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Editorial
The low density Lipoprotein Receptor-related Protein 1 (LRP1) is a 

multifunctional cell surface receptor, which belongs to the Low Density 
Lipoprotein Receptor (LDLR) family. LRP1 is composed of a large 515-
kDa N-terminal subunit linked to a smaller C-terminal 85-kDa subunit. 
The 515-kDa subunit contains most of the LRP1 extracellular portion 
with all the putative ligand-binding domains, while the smaller 85-kDa 
subunit contains the transmembrane and cytoplasmic tail. The LRP1 
cytoplasmic tail contains critical elements for receptor functions, and 
interacts with a set of cytoplasmic adaptor and scaffold proteins [1,2]. 
While Receptor-Associated Protein (RAP) functions intracellularly 
as a molecular chaperone for LRP and facilitates LRP folding and 
trafficking within the secretory pathway, the recombinant form of RAP 
has been used extensively in the study of ligand-receptor interactions 
[3]. At present, a remarkable spectrum of structurally unrelated ligands 
has been identified for LRP1, and several signal transduction pathways 
can be modulated by LRP1 [1,2]. Evidence is accumulating to indicate 
that LRP1 plays an important role in cancer progression.

Studies have demonstrated that low expression of LRP1 is closely 
related to the aggressive phenotype of several types of cancer. It has 
been found that a low level of LRP1 expression was associated with 
aggressiveness and invasiveness in hepatocellular carcinoma [4], and 
that LRP1 was expressed in a decreased fashion in the progression of 
melanocytic tumors [5] and Wilms tumors [6]. Furthermore, LRP1 
mRNA levels were significantly decreased in lung tumors relative 
to nontumorous lung tissue, and lower expression of LRP1 in lung 
adenocarcinomas correlated with less favorable clinical outcome in a 
cohort of 439 patients [7]. 

In apparent contradiction to the reports described above, LRP1 
overexpression has been reported in several other types of cancer 
including breast carcinoma [8,9], endometrial carcinomas [10], 
prostate cancer [11] and glioblastoma [12-14]. For example, LRP was 
overexpressed in malignant astrocytomas, especially in glioblastomas, 
and the increased expression of LRP appears to correlate with the 
expression of urokinase receptor (uPAR) and the malignancy of 
astrocytomas [13]. LRP 1 expression was also associated with triple-
negative and Her-2/neu breast carcinomas but not with hormone-
dependent carcinomas, and increased LRP-1 expression was related to 
proliferation and invasiveness in Her-2/neu and triple-negative breast 
carcinoma [8].

LRP1 internalizes over 40 different ligands, interacts with 
numerous cytoplasmic adaptor and scaffold proteins and modulates 
the activity of other transmembrane receptors [1,2]. Therefore, the 
predominant effect of LRP1 on cell-signaling and cell migration and 
invasion in different types of cancer cells may be associated with 
the abundance of LRP1 and with the availability of LRP1 ligands, 
cytoplasmic proteins and other transmembrane receptors interacting 
with LRP1. Knockdown or deletion of LRP1 decreased the migration 
and/or invasion of glioblastoma cells [14,15], lung cancer cells [15], 
and thyroid carcinoma cells [16,17]. Consistently, functional blocking 
of LRP1 by RAP, LRP1 antibody or its ligand α2-macroglobulin 
inhibited the migration and/or invasion of breast cancer cells [9,18], 
glioblastoma cells [15,19] and lung cancer cells [15]. Conversely, 

knockdown or deletion of LRP1 increased the migration and invasion 
of fibrosarcoma cells [20] and hepatocellular carcinoma cells [4], and 
neutralization of LRP1 function increased the migration and invasion 
of fibrosarcoma cells [20], hepatocellular carcinoma cells [4] and 
thyroid carcinoma cells [21]. In vivo, knockdown of LRP1 inhibited 
the development and growth of pulmonary metastases of breast cancer 
cells [22,23], but promoted pulmonary and intrahepatic metastases of 
hepatocellular carcinoma cells [4].

The mechanisms by which LRP1 mediate inhibitory effects on 
tumor initiation and progression remain largely unknown, however, 
it appears that LRP1 oncogenic effects are mediated through urokinase 
receptor system [24], Protease Nexin-1 (PN-1) [25], midkine [26], 
pro-cathepsin D [27] and secreted Heat shock protein 90 (Hsp90) 
[14,23]. While LRP1-mediated urokinase receptor signaling and 
matrix metalloproteinase activity are critical for tumor invasion and 
metastasis, recent studies indicate that Hsp90 is another important 
player in LRP1-mediated tumor invasion and metastasis. Hsp90 is a 
molecular chaperone that is required for the correct folding, stability 
and function of a range of oncoproteins. Hsp90 is increased in many 
solid tumors and haematological malignancies. Recently, a pool of 
Hsp90 has been identified at the cell surface, where it was shown to be 
involved in cancer cell invasion [28]. Secreted HSP90 was identified 
as a ligand for LRP1 [29,30]. More recently, Cheng et al. revealed a 
dual role for secreted Hsp90 in transducing signaling via LRP1, and 
in facilitating LRP1 co-receptor function for the receptor tyrosine 
kinase EphA2 [14]. Hsp90/LRP1 signaling facilitates EphA2 dependent 
glioblastoma cell invasion [14]. Likewise, Sahu et al. reported that 
inhibition of Hsp90 secretion, neutralization of secreted Hsp90 action, 
or removal of the cell surface LRP1 receptor for secreted Hsp90 reduces 
breast cancer cell invasion in vitro and lung colonization and tumor 
formation in nude mice [23]. 

In summary, as a multifunctional cell surface receptor, LRP1 can 
internalize diverse biological ligands and regulate many signaling 
pathways. LRP1 could have a cancer type-specific and patient-specific 
role that is critical in cancer progression. More in-depth studies in the 
future will be necessary to improve our understanding of how LRP1 
regulates cancer development and progression and may provide insight 
into developing novel strategies against malignancies.

References

1. Herz J, Strickland DK (2001) LRP: a multifunctional scavenger and signaling 
receptor. J Clin Invest 108: 779-784.

*Corresponding author: Yonghe Li, Department of Biochemistry and Molecular 
Biology, Drug Discovery Division, Southern Research Institute, 2000 Ninth Avenue 
South, Birmingham, AL 35255-530, USA, Tel: 205-581-2750; Fax: 205-581-2093; 
E-mail: y.li@southernresearch.org

Received April 27, 2012; Accepted April 28, 2012; Published April 30, 2012

Citation: Li Y, Reynolds RC (2012) LRP1: A Tumor and Metastasis Promoter or 
Suppressor? Biochem Pharmacol 1:e121. doi:10.4172/2167-0501.1000e121

Copyright: © 2012 Li Y, et al. This is an open-access article distributed under the 
terms of the Creative Commons Attribution License, which permits unrestricted 
use, distribution, and reproduction in any medium, provided the original author and 
source are credited.

LRP1: A Tumor and Metastasis Promoter or Suppressor?
Yonghe Li* and Robert C. Reynolds
Drug Discovery Division, Southern Research Institute, Birmingham, AL 35255, USA

Bioc
he

m
is

try
 &

Pharmacology: Open Access

ISSN: 2167-0501

Biochemistry & Pharmacology: Open
Access

http://www.ncbi.nlm.nih.gov/pubmed/11560943


Citation: Li Y, Reynolds RC (2012) LRP1: A Tumor and Metastasis Promoter or Suppressor? Biochem Pharmacol 1:e121. doi:10.4172/2167-
0501.1000e121

Page 2 of 2

Volume 1 • Issue 4 • 1000e121
Biochem Pharmacol
ISSN:2167-0501 BCPC, an open access journal 

2. Dedieu S, Langlois B (2008) LRP-1: a new modulator of cytoskeleton dynamics 
and adhesive complex turnover in cancer cells. Cell Adh Migr 2: 77-80.

3. Bu G (2001) The roles of receptor-associated protein (RAP) as a molecular 
chaperone for members of the LDL receptor family. Int Rev Cytol 209: 79-116.

4. Huang XY, Shi GM, Devbhandari RP, Ke AW, Wang Y, et al. (2012) Low level 
of low-density lipoprotein receptor-related protein 1 predicts an unfavorable 
prognosis of hepatocellular carcinoma after curative resection. PLoS One 7: 
e32775.

5. de Vries TJ, Verheijen JH, de Bart ACW, Weidle UH, Ruiter DJ, et al. (1996) 
Decreased expression of both the low-density lipoprotein receptor-related 
protein/a2-macroglobulin receptor and its receptor-associated protein in late 
stages of cutaneous melanocytic tumor progression. Cancer Res 56:1432-
1439. 

6. Desrosiers RR, Rivard ME, Grundy PE, Annabi B (2006) Decrease in LDL 
receptor-related protein expression and function correlates with advanced 
stages of Wilms tumors. Pediatr Blood Cancer 46: 40-49.

7. Meng H, Chen G, Zhang X, Wang Z, Thomas DG, et al. (2011) Stromal LRP1 
in lung adenocarcinoma predicts clinical outcome. Clin Cancer Res 17: 2426-
2433.

8. Catasus L, Gallardo A, Llorente-Cortes V, Escuin D, Munoz J, et al. (2011) Low-
density lipoprotein receptor-related protein 1 is associated with proliferation 
and invasiveness in Her-2/neu and triple-negative breast carcinomas. Hum 
Pathol 42: 1581-1588.

9. Li Y, Wood N, Grimsley P, Yellowlees D, Donnelly PK (1998) In vitro invasiveness 
of human breast cancer cells is promoted by low density lipoprotein receptor-
related protein. Invasion Metastasis 18: 240-251.

10.	Catasus L, Llorente-Cortes V, Cuatrecasas M, Pons C, Espinosa I, et al. 
(2011) Low-density lipoprotein receptor-related protein 1 (LRP-1) is associated 
with highgrade, advanced stage and p53 and p16 alterations in endometrial 
carcinomas. Histopathology 59: 567-571.

11. McGarvey T, Hussain MM, Stearns ME (1996) In situ hybridization studies 
of alpha 2-macroglobulin receptor and receptor-associated protein in human 
prostate carcinoma. Prostate 28: 311-317.

12.	Lopes MB, Bogaev CA, Gonias SL, VandenBerg SR (1994) Expression of 
alpha 2-macroglobulin receptor/low density lipoprotein receptor-related protein 
is increased in reactive and neoplastic glial cells. FEBS Lett 338: 301-305.

13.	Yamamoto M, Ikeda K, Ohshima K, Tsugu H, Kimura H, et al. (1997) Increased 
expression of low density lipoprotein receptor-related protein/alpha2-
macroglobulin receptor in human malignant astrocytomas. Cancer Res 57: 
2799-2805.

14.	Gopal U, Bohonowych JE, Lema-Tome C, Liu A, Garrett-Mayer E, et al. (2011) 
A novel extracellular Hsp90 mediated co-receptor function for LRP1 regulates 
EphA2 dependent glioblastoma cell invasion. PLoS One 6: e17649.

15.	Song H, Li Y, Lee J, Schwartz AL, Bu G (2009) Low-density lipoprotein receptor-
related protein 1 promotes cancer cell migration and invasion by inducing the 
expression of matrix metalloproteinases 2 and 9. Cancer Res 69: 879-886.

16.	Dedieu S, Langlois B, Devy J, Sid B, Henriet P, et al. (2008) LRP-1 silencing 

prevents malignant cell invasion despite increased pericellular proteolytic 
activities. Mol Cell Biol 28: 2980-2995.

17.	Langlois B, Perrot G, Schneider C, Henriet P, Emonard H, et al. (2010) LRP-1 
promotes cancer cell invasion by supporting ERK and inhibiting JNK signaling 
pathways. PLoS One 5: e11584.

18.	Chazaud B, Ricoux R, Christov C, Plonquet A, Gherardi RK, et al. (2002) 
Promigratory effect of plasminogen activator inhibitor-1 on invasive breast 
cancer cell populations. Am J Pathol 160: 237-246.

19.	Lindner I, Hemdan NY, Buchold M, Huse K, Bigl M, et al. (2010) Alpha2-
Macroglobulin inhibits the malignant properties of astrocytoma cells by 
impeding beta-catenin signaling. Cancer Res 70: 277-287 

20.	Webb DJ, Nguyen DH, Gonias SL (2000) Extracellular signal-regulated kinase 
functions in the urokinase receptor-dependent pathway by which neutralization 
of low density lipoprotein receptor-related protein promotes fibrosarcoma cell 
migration and matrigel invasion. J Cell Sci 113: 123-134.

21.	Sid B, Dedieu S, Delorme N, Sartelet H, Rath GM, et al. (2006) Human thyroid 
carcinoma cell invasion is controlled by the low density lipoprotein receptor-
related protein-mediated clearance of urokinase plasminogen activator. Int J 
Biochem Cell Biol 38: 1729-1740.

22.	Montel V, Gaultier A, Lester RD, Campana WM, Gonias SL (2007) The low-
density lipoprotein receptor-related protein regulates cancer cell survival and 
metastasis development. Cancer Res 67: 9817-9824.

23.	Sahu D, Zhao Z, Tsen F, Cheng CF, Park R, et al. (2012) A potentially common 
peptide target in secreted heat shock protein-90α for hypoxia-inducible factor-
1α-positive tumors. Mol Biol Cell 23: 602-613.

24.	Gonias SL, Gaultier A, Jo M (2011) Regulation of the urokinase receptor (uPAR) 
by LDL receptor-related protein-1 (LRP1). Curr Pharm Des 17: 1962-1969.

25.	Fayard B, Bianchi F, Dey J, Moreno E, Djaffer S, et al. (2009) The serine 
protease inhibitor protease nexin-1 controls mammary cancer metastasis 
through LRP-1-mediated MMP-9 expression. Cancer Res 69: 5690-5698.

26.	Chen S, Bu G, Takei Y, Sakamoto K, Ikematsu S, et al. (2007) Midkine and LDL-
receptor-related protein 1 contribute to the anchorage-independent cell growth 
of cancer cells. J Cell Sci 120: 4009-4015.

27.	Beaujouin M, Prebois C, Derocq D, Laurent-Matha V, Masson O, et al. (2010) 
Pro-cathepsin D interacts with the extracellular domain of the beta chain of 
LRP1 and promotes LRP1-dependent fibroblast outgrowth. J Cell Sci 123: 
3336-3346.

28.	Sidera K, Patsavoudi E (2008) Extracellular HSP90: conquering the cell 
surface. Cell Cycle 7: 1564-1568.

29.	Cheng CF, Fan J, Fedesco M, Guan S, Li Y, et al. (2008) Transforming growth 
factor alpha (TGFalpha)-stimulated secretion of HSP90alpha: using the 
receptor LRP-1/CD91 to promote human skin cell migration against a TGFß-
rich environment during wound healing. Mol Cell Biol 28: 3344-3358. 

30.	Woodley DT, Fan J, Cheng CF, Li Y, Chen M, et al. (2009) Participation of 
the lipoprotein receptor LRP1 in hypoxia-HSP90alpha autocrine signaling to 
promote keratinocyte migration. J Cell Sci 122: 1495-1498.

http://www.ncbi.nlm.nih.gov/pubmed/19271352
http://www.ncbi.nlm.nih.gov/pubmed/11580203
http://www.ncbi.nlm.nih.gov/pubmed/22427881
http://cancerres.aacrjournals.org/content/56/6/1432.short
http://www.ncbi.nlm.nih.gov/pubmed/16106426
http://www.ncbi.nlm.nih.gov/pubmed/21325077
http://www.ncbi.nlm.nih.gov/pubmed/21496869
http://www.ncbi.nlm.nih.gov/pubmed/10729769
http://www.ncbi.nlm.nih.gov/pubmed/22034896
http://www.ncbi.nlm.nih.gov/pubmed/8610058
http://www.ncbi.nlm.nih.gov/pubmed/8307199
http://www.ncbi.nlm.nih.gov/pubmed/9205092
http://www.ncbi.nlm.nih.gov/pubmed/21408136
http://www.ncbi.nlm.nih.gov/pubmed/19176371
http://www.ncbi.nlm.nih.gov/pubmed/18316405
http://www.ncbi.nlm.nih.gov/pubmed/18316405
http://www.ncbi.nlm.nih.gov/pubmed/20644732
http://www.ncbi.nlm.nih.gov/pubmed/11786417
http://www.ncbi.nlm.nih.gov/pubmed/10591631
http://www.ncbi.nlm.nih.gov/pubmed/16807059
http://www.ncbi.nlm.nih.gov/pubmed/17942912
http://www.ncbi.nlm.nih.gov/pubmed/22190738
http://www.ncbi.nlm.nih.gov/pubmed/21711236
http://www.ncbi.nlm.nih.gov/pubmed/19584287
http://www.ncbi.nlm.nih.gov/pubmed/17971413
http://www.ncbi.nlm.nih.gov/pubmed/20826454
http://www.ncbi.nlm.nih.gov/pubmed/18469526
http://www.ncbi.nlm.nih.gov/pubmed/19383717
http://www.ncbi.nlm.nih.gov/pubmed/20048078
http://www.ncbi.nlm.nih.gov/pubmed/18332123

	Title

	Corresponding author
	Editorial
	References



