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Background: It is reported that progestin and adipoQ receptor 4 (PAQR4) has a tumorigenic 

effect on human breast cancer, but the role of PAQR4 in non-small-cell lung cancer (NSCLC) 

is unknown. The aim of this study was to investigate the role of PAQR4 in NSCLC.

Methods: Quantitative real-time PCR (qRT-PCR) and immunohistchemical (IHC) staining 

were used to analyze the expression of PAQR4 in HCC tissues and adjacent normal tissues. 

MTT, colony formation assay, flow cytometry (FCM), wound healing assays and transwell 

invasion assays were used to investigate the effects of PAQR4 on cell proliferation, colony 

formation, cell cycle, migration and invasion. Murine xenograft model assay was carried out 

to characterize the effects of PAQR4 knockdown on tumor growth in vivo.

Results: In this study, we found that the expression of PAQR4 was significantly upregulated 

in the NSCLC tissues of patients compared with that in the matched non-cancerous tissues. In 

addition, we found that PAQR4 was also significantly up-regulated in the NSCLC cell lines 

compared with normal human lung epithelial cells. Besides, we found that the over-expression 

of PAQR4 promoted promoted proliferation, colony formation, migration and invasion of the 

NSCLC cells, whereas the knockdown of PAQR4 inhibited proliferation, colony formation, 

migration and invasion of the NSCLC cells. Furthermore, mechanistic studies showed that the 

CDK4-pRB-E2F1 pathway was involved in NSCLC.

Conclusion: Hence, these results suggest that PAQR4 may be used as a new target in NSCLC 

therapy.

Keywords: PAQR4, cell proliferation, metastasis, CDK4-pRB-E2F1 pathway

Introduction
Non-small-cell lung cancer (NSCLC) is one of the most common respiratory neoplasms 

and a major cause of cancer-related morbidity and mortality worldwide.1–3 It is reported 

that the crude incidence of lung cancer in the European Union is 52.5/100,000 every 

year, with a yearly mortality of 48.7/100,000.4,5 Many factors are involved in trig-

gering NSCLC.6,7 Despite great advances in understanding the disease, the long-term 

survival of patients with NSCLC is still very poor. As a result, effective therapeutic 

methods are in great need.

It is well known that abnormal expression of cancer-related genes is related to 

occurrence and development of a wide range of human malignancies.8–10 Progestin and 

adipoQ receptor 4 (PAQR4) is a member of the PAQR4 family.11,12 It is documented 

that the PAQR4 family plays an important role in a number of biological processes, 

including tumor development and metabolism.13–15 The CDK4-pRB-E2F1 pathway has 

been reported to be involved in several types of human tumors, including glioblastoma 
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multiforme,16 melanoma,17 endometrial cancer,18 pituitary 

tumor,19 prostate cancer,20 liver cancer,21 and gastric cancer.22

It was reported that PAQR4 had a tumorigenic effect in 

human breast cancer, but the role of PAQR4 in NSCLC is 

unknown. This study aimed to investigate the role of PAQR4 

in NSCLC and uncover the potential molecular mecha-

nisms. In this study, we found that PAQR4 expression was 

significantly upregulated in NSCLC tissues. Moreover, the 

overexpression of PAQR4 promoted cell proliferation and 

metastasis, whereas the knockdown of PAQR4 inhibited 

these functions. Additionally, we found that the CDK4- 

pRB-E2F1 pathway was involved in the occurrence and 

development of NSCLC.

Materials and methods
Patients and tissue samples
NSCLC tissues and matched normal tissues were obtained 

from 60 patients who underwent surgical resection at First 

Affiliated Hospital of Anhui Medical University (Hefei, 

China). Tissues samples were stored in -80°C until further 

studies. All the patients gave their written informed consent. 

None of the patients received radiotherapy or immuno-

therapy. All the patients provided written informed consent. 

This study was approved by the Ethics Committee of Anhui 

Medical University. This work was conducted in accordance 

with the Declaration of Helsinki.

immunohistochemistry (ihc)
The immunohistochemical staining was performed on 5 µm 

slides from formalin-fixed, paraffin-embedded lung tissue. In 

brief, after deparaffinization and dehydration, the slide prepa-

rations were incubated in 0.3% H
2
O

2
 to quench endogenous 

peroxidase activity. This step was followed by three washes 

with PBS. For antigen retrieval, sections were incubated with 

10 mmol/L citrate buffer (pH 6.0) at 120°C for 20 minutes. 

Subsequently, the slides were exposed to blocking solution for 

1 hour. The slides were incubated with the primary antibody 

using a 1:100 working dilution. The slides were incubated for 

1 hour in a humidified chamber at room temperature, followed 

by three washes with PBS. The slides were then incubated 

under the same conditions with the secondary biotinylated 

antibody for 1 hour (avidin-biotin complex, Vectastain Elite 

kits; Vector Labs Inc., Burlingame, CA, USA).

cell culture
Four NSCLC cell lines and one normal lung epithelial cell 

line BEAS-2B were obtained from Shanghai Cell Bank, 

Chinese Academy of Sciences (Shanghai, China). All the 

cells were cultured in RPMI medium supplemented with 

10% FBS, and incubated at 37°C in a humidified atmosphere 

with 5% CO
2
. Cells in logarithmic growth phase were used 

for further experiments.

Quantitative real-time polymerase chain 
reaction (qrT-Pcr)
Total RNA and microRNAs were extracted using the RNeasy 

Mini kit (Qiagen, Hilden, Germany) according to the manu-

facturer’s protocol. Following quantification by Nanodrop 

2000 (Thermo Fisher Scientific, Waltham, MA, USA), the 

extracted total RNA was reverse-transcribed using a TaqMan 

High-Capacity cDNA Archive kit (Applied Biosystems, 

Foster City, CA, USA). For mRNA analysis, reverse tran-

scription products were mixed with TaqMan Universal PCR 

Master Mix (Applied Biosystems), and qRT-PCR was per-

formed on an Applied Biosystems 7,500 Fast Real-Time PCR 

systems (Applied Biosystems). The sequences of primers were 

as followed: PAQR4, forward 5′-CTCAGGTTGGGTCTAG 

GTG-3′ and reverse 5′-GCAGGGCTAGCTTTTGGATC-3′; 
β-actin, forward 5′-GGACTTCGAGCAAGAGATGG-3′ 
and reverse 5′-AGCACTGTGTTGGCGTACAG-3′. 
β-actin was used as an endogenous control to normalize 

ROCK1 expression levels. The relative expression level was 

calculated using the 2-∆∆Ct method.

Western blotting
Protein lysates were prepared from cells using 500 µL of 

RIPA buffer with 1 mM phenylmethane sulfonyl fluoride. 

Samples were subsequently sonicated for 2 minutes and cen-

trifuged. The supernatants were collected and used for protein 

analysis. Lysates were separated on 8% polyacrylamide gels 

and transferred onto polyvinylidene fluoride  membrane. 

The membranes were blocked with PBS containing 0.1% 

Tween-20 (PBST) and 5% nonfat milk (w/v) for 1 hour at 

room temperature. After they were washed with PBST, the 

membranes were probed with antibodies overnight at 4°C. 

Antibodies were all obtained from Abcam (Cambridge, UK). 

The membranes were washed again with PBST, then horse-

radish peroxidase-labeled IgG at 1:5,000 dilution was added 

at room temperature for 1 hour, and the blots were developed 

using enhanced chemiluminescence Western blotting reagents.

cell proliferation
Cell proliferation was assessed using MTT Cell Proliferation 

and Cytotoxicity Assay Kit (Sigma-Aldrich Co., St Louis, 

MO, USA) according to the manufacturer’s protocols. Briefly, 

cells were seeded in each well of a 96-well plate at a density 

of 1×104 cells/well. Following incubation at 37°C for different 

periods of time, the culture medium was removed and MTT 
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(20 µL, 5 mg/mL) was added to each well. After incubation 

at 37°C for another 4 hours, MTT solution was removed 

and replaced with dimethyl sulfoxide (150 µL, 4%; Sigma-

Aldrich Co.). Absorbance was measured using a microplate 

reader (Bio-Tek Instruments, Winooski, VT, USA).

cell transfection
Cell transfection was performed using Lipofectamine 

2000 (Thermo Fisher Scientific, Waltham, MA, USA) in 

accordance with the manufacturer’s instructions. PAQR4 

expression vectors and short hairpin RNA (shRNA) specially 

targeting PAQR4 were obtained from Shanghai GenePharma 

Co., Ltd. (Shanghai, China). The pcDNA3.1 plasmids were 

used for the overexpression studies. The pLKO.3.1 plasmids 

were used for the knockdown studies. Cells were incubated 

for 24 hours and then collected for further studies.

cell cycle analysis
For cell cycle analysis, cells were harvested at 48 hours post-

transfection. The cells were washed with PBS and fixed in 

ethanol at -20°C. Then, the cells were washed with PBS, 

rehydrated, and stained in propidium iodide (BD Biosciences, 

San Jose, CA, USA). The stained cells (~1×105) were then 

examined using a flow cytometer and analyzed using ModFit 

software (BD Biosciences).

colony formation
Clonogenic abilities of cells were examined by colony for-

mation assays. In brief, 400 cells from each treatment were 

cultured in the six-well plates for 14 days. After 14-day 

culture, the cells were stained using crystal violet, and the 

stained cells were counted under an inverted microscope 

(Olympus, Tokyo, Japan).

Wound healing assays
Wound healing assays were conducted to examine the migra-

tion ability of cells. A scratch was made on the mono-layer of 

cells using a sterile plastic tip. After 24 hours of incubation, 

the closure of the scratch was observed. The scratch width 

was measured under an inverted microscope (Olympus), and 

cell migration was calculated.

Transwell invasion assays
Transwell assays were conducted to detect the invasion 

capabilities of cells. Cells (4×105) were plated within the 

top chamber coated with Matrigel membrane. FBS 10% 

was used as a chemoattractant in the lower chamber. Cells 

were incubated for 48 hours, and the cells that did not invade 

through the membrane were removed by a cotton swab. Cells 

on the lower chamber were then stained with crystal violet 

and counted under an inverted microscope (Olympus).

statistical analysis
Data are expressed as mean ± SD. SPSS 18.0 software (SPSS 

Inc., Chicago, IL, USA) was applied for statistical analysis. 

Student’s t-test was used to compare differences between two 

groups, and one-way ANOVA with post hoc Dunnett’s mul-

tiple comparison was performed to determine the differences 

among three independent groups. P,0.05 was considered 

statistically significant.

Results
PAQR4 is significantly upregulated in 
nsclc cells tissues
Although PAQR4 is reported to be involved in human 

breast cancer, the role of PAQR4 in human NSCLC remains 

unclear. The Cancer Genome Atlas information showed that 

the expression of PAQR4 was significantly upregulated in 

NSCLC tissues compared with the normal tissues (Figure 1A). 

As shown in Figure 1B, PAQR4 was significantly upregulated 

in NSCLC tissues compared with the normal tissues. The 

results of IHC displayed that PAQR4 expression was signifi-

cantly upregulated in NSCLC tissues compared with the corre-

sponding normal tissues (Figure 1C). As shown in Figure 1D, 

PAQR4 expression was dramatically upregulated in NSCLC 

cell lines compared with a human normal lung epithelial cell 

line. We found that PAQR4 expression was associated with 

pathological parameters, including tumor size, TNM stage, 

and lymph node metastasis (Table 1). These results suggest 

that PAQR4 is significantly upregulated in NSCLC tissues.

PaQr4 promotes cell proliferation, 
colony formation, and cell cycle
Next, we examined cell proliferation, colony formation, and 

cell cycle after overexpression or knockdown of PAQR4. 

Transfection efficacy was determined by Western blotting 

(Figure 2A). As shown in Figure 2B, the overexpression of 

PAQR4 promoted A549 cell proliferation compared with the 

control group, whereas the knockdown of PAQR4 inhibited 

H460 cell proliferation. As shown in Figure 2C, the overex-

pression of PAQR4 promoted A549 cell colony formation 

compared with the control group, but the knockdown of 

PAQR4 inhibited H460 cell colony formation. The results 

of flow cytometry demonstrated that the overexpression of 

PAQR4 boosted A549 cell cycle progression, whereas the 

knockdown of PAQR4 repressed H460 cell cycle progression 

(Figure 2D). These results suggest that PAQR4 promotes cell 

proliferation, colony formation, and cell cycle.
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Figure 1 PAQR4 is significantly upregulated in NSCLC tissues. 
Notes: (A) information was downloaded from the Tcga database. (B) relative PaQr4 expression levels in 60 pairs of nsclc tissues and normal tissues were examined 
by qrT-Pcr. (C) Relative PAQR4 expression in NSCLC tissues and normal tissues were examined by IHC. The magnification of the upper photomicrographs and lower 
photomicrographs was 200× and 400×, respectively. The lower panel is the local magnification of the upper panel. (D) relative PaQr4 expression level in four nsclc cell 
lines and one normal lung epithelial cell line Beas-2B was examined by Western blots. ***P,0.001; *P,0.05.
Abbreviations: ihc, immunohistochemistry; nsclc, non-small-cell lung cancer; qrT-Pcr, quantitative real-time Pcr; Tcga, the cancer genome atlas.

Table 1 The relationship between PaQr4 expression and pathological parameters of nsclc patients

Characteristics Number of patients PAQR4 low expression  
(# median)

PAQR4 high expression 
 (# median)

P-value

number 60 32 28  
age (years)    0.576

#60 34 18 16  
.60 26 14 12  

gender    0.507
Male 29 15 14  
Female 31 17 14  

smoking    0.219
no 30 14 16  
Yes 30 18 12  

Tumor size (cm)    0.005
#3 31 22 9  
.3 29 10 19  

histology    0.331
adenocarcinoma 35 20 15  
squamous carcinoma 25 12 13  

Tumor stage    0.001
i 23 18 5  
ii 19 9 10  
iii 18 5 13  

lymph node metastasis    0.002
no 30 22 8  
Yes 30 10 20  

Abbreviation: nsclc, non-small-cell lung cancer.

PaQr4 promotes cell migration and 
invasion
In this study, we evaluated cell migration and inva-

sion after overexpression or knockdown of PAQR4. As 

shown in Figure 3A, cell migration was promoted in the 

pcDNA3.1-PAQR4 group compared with the control group, 

while cell migration was inhibited in the pLKO.1-PAQR4 

group. Transwell invasion assays demonstrated that cell inva-

sion was promoted in the pcDNA3.1-PAQR4 group compared 

with control treatment, whereas cell invasion was slowed 
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Figure 2 PaQr4 promotes cell proliferation, colony formation, and cell cycle. 
Notes: (A) PAQR4 overexpression and knockdown efficacy was determined by Western blots. (B) cell proliferation was examined by MTT assays after overexpression 
or knockdown of PaQr4. (C) The clonogenic ability of cells was examined by clone formation assays after overexpression or knockdown of PaQr4. (D) cell cycle was 
examined by FcM after overexpression or knockdown of PaQr4. ***P,0.001.
Abbreviation: FCM, flow cytometry.

β β

β β

down in the pLKO.1-PAQR4 group (Figure 3B). These results 

indicate that PAQR4 promotes cell migration and invasion.

Knockdown of PaQr4 inhibits tumor 
growth
To investigate the effect of PAQR4 on tumor growth, we 

built murine xenograft models. We found that tumors of the 

pLKO.1-PAQR4 group grew much slower than those of the 

control group. Moreover, tumors of the pLKO.1-PAQR4 

group were much heavier than those of the control group 

(Figure 4A). We found that Ki67 protein expression was 

decreased in the tumors of the pLKO.1-PAQR4 group com-

pared with the control group (Figure 4B). These findings sug-

gest that knockdown of PAQR4 inhibits tumor growth in vivo.

The cDK4-prB-e2F1 pathway is involved 
in nsclc
Finally, we examined the effect of PAQR4 on CDK4-pRB-

E2F1 pathway. As shown in Figure 5A, the expression 

of CDK4, pRB, and E2F1 proteins was increased in the 
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Figure 3 PaQr4 promotes cell migration and invasion. 
Notes: (A) cell migration was evaluated by wound healing assays after overexpression or knockdown of PaQr4. (B) cell invasion was examined by transwell invasion assays 
after overexpression or knockdown of PaQr4. ***P,0.001. Magnification ×100.

pcDNA3.1-PAQR4 group compared with the control group, 

whereas the expression of CDK4, pRB, and E2F1 proteins 

was decreased in the pLKO.1-PAQR4 group (Figure 5A). 

As shown in Figure 5B–F, CDK4 knockdown by shRNAs or 

inhibition of CDK4 by palbociclib promoted proliferation, 

colony formation, migration, and invasion of cells transfected 

with pLKO.1-PAQR4. There results manifest that the CDK4-

pRB-E2F1 pathway is involved in NSCLC.
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Figure 4 Knockdown of PaQr4 inhibits tumor growth. 
Notes: (A) Mouse xenograft assays were conducted after downregulation of PaQr4. (B) Ki67 expression in the separated tumors was examined by ihc. ***P,0.001.
Abbreviation: ihc, immunohistochemistry.

β

β

β

β

β

Figure 5 (Continued)

Discussion
NSCLC is the most common type of lung cancer, which 

poses a great threat to the health of the people around the 

world.23,24 Even though great advances have been made in 

the treatment of NSCLC, the long-term prognosis is still very 

poor.25 It is reported that recurrence and metastasis mainly 

contribute to the poor prognosis and therapeutic failure of 

NSCLC cases.26,27 As a conseqeunce, effective treatments are 
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Figure 5 The cDK4-prB-e2F1 pathway mediates the effect of PaQr4 on cell proliferation and metastasis. 
Notes: (A) expression of cDK4, prB, and e2F1 proteins in nsclc was detected by Western blots after overexpression or knockdown of PaQr4. (B) expression of cDK4, 
prB, and e2F1 proteins in nsclc cells was examined by Western blots after transfection with plKO.1-cDK4 or use of palbociclib. (C) cell proliferation was examined by 
MTT assays after transfection with plKO.1-cDK4 or use of palbociclib. (D) The clonogenic ability of cells was determined by clone formation assays after transfection with 
plKO.1-cDK4 or use of palbociclib. (E) cell migration was examined by wound healing assays after transfection with plKO.1-cDK4 or use of palbociclib. (F) cell invasion 
was assessed by transwell invasion assays after transfection with plKO.1-cDK4 or use of palbociclib. ***P,0.001. ##P,0.01, ###P,0.001, compared with pcDna3.1-PaQr4.
Abbreviation: nsclc, non-small-cell lung cancer.

in great need. Up to now, modulation of key genes implicated 

in tumor development and progression is referred to as a 

promising therapeutic strategy.

PAQR4, known as a member of the PAQR4 family, plays 

crucial roles in many biological processes, including cell 

proliferation, cell cycle, cell differentiation, and cell death.11–15 

A previous study reported that PAQR4 was significantly 

upregulated in human breast cancer tissues and served as an 

oncogene.11 However, the biological role of PAQR4 in NSCLC 

is still unclear. Therefore, better understanding the role of 

PAQR4 may be useful for improving the curative effects and 

lengthening overall survival of the NSCLC patients. In this 

study, we carried out qRT-PCR analysis and IHC assays, and 

found that PAQR4 is significantly upregulated in NSCLC tis-

sues compared with the matched normal tissues. Interestingly, 

we found PAQR4 was also significantly upregulated in the 

NSCLC cell lines. These results indicate that PAQR4 may 

be involved in the occurrence and development of NSCLC.

Subsequently, we performed further studies. In this study, 

we found that the overexpression of PAQR4 promoted cell 

proliferation, colony formation, cell cycle, cell migration, 

and invasion, whereas the knockdown of PAQR4 inhibited 

cell proliferation, colony formation, cell cycle, cell migration, 

and invasion. Moreover, we found that the CDK4-pRB-

E2F1 pathway was implicated in NSCLC. In this study, 

we downregulated the expression of CDK4 using pLKO.1-

CDK4 and inhibited the pathway using CDK4 inhibitor, and 

discovered that inhibition of the CDK4-pRB-E2F1 pathway 

mitigated the promoting effect of PAQR4 on cell prolifera-

tion, migration, and invasion. Additionally, past studies have 

reported that the CDK4/pRB-E2F1 pathway plays key roles 

in diverse types of human neoplasms, such as glioblastoma 

multiforme,16 melanoma,17 endometrial cancer,18 pituitary 

tumor,19 prostate cancer,20 liver cancer,21 and gastric cancer.22 

It is reported that the CDK4-pRB-E2F1 pathway is related to 

cell apoptosis and the progression of cell cycle.28,29

Conclusion
PAQR4 expression was significantly upregulated in human 

NSCLC tissues, and the expression of PAQR4 was also 
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dramatically upregulated in NSCLC cell lines. Besides, this 

study uncovered that PAQR4 promotes proliferation and 

metastasis in NSCLC through the CDK4-pRB-E2F1 path-

way. Hence, PAQR4 may be used as a potential diagnostic 

and curative target in NSCLC, and targeting the CDK4-pRB-

E2F1 pathway may be a novel therapy for NSCLC.
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