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Background: It is unclear whether low density lipoprotein receptor-related protein 11

(LRP11), a newly found lipoprotein receptor regulatory protein, has the carcinogenic effects

in cervical cancer.

Methods: Bioinformatics analysis, immunohistochemical (IHC) staining and evaluation,

cell proliferation assay, flow cytometry, transwell migration and invasion assays, Western

blotting, growth of LRP11-silenced cells in athymic nude mice were performed in this

research.

Results: We found that LRP11 expression was higher in high-grade squamous intraepithelial

lesions (HSIL) and cervical cancer tissue than in normal cervix, and high expression of

LRP11 was associated with differentiation degree (P=0.0266), indicating poor prognosis

(P=0.0210). The silencing of LRP11 in SiHa and CaSki cell lines inhibited cell proliferation,

reduced migration and invasion and suppressed cell growth in nude mice, which possibly

related to cell cycle protein regulation of CDK 2/4, cyclin D1/E1, MMP-2/9, and VEGF.

Furthermore, LRP11 showed substantial positive correlation with P16 in vivo and in vitro.

Conclusion: LRP11 plays important roles in proliferation, migration and invasion, with the

potential to be a useful prognostic marker and therapeutic target for patients with HSIL and

cervical cancer.
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Introduction
Cervical cancer is the most common gynecological malignancy. According to the

International Agency for Research on Cancer (IRAC) 2018 GLOBOCAN statistical

report, the number of new cases of cervical cancer worldwide in 2018 was 569,847

and the number of deaths was 311,365. The proportion of new cases (13.1%) and

the proportion of deaths (6.9%) ranked fourth among female tumors.1 Chinese

cancer statistics report published in 2015 found that rates of incidence and mortality

increased yearly from 2000 to 2011; furthermore, the incidence rate was the second

highest among women in the 34–44 age group.2 Therefore, cervical cancer still

imposes a heavy economic burden around the world and severely endangers

women’s health. In addition to persistent high-risk human papillomavirus (HPV)

infection, there are many risk factors involved in carcinogenesis.

Lipids play critical roles in cellular survival, interaction, proliferation and death,

because they are involved in cellular signaling, cell membranes, and cell-cell

interactions. These cellular processes are strongly related to oncogenic processes,
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particularly transformation, progression, and metastasis,

suggesting that bioactive lipids are mediators of a number

of carcinogenesis processes.3 The low-density lipoprotein

receptor-related protein families are transmembrane pro-

teins, limited to the regulation of cholesterol homeostasis

by receptor-mediated endocytosis of lipoprotein particles;

however, there is growing experimental evidence that the

other members of the gene family have additional physio-

logical functions, including signal transduction.4 Members

of the LRP family, including LDLR related protein 1

(LRP1), LRP2/glycoprotein330/megalin, very low-density

lipoprotein (VLDL) receptor (VLDLR); LR11 (also

known as sorLA); apolipoprotein E (apoE) receptor type

2 (apoER2, LRP8, LR7/8B); LRP3, MEGF7/LRP4, LRP5,

and LRP6, LR32 (also called LRP1B), as well as the

LRP11.5,6 Many studies have reported that family mem-

bers LRP1 and LRP1B serve as prognostic markers in

colon cancer, breast cancer, thyroid cancer, urothelial and

clear-cell renal cell carcinoma that they play important

roles in carcinogenesis.7–15 LRP11, as a newly described

member of the LRP family, was found highly expressed in

cervical cancer patients and was associated with poor

prognosis according to our bioinformation analysis.

However, its function remains unclear, only Fatima’s

research found that LRP11 in the form of exosomes

could promote the occurrence and development of head

and neck cancer by affecting lipid metabolism and mem-

brane trafficking.16 To evaluate the role of LRP11 in

cervical cancer, we sampled the tumor tissue obtained

from HSIL and cervical cancer patients and examined

their LRP11 expression levels. Through gene silencing in

cervical cancer cell lines, we described the effects of

LRP11 on proliferation, cell cycle arrest, apoptosis, migra-

tion and invasion of cancer cells. For many studies have

reported that P16 plays important roles in the proliferation

through regulating the expression of cell cycle associated

protein, and now it is widely used as a biomarker for CIN

and cervical cancer patients. Therefore, we used P16 as a

reference.17–19

Methods and materials
Bioinformation databases
LRP11 bioinformation analysis were performed from the

GEO dataset (https://www.ncbi.nlm.nih.gov/geoprofiles),

Oncomine database (https://www.oncomine.org), GEPIA

database (http://gepia.cancer-pku.cn/). In the GEO dataset,

we need to download the original data of LRP11 in the

form of GEO profile, which can be opened by Excel soft-

ware. The mRNA expression level of LRP11 is relatively

quantified. Therefore, we use GraphPad software directly

for student’s t-test and mapping. In the Oncomine database

and the GEPIA database, we can directly input LRP11 and

other related molecular names, then we can obtain corre-

sponding expression quantitative graphs, expression

related graphs and survival prognosis graphs.

Tissue samples
Fresh tissue samples (12 normal cervix and 12 cervical

cancer) were collected in our surgery department. Paraffin-

embedded tissue samples came from 39 normal controls

(healthy or uterus benign tumor cases), 40 HSIL patients

and 50 cervical cancer patients who were admitted to Qilu

Hospital of Shandong University from 2009 to 2012. The

paraffin-embedded tissue blocks were then made into tis-

sue microarray (TMA) blocks. All clinical information,

including age, HPV infection status, ThinPrep cytologic

test (TCT) results, colposcopy and pathological diagnosis

were all examined, and patients were staged according to

2009 FIGO staging guidelines. All patients have provided

written informed consent, and that this was conducted in

accordance with the Declaration of Helsinki. The ethics

committee of Qilu Hospital approved this study, and the

approval number is KYLL-2017–560.

Immunohistochemical (IHC) staining and

evaluation
The TMA blocks were cut into 4-µm sections. The slides

were then incubated with antibodies against P16 (1:200,

Abcam, USA, ab 189034) and LRP11 (10 μg/mL, R&D

Systems, USA, AF8355). Immunohistochemical staining

and evaluation procedures were described previously.20 The

primary antibody was incubated overnight at 4 °C refrigera-

tor for 12–16 h and the secondary antibody was incubated for

30–60 min at room temperature.

Cell lines and maintenance
The following human cervical cancer cell lines were used

in this study: SiHa, human cervical squamous carcinoma,

HPV 16-positive; CaSki, human cervical adeno-squamous

carcinoma, HPV 16-positive. All these cell lines used in

our study were purchased commercially from Cell Bank of

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

cells were maintained in minimum essential medium

(MEM), CaSki cells were maintained in Roswell Park
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Memorial Institute (RPMI)-1640 medium, and all media

(HyClone Laboratories, Logan, UT, USA) were supple-

mented with 10% fetal bovine serum (FBS; BI, Kibbutz

Beit-Haemek, Israel). They were all incubated in standard

culture conditions (5% CO2, 37 °C).

Transduction of the LRP11-silencing

plasmid
To further clarify the roles of LRP11 in cervical cancer, we

transduced SiHa and CaSki cell lines with LRP11 small

hairpin RNA (shRNA) plasmids to target the expression of

LRP11. The plasmid was designed by He Yuan Co., Ltd.

(Shanghai, China). The lentiviral vectors pLKD-CMV-

G&PR-U6 was used to promote transduction efficiency.

First, we design a shRNA interference fragment for human

LRP11. The interference fragment was constructed to the

downstream of the U6 promoter of the lentiviral vector

(pLKD-CMV-G&PR-U6-LRP11-shRNA) by molecular bio-

logical means, and the vector can express the green fluores-

cent protein EGFP and puromycin resistance while

interfering with the target gene. The EGFP is convenient

for observing the working state of the vector, and the pur-

omycin resistance is convenient for screening stable cell lines

interfered by the target gene. After 7 days of selective culture

with puromycin dihydrochloride (2 μg/mL; Amresco, Solon,

OH, USA), the stably silenced cell lines were used to perform

the subsequent experiments. For convenience, we designated

the LRP11 knockdown cell lines as sh-LRP11, while the

control cell lines were designated as NC.

Cell proliferation assay
Cell survival rate was assessed using Cell Counting Kit-8

(CCK-8) (Tongren, Shanghai, China). According to the

manufacturer’s instructions, 2×103 cells were seeded in

each well of a 96-well plate, and incubated for 0, 12, 24,

48, 72 h. Then, 10 µL of CCK-8 reagent was added to

each well including the negative control at 4 h before

measuring the optical density (OD) at 450 nm using a

microplate reader (Infinite 2000; Tecan, Männedorf,

Switzerland).

Flow cytometry
The distributions of NC and sh-LRP11 cells at various

stages of the cell cycle and apoptosis were measured by

flow cytometry (BD Biosciences, Franklin Lakes, NJ,

USA), as previously described.20–22

Transwell migration and invasion assays
The abilities of migration and invasion were measured by

the Transwell assays, and the procedures have been

described previously.21

Western blotting
Total protein was extracted from the samples, as previously

described.20–22 Primary antibodies used were anti-LRP11,

anti-P16, anti-CDK 2 (1:1000, Abcam, ab 32147), anti-

CDK 4 (1:1000, Cell Signaling Technology, Danvers, MA,

USA, #12790), anti-Cyclin D1 (1:1000, Cell Signaling

Technology, Danvers, MA, USA, #2978), anti-cyclin E1

(1:1000, Abcam, ab 3927), anti-cleaved-PARP (1:1000,

Cell Signaling Technology, Danvers, MA, USA, #5652T),

anti-BcL-xL (1:200, Santa Cruz Biotech, sc-8392), anti-Bax

(1:200, Santa Cruz Biotech, sc-7480), anti-MMP-2 (1:1000,

Abcam, ab 92536), anti-MMP-9 (1:1000, Cell Signaling

Technology, Danvers, MA, USA, #13667), anti-VEGF

(1 μg/mL, Abcam, ab 46154), and anti-β-actin (1:1000,

Cell Signaling Technology, #4970). β-actin is currently

recognized as very stable internal control. For mammalian

cell expression, it refers to a protein encoded by the house-

keeping gene. Secondary antibodies were anti-rabbit and

anti-mouse IgG peroxidase conjugates (1:5000, Merck

Millipore, MA, USA), as well as anti-sheep IgG cell and

tissue staining kit (R&D Systems, USA, CTS019). The

ImageQuant LAS 4000 system (GE Healthcare Life

Sciences, Logan, UT, USA) was used to detect these pro-

teins, and the results were analyzed by ImageJ software

(NIH, Bethesda, MD, USA).

Growth of LRP11-silenced cells in

athymic nude mice
The mice used in this study were purchased from Weitong

Lihua Biotechnology Co., Ltd. (Beijing, China). Age of the

mice is 5 weeks old. Ten female athymic nude mice were

randomly divided into two groups (5 mice/group). When

the fusion rate reaches 80%, SiHa cells transduced with

either the sh-LRP11 or the NC plasmid were digested by

0.25% trypsin and collected by centrifugation in 1000rpm

for 4 min. Then they were counted on a hemocytometer

plate and the concentration was adjusted to 5×106 cells/mL

with serum-free medium, and the mice were subcutaneously

injected. The tumor volume and size were measured as

described: The tumour volume was measured every there

days after tumour formation (approximately 8 days), and

the tumour size was calculated according to the following
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formula: volume = (width)2×length/2.22 Then, 41 days later,

the xenografts were removed from the mice, weighed and

photographed. Growth curves were then drawn. All animal

experiments were performed on the basis of “The Detailed

Rules and Regulations of Medical Animal Experiments

Administration and Implementation” (document no. 1998–

55; Ministry of Public Health, People’s Republic of China).

The ethics committee of Qilu Hospital approved this study,

and the approval number is KYLL-2017–560.

Statistical analysis
Statistical analyses were conducted with GraphPad Prism

5.01 software (GraphPad Software Inc., San Diego, CA,

USA). All experiments were repeated at least three times,

and the results were presented as mean ± the standard

deviation (SD). Statistical comparisons were performed

using Student’s t-test, Pearson r test, Chi-square test,

Yate’s continuity corrected Chi-square test and Fisher’s

exact test. Finally, the Kaplan-Meier method and the log-

rank test were used to analyze the survival data. P<0.05

was considered statistically significant.

Results
Expression of LRP11 and P16 in normal,

HSIL, and cervical cancer tissues and their

associations
To examine whether LRP11 is expressed in cervical cancer,

relative protein expression levels of LRP11 in 12 normal

cervical and 12 cervical cancer tissues were assessed by

Western blotting (Figure 1A). The protein levels of LRP11

in the cervical cancer samples were significantly higher than

those of normal tissues (P<0.05) (Figure 1B). These results

agreed with our bioinformation analysis: The expression of

LRP11 mRNA increased in HPV infection tissue and HPV

progression tissue in GEO DataSets (Figure S1A), and the

Oncomine database also showed a same trend in cervical

cancer tissue, compared with the normal cervix uteri

(Figure S1B and C). Then, IHC was used to compare

expression levels of P16 and LRP11 in normal, HSIL, and

cervical cancer tissues (Figure 2). Expression levels of P16

were higher in HSIL and cervical cancer tissues than in the

normal cervix (P<0.001) (Figure 2A and C), and LRP11

expression levels were significantly correlated with patho-

logical level changes (P<0.0001) (Figure 2B and D).

Furthermore, we performed Pearson r tests to determine

the correlation between the expression of LRP11 and P16.

We found that LRP11 expression was positively correlated

with P16 expression (r=0.5407, P<0.001) (Figure 2E).

Relationship between LRP11 and P16

expression and clinicopathological

characteristics, and their correlation with

overall survival rates in cervical cancer

patients
The results are summarized in Table 1. We found that

LRP11 expression correlated with cervical cancer dif-

ferentiation (P<0.05), but did not correlate with age,

histology, clinical stage, tumor size, lymph node metas-

tasis (LNM) or lymph vascular space involvement

(LVSI). The expression levels of P16 did not correlate

with any. We also gathered survival data from these

cervical cancer patients, including 33 survivors, 12

deaths and 5 patients lost to follow-up. OS time in

cervical cancer patients with high LRP11 expression

tumors was shorter than those with low LRP11 tumors

(P<0.05); however, no significant association was

found between the expression P16 and OS (Figure 3A

and B). The survival results agreed with our bioinfor-

mation analysis (Figure S1D and E).

Figure 1 LRP11 expression in normal and cervical cancer tissues. (A) Protein expression of LRP11 was determined by Western blotting in 12 normal cervical tissues and 12

tumor tissues. (B) Quantification of protein expression levels as shown in A. *P<0.05.
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Effects of LRP11 silencing on P16

expression
To study the influence of LRP11 on expression of P16, we

performed Western blotting. The LRP11 protein knockdown

efficiency is close to 50%, so we can carry out subsequent

experiments to study its function. And the influence of

LRP11 knockout to cycle-related molecule P16 is obvious.

Compared with their respective control groups, the silencing

of LRP11 in SiHa, CaSki resulted in a decline in P16 expres-

sion (P<0.05) (Figure 4).

Figure 2 Expression of LRP11 and P16 in cervical cancer tissues and their correlation. (A and B) The expression of P16 and LRP11 in normal cervix, high squamous

intraepithelial lesion (HSIL) and cervical cancer tissues (×40 and ×200). (C and D) The H-Score of P16 and LRP11 in normal cervix, HSIL and cervical cancer. (E) The
correlations between expression of P16 and LRP11. ***P<0.001.
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Table 1 Association between LRP11/P16 expression and clinicopathological factors

Variables No. Expression of LRP11 Expression of P16

Low High P-value Low High P-value

Age 0.6149 0.5000

≤45 19 7 12 5 14

>45 31 15 16 11 20

Histology 0.2457 0.5571

SCC 47 22 25 15 32

Adenocarcinoma 3 0 3 1 2

Clinical Stage 0.1493 0.2035

Stage I 37 19 18 10 27

Stage II/III 13 3 10 6 7

Differentiation 0.0266* 0.3185

Low/Moderate 27 8 19 7 20

High 23 14 9 9 14

Tumor Size 0.3567 0.2787

<4 cm 39 19 20 11 28

≥4 cm 11 3 8 5 6

LNM 0.4280 0.9604

Negative 42 20 22 14 28

Positive 8 2 6 2 6

LVSI 0.9432 0.8201

Negative 40 18 22 13 27

Positive 10 4 6 3 7

Note: *Statistically significantly value.

Abbreviations: SCC, squamous cell carcinoma; LNM, lymph node metastasis; LVSI, lymph vascular space involvement.

Figure 3 Kaplan-Meier overall survival (OS) curve for cervical cancer patients and the correlation of OS with P16 expression (A) and LRP11 expression (B). *P<0.05.

Figure 4 The effect of LRP11 silencing on P16. (A) The protein levels of LRP11 and P16 were determined by Western blotting in SiHa, as well as quantification of protein

expression levels (B) CaSki protein levels, similar to that of SiHa. *P<0.05, **P<0.01, compared with the NC groups.
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LRP11 increases cell viability and

accelerates the cell cycle
To confirm whether LRP11 affects cell viability and the

cell cycle, CCK-8 and flow cytometric assays were

performed. The cell viability of the SiHa sh-LRP11

group was lower at 12 and 24 h (Figure 5A), and the

cell viability of the CaSki sh-LRP11 group was lower at

24 and 48 h (Figure 5B), than in the NC groups. We

also measured the cell cycle distribution using flow

cytometry. Compared with the NC groups, the sh-

LRP11 groups of SiHa and CaSki were arrested in the

G0/G1 phase (Figure 5C–F). We also found that cell

cycle regulatory proteins, including CDK 2/4 and cyclin

D1/E1, were influenced by LRP11 expression. These

proteins were expressed at lower levels in the SiHa

and CaSki cells with silenced LRP11 than in the NC

groups (Figure 5G and H). In addition, the expression of

CDK 2/4 positively correlated with LRP11 expression in

our bioinformation analysis (r=0.38/0.12, P<0.001/0.05)

(Figure S1F and G).

LRP11 has little effect on apoptosis
To study whether LRP11 expression affects cervical can-

cer cell death, we performed flow cytometry apoptosis

assays. We found that silenced LRP11 in the SiHa

cell line led to a small increase in early apoptosis

(PI-/Annexin+), with no significant change in late apop-

tosis (PI+/Annexin+) (Figure 6A and C); silencing of

LRP11 in the CaSki cell lines gave no significant change

in either early or late apoptosis (Figure 6B and D). The

Western blotting results revealed that changes in expres-

sion of apoptosis-related proteins, including cleaved

PARP, BcL-xL, Bax, agreed with the change of apoptotic

appearance, however without statistical significance

(Figure 6E and F).

LRP11 promotes migration and invasion
Compared with the NC groups, the number of migrated

and invading cells was significantly lower in the SiHa sh-

LRP11 (P<0.01) and CaSki sh-LRP11 groups (P<0.001)

(Figure 7A–D). To examine whether LRP11 affected

Matrix metalloproteinase (MMP)-2, MMP-9 and vascular

endothelial growth factor (VEGF) at the protein level, we

performed Western blotting. The results showed that most

of the MMP-2, MMP-9 and VEGF were downregulated

with the silencing of LRP11 (Figure 7E and F), and the

difference was statistically significant.

Knockdown of LRP11 suppresses growth

of cervical cancer in vivo
To examine whether the silencing of LRP11 in cervical

carcinoma inhibited tumor growth in vivo, SiHa cells trans-

duced with control plasmid and sh-LRP11 were injected

subcutaneously into athymic nude mice. Tumor volumes

were then measured for 41 days. As shown in Figure 8A

and B, sh-LRP11 tumors grew at a slower rate than did

tumors in the NC group after day 41 (P<0.05). Furthermore,

the average size and weight of sh-LRP11 tumors were

smaller and lighter than in the control groups (P<0.05)

(Figure 8C and D). IHC showed that P16 expression was

lower in the sh-LRP11 group (P<0.05) (Figure 8E and F),

agreeing with the in vitro results.

Discussion
Although the HPV vaccine has been used to prevent cer-

vical cancer, it is marketed in mainland of China for a

short period of time (the bivalent vaccine Cervarix and the

tetravalent vaccine Gardsil were approved in 2016 and

2017 respectively). As a consequent, it is estimated that

it will take at least 20 years to effectively reduce the high

incidence rate of cervical cancer through large-scale vac-

cination, during which a large number of new HPV-

infected patients and cervical cancer patients will appear.

Besides, the screening methods and treatment of cervical

cancer have certain shortcomings, such as the low specifi-

city of HPV testing and the low sensitivity of TCT exam-

ination, so it is especially important to find new targets for

diagnosis and therapy for these cervical cancer patients.

As we all know, a stable cell cycle and its regulation are

critical for normal cervix cells. In theG1 phase of normal cells,

hypophosphorylated retinoblastoma protein (Rb) binds to the

E2F-DP1 transcription factor, and together with HDAC forms

an inhibitory complex that inhibits downstream key transcrip-

tional activities, controlling excessive cell proliferation. When

normal proliferation activities are required, CDK 2-cyclin E

and CDK 4/6-cyclin D work together to deactivate the

dynamic transcriptional complex containing Rb and E2F.23,24

Cervical cancer is primarily caused by persistent HPV infec-

tion, after the oncogene integration of HPV, it produces sub-

stantial amounts E7 oncoprotein. E7 then combines with Rb,

leading to numbers of disorders of cell proliferation and cer-

vical cancer (Figure 9).25–29

Through our bioinformation analysis, we found that

LRP11 expression was elevated in HSIL and cervical

cancer patients and that this correlated with overall
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survival rate. In addition, we found that LRP11 was

positively correlated with CDK 2/4, suggesting that

LRP11 may be related to the cell cycle. Based on

previous report, we also found that in a variety of tumors,

including cervical cancer, breast cancer, prostate cancer,

hepatocellular carcinoma, and retinoblastoma, LRP 5/6/8

Figure 5 Effect of LRP11 on cell viability and cell cycle distribution. (A and B) After 0, 12, 24, 48, 72 h, viabilities of the SiHa and CaSki cell lines were assessed using the

CCK-8 assay. (C and D) Cell cycle distributions of cells transfected with shRNA and their NC groups were assessed by flow cytometry. (E and F) Cell cycle phase

distribution was expressed as the percentage of total cells as shown in C and D. (G and H) After shRNA transfection, the protein expression levels of CDK 2-cyclin E1 and

CDK 4-cyclin D1 were determined and analyzed by Western blotting. *P<0.05, **P<0.01, ***P<0.001 compared with the NC groups.
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could activate the Wnt/β-catenin signaling pathway, lead

to the accelerated cell cycle progression, and eventually

promote the development of cervical cancer.6 Therefore,

it is worth of exploring the carcinogenic effects of LRP11

in cervical cancer.

In the present study, to verify the results of the bioin-

formation analysis, we performed Western blots and IHC,

and the results were consistent. Furthermore, we

measured expression levels of P16, which has been

reported to participate in cell cycle regulation and is

now used for the clinical detection of HSIL in cervical

cancer patients.30–34 We found that LRP11 expression

correlated with cancer differentiation and could be used

as a prognostic marker, an advantage over P16 measure-

ment. Consistent with our results, Hoang’s study also

found that osteosarcoma patients with positive LRP5

Figure 6 Effect of LRP11 on apoptosis. (A) Knockdown of LRP11 by shRNA induced early apoptosis of sh-LRP11 SiHa cells. (B) Knockdown of LRP11 by shRNA induced

no change of apoptosis in CaSki cells. (C and D) Quantification of A and B. (E and F) After shRNA transfection, protein expression levels of cleaved PARP, Bcl-xL and Bax

were analyzed by Western blotting. *P<0.05 compared with the NC groups.
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expression showed a trend on decreased of event-free

survival.5 In vivo experiments, we only performed gene

silencing and did not overexpress the LRP11 in cancer

cell lines, because the expression levels of LRP11 in the

cervical cell lines were all relatively high, and the effect

of interference may be greater. The results of CCK-8 and

flow cytometry assays showed that LRP11 indeed accel-

erated the cell cycle by influencing the expression of

CDK 2-cyclin E and CDK 4-cyclin D, and had little

effect on apoptosis. This is consistent with the effect of

LRP6 in the proliferation of human triple negative breast

cancer (TNBC) cell lines.35 Some scholars speculated

Figure 7 Effect of LRP11 on migration and invasion of SiHa and CaSki cells. (A and B) Silencing LRP11 in SiHa and CaSki cells resulted in decreased migration and invasion.

(C and D) Quantification of the images of A and B. (E and F) Western blotting was performed to identify the protein levels of MMP-2, MMP-9 and VEGF after the silencing

LRP11 in the SiHa and CaSki cells; *P<0.05, **P<0.01, ***P<0.001 compared with the NC groups.
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that the high expression of LRP family members could

help the cancer cells absorb more cholesterol than the

normal cells and provide an extra energy to promote their

uncontrolled growth by accelerating the cell cycles.36,37

Furthermore, the Transwell results showed that LRP11

promoted migration and invasion of cancer cells by reg-

ulating the expression of MMP2, MMP9 and VEGF,

which have been reported to be related to migration and

invasion.38–42 This was similar to the effects of LRP1 in

breast carcinoma.8 Finally, the tumor formation experi-

ment in nude mice demonstrated the tumorigenic poten-

tial of LRP11.

Our study has several limitations: one is the small

number of clinical patients, the other is that we found

LRP11 and P16 had a great correlation in in vivo and in

vitro experimental results. We should perform coimmuno-

precipitation (Co-IP) to confirm their relationship; how-

ever, this experiment needs highly specific monoclonal

antibodies against P16 and LRP11. A monoclonal anti-

body against LRP11 has not been produced yet.

In conclusion, the present study suggested that LRP11

was involved in human HSIL and cervical cancer progres-

sion. Higher expression of LRP11 in cervical cancer tissue

was significantly associated with tumor differentiation and

Figure 8 Effect of LRP11 sh-RNA on tumor growth in vivo. SiHa cells transduced with sh-LRP11 were subcutaneously injected into nude mice. (A and B) Tumor volumes

were measured for 41 days. (C and D) At day 41, nude mice were sacrificed and the tumors were weighed. (E) LRP11 and P16 expression of the tumor in vivo by IHC. (F)
H-Score of LRP11 and P16 in image E. *P<0.05, ***P<0.001 compared with the NC groups.
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poor overall survival. The silencing of LRP11 in cervical

cancer cell lines showed that LRP11 was involved in cell

proliferating, possibly occurring through its effects on the

CDK 2-cyclin E and CDK 4-cyclin D cell cycle pathways

(Figure 9). All these results indicated that LRP11 has great

potential to be used as a prognostic marker and therapy

target for cervical cancer patients.
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