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Glycoprotein asporin as a novel player in tumour microenvironment and cancer 
progression

Dana Simkovaa, Gvantsa Kharaishvilia, Eva Slabakovab, Paul G. Murrayc, Jan Bouchala

Background. Small leucine rich proteoglycans (SLRPs), major non-collagen components of the extracellular matrix 
(ECM), have multiple biological roles with diverse effects. Asporin, a member of the SLRPs class I, competes with other 
molecules in binding to collagen and affects its mineralization. Its role in cancer is only now being elucidated.
Methods. The PubMed online database was used to search relevant reviews and original articles. Furthermore, altered 
asporin expression was analysed in publicly available genome-wide expression data at the Gene Expression Omnibus 
database.
Results. Polymorphisms in the N-terminal polyaspartate domain, which binds calcium, are associated with osteoar-
thritis and prostate cancer. Asporin also promotes the progression of scirrhous gastric cancer where it is required for 
coordinated invasion by cancer associated fibroblasts and cancer cells. Besides the enhanced expression of asporin 
observed in multiple cancer types, such as breast, prostate, gastric, pancreas and colon cancer, tumour suppressive 
effects of asporin were described in triple-negative breast cancer. We also discuss a number of factors modulating 
asporin expression in different cell types relevant for alterations toing the tumour microenvironment.
Conclusion. The apparent contradicting tumour promoting and suppressive effects of asporin require further investiga-
tion. Deciphering the role of asporin and other SLRPs in tumour-stroma interactions is needed for a better understand-
ing of cancer progression and potentially also for novel tumour microenvironment based therapies.  
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INTRODUCTION 

The extracellular matrix (ECM) is a dynamic structure 
providing physical and metabolic support, organisation 
and orientation for tissues1,2 as well as supplying crucial 
elements in cell survival i.e. growth factors, inflammatory 
molecules, and immune soluble mediators3. The ECM 
consists of a plethora of proteins with varying structure 
and function4. Among others, the small leucine rich re-
peat proteoglycan family (SLRPs) constitutes an impor-
tant group of ECM proteins, present in most extracellular 
matrices5.

Small leucine rich repeat proteoglycans comprise 18 
distinct members, subdivided into 5 classes based on 
chromosomal organization, and homology at gene and 
protein level5. The SLRP family is characterized by core 
leucine-rich repeats (LRR), N-terminally localized cyste-
ine clusters and C-terminal ear repeat motif. SLRPs are 
also characterized by the nature of their structural com-
ponents, i.e. conserved protein core and various types of 
attached glycosaminoglycan chains: keratan, chondroitin, 
dermatan sulphate and heparan sulphate6. The crescent 
shape is typical for SLRPs, where due to polarized struc-

ture, β sheets are aligned on the concave surface, while α 
helices form the convex face7.

SLRP class I comprises 5 members: decorin, biglycan, 
asporin (ASPN), extracellular matrix proteins 2 and X. 
Decorin and biglycan are widely studied proteins whose 
roles, structure and function have been reviewed else-
where7-9. ASPN has been intensively studied in bone and 
joint diseases, where it is associated with osteoarthritis, 
invertebral disc disease and hypochondrogenesis10-13.

STRUCTURE AND FUNCTION

Asporin was identified by three research groups in 
2001 (ref.14-16). The gene spans 26 kb on chromosome 
9q22 and comprises 8 exons. ASPN shows amino acid 
identity with decorin (54 %) and biglycan (60%) (ref.17). 
The core region, typical for the whole SLRP family, 
consists of 12 LRRs (ref.14,15). Whereas decorin and bi-
glycan are proteoglycans, defined as proteins with very 
high polysaccharide content, the ASPN molecule is dif-
ferent because it lacks multiple glycosylation regions, 
crucial for glycan attachment; and therefore it is not 
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strictly a proteoglycan. Nevertheless, ASPN is a glyco-
protein due to one N-glycosylation site at ASN 281 and 
a potential O-glycosylation site at Ser 54 (ref.15). Unlike 
decorin or biglycan, ASPN lacks chondroitin or derma-
tan sulphate chains. Instead it carries an aspartic acid 
repeat (D-repeat) unit, whose numbers range from 8 to 
19. Typically, the ASPN molecule has 13 aspartic acid 
repeats. The polymorphic allele with 14 repeats has been 
found to be associated with knee osteoarthritis, which is 
very prevalent in Eastern Asian populations and less so in 
Europeans18-25. Polymorphism in D-repeat length was also 
observed in ankylosing spondylitis and lumbar disc de-
generation in East Asian populations26,27. Another genetic 
polymorphism (intronic rs13301537, between exons 3 and 
4) has been associated with progression of hand osteoar-
thritis in Europeans. However the molecular mechanism 
is unclear28.

A crucial characteristic of ASPN is its ability to bind 
collagens. The aspartic acid rich N-terminal region and 
central part of the ASPN molecule bind type II collagen17 
while collagen I is bound by the central region, LRR10-
12. ASPN significantly inhibited collagen fibrilogenesis 
in vitro in a dose dependent manner29. ASPN competes 
with decorin in binding the same sites and this competi-
tion may have a role in regulating the development of the 
ECM. ASPN N-terminal polyaspartate domain also binds 
calcium, and works in concert with other domains in or-
der to initiate the mineralization of collagen29. Although 
Yamada et al.30 reported ASPN as a negative regulator 
of periodontal ligament mineralization, another group 
recently supported the crucial role of ASPN in collagen 
mineralization during odontogenic differentiation of hu-
man dental pulp stem cells31. Further investigation is 
needed to clarify ASPN functions in different cell types 
and contexts.

ASPORIN EXPRESSION AND ITS REGULATION 
IN NORMAL TISSUES AND NON-CANCER 
DISEASES

Broad screening of ASPN mRNA revealed its expres-
sion in a variety of human tissues with high levels in os-
teoarthritic articular cartilage, aorta, uterus and heart15. 
Moderate expression levels are found in mammary gland 
and small intestine, while no expression was found in the 
central nervous system, spleen and thymus. A similar 
ASPN expression pattern was observed in fetal tissues15. 
It was also demonstrated that ASPN is expressed in the 
periodontal ligament. This is the origin of asporin´s other 
name- PLAP1 (peridontal ligament associated protein 1) 
(ref.16,30). Lee et al.31 demonstrated ASPN expression in hu-
man dental pulp stem cells and its marked up-regulation 
during early odontogenic differentiation. The third group 
which discovered the asporin performed a detailed inves-
tigation using in situ hybridization analysis of sagitally 
sectioned mouse embryos at different stages of develop-
ment14. ASPN expression was prominent in the develop-
ing mouse skeleton, particularly in the perichondrium/
periosteum of cartilage/bone, and was also found in other 

specialized connective tissues such as tendon, sclera of 
the eye, and the connective tissue sheath surrounding 
muscle and dermis. Another study showed that expression 
of ASPN, TGF-β1, and TGF-β3 (transforming factor beta) 
in osteoblasts from subchondral bone and in particular 
osteophytes of osteoarthritic patients was higher than that 
of non-osteoarthritic patients32. High ASPN expression 
was also found in alveolar bone osteoblasts33. The family 
of small leucine rich repeat proteoglycans is commonly 
found in cartilage tissues where ASPN competes with 
other SLRPs in many processes34.

Landmark articles by Ikegawa et al. described an in-
teraction between TGFβ and ASPN in chondrogenesis, 
during which TGFβ induced expression of ASPN while 
recombinant ASPN suppressed TGFβ induction of aggre-
can and collagen type II, markers of chondrogenesis18,35,36. 
ASPN also colocalized with TGFβ1 and blocked its bind-
ing to cell surface receptors of chondrogenic ATDC5 
cells36. Furthermore, ASPN was up-regulated by BMP2 
and 4 (bone morphogenetic protein) and down-regulated 
by FGF2 (fibroblast growth factor) in periodontal liga-
ment cells30. Kalamajski et al.29 drew attention to the fact 
that TGFβ binds to many other matrix proteins, including 
decorin, fibromodulin, and the much more abundant col-
lagen and fibronectin, which questions the physiological 
relevance of asporin as a TGFβ inhibitor. They suggest 
that ASPN directly regulates the initial deposition of 
hydroxyapatite in the collagen gap regions, rather than 
acting secondarily by inhibiting BMP-2 or TGFβ activity.

Up-regulation of ASPN (both mRNA and protein) by 
TGFβ in chondrocytes has also been observed by Duval 
et al.37. On the other hand, ASPN was down-regulated by 
pro-inflammatory cytokines IL-1β (interleukin 1 beta) and 
TNFα (tumour necrosis factor alpha) which are also as-
sociated with osteoarthritis. This paradoxical regulation 
has also been observed for decorin and biglycan whose 
expression is also higher in osteoarthritis37. The transcrip-
tion factor Sp1 up-regulates ASPN expression and is able 
to bind to the ASPN promoter37. Binding sites for the 
HOX-Runx (homeodomain-Runt domain) factors have 
been predicted for asporin, decorin, lumican and biglycan 
in their first intron37. The first intron of ASPN also has a 
putative site for ETS-FKHD-STAT transcription factors 
(erythroblast transformation specific-forkhead-signal 
transducers and activators of transcription) (ref.38). As 
Smads are known to modulate transcription of Runx and 
HOX, whereas IL-1β induces ETS family expression, these 
transcription factors may be modulators of ASPN expres-
sion37. Importantly, IL 1β is secreted by triple-negative 
breast cancer cells and down-regulates ASPN expression 
in cancer-associated fibroblasts (CAFs) (ref.39), see below. 
One of the homeodomain transcription factors, CUX1 
(cut-like homeobox 1; previous symbol CUTL1) has 
been described as a target of TGFβ and as an enhancer 
of breast cancer cell motility and invasiveness40. RNAi 
down-regulation of CUX1 in NIH3T3 mouse fibroblasts 
was associated with profound down-regulation of ASPN 
(among top 20 genes), while other SLRP class II pro-
teoglycans were up-regulated (lumican, fibromodulin and 
PRELP, proline arginine rich end leucine rich repeat pro-
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tein) (ref.41). However, the relationship between CUX1, 
TGFβ and ASPN in breast cancer is not clear as full ge-
nome analysis has not been performed for other cell types. 
ASPN and anti-proliferative IGFBP5 (insulin-like growth 
factor binding protein) were up-regulated by transcription 
factor TonEBP (tonicity-responsive enhancer binding pro-
tein) in mouse embryonic fibroblasts and may be involved 
in renal adaptation to hypertonic stress40. Co-regulation 
of ASPN and IGFBP5 was also observed in alveolar bone 
osteoblasts33.

Schaeffer et al.42 focused on gene expression in the mu-
rine prostate rudiment at three time points during the first 
48 h of exposure to androgen, which initiates proliferation 
and invasion of prostate epithelial buds into surround-
ing urogenital sinus mesenchyme. Seven genes (including 
ASPN and Sox9 transcription factor) were consistently 
up-regulated by androgen at all three time points. On the 
other hand, ASPN mRNA (together with gremlin 1) was 
up-regulated in both benign prostate and cancer, three 
days after castration43. Similarly, ASPN (along with deco-
rin and lumican) was up-regulated following aromatase 
inhibitor treatment in primary breast cancer44.

ASPN has been identified as a putative target of miR-
21, which is frequently up-regulated in different cancers45. 
In this context, Li et al. showed that up-regulation of 
ASPN during osteogenic differentiation of peridontal liga-
ment cells is associated with down-regulation of mir-21 
and mir-101 (ref.46). Other microRNAs that down-regulate 
asporin were identified by microarray analysis in muscle 

fibre development in zebrafish47. Once the final fibre 
number is established, myotube formation is switched off 
and growth involves only an increase in fibre length and 
diameter (hypertrophy). Seven up-regulated miRNAs in 
the hypertrophic phenotype showed reciprocal expression 
with seven mRNA targets identified in miRBase Targets 
Database, including ASPN which was the target of four 
miRNAs (dre-let-7e, dre-miR-155, dre-miR-193a and dre-
miR-365; dre stands for Danio rerio). 

A search of the Gene Expression Omnibus48 revealed 
dramatic down-regulation of ASPN in dermal fibro-
blasts following demethylation treatment with 5-aza-2´-
deoxycytidine (Table 1, Fig 1A, GDS2091) (ref.49). This 
down-regulation is probably due to endothelin-1 up-reg-
ulation, whose intron 1 is highly methylated in dermal 
fibroblasts. Furthermore, endothelin-1 treatment down-
regulated TGFβ2 and 3, which may be connected to the 
decreased ASPN levels in primary mouse dermal fibro-
blasts (Table 1, Fig 1B, GDS1980) (ref.49). Endothelin-1 
is expressed in breast cancer cell lines which are negative 
for ASPN expression (e.g. MDA-MB-231) (ref.50). High 
levels of ASPN mRNA were found in the stroma of in-
vasive ductal breast carcinoma where endothelin-3 was 
down-regulated51. With respect to histone methylation, 
high expression of ASPN was found in alveolar bone os-
teoblasts with high levels of H3K9me3 (ref.33), but global 
loss of H3K9 trimethylation has been observed in several 
cancers52. 

Table 1. Regulation of asporin expression in different conditions and cell types.

Condition Regulation Typex Species* Cell or tissue type Ref.

TGF-beta ↑ Both h chondrocytes 18, 37

BMP2, BMP4 ↑ mRNA h periodontal ligament cells 30

Sp-1 ↑ Both h chondrocytes 37

TonEBP ↑ mRNA m embryonic fibroblasts 41

odontogenic differentiation ↑ Both h dental pulp stem cells 31

aromatase inhibitor ↑ mRNA h breast cancer 44

stiff Alvetex matrix ↑ Both h Hs578T cells and CAFs 65

serum free cultivation ↑ Both h Hs578T breast cancer cells 65

dihydrotestosterone ↑ mRNA m embryonic urogenital sinus 42

castration ↑ mRNA h prostate cancer 43

FGF2, PDGF-BB ↓ mRNA h periodontal ligament cells 30

CUX1 knock-out ↓ mRNA m NIH3T3 fibroblasts 40

miR-21, miR-101 ↓ mRNA h periodontal ligament cells 46

let-7e, miR-155, -193a, -365 ↓ mRNA z hypertrofic skeletal muscle 40

5-aza-2´-deoxycytidin ↓ mRNA m fibroblasts, chondrocytes GDS2091, 49

endothelin-1 ↓ mRNA m dermal fibroblasts GDS1980, 49

IL-1beta, TNF alpha ↓ Both h chondrocytes 37

IL-1beta ↓ Both h breast CAFs 39

BMP4 ↓ Both h Hs578T breast cancer cells 65

x The evidence is provided for asporin regulation both at mRNA and protein levels or at mRNA level only.
* h, human; m, mouse; z, zebra fish
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ASPORIN IN BREAST CANCER

We identified asporin as a novel breast cancer related 
protein by microdissection and expression profiling53. 
It was up-regulated in invasive carcinomas, in particu-
lar lobular tumours, together with other extracellular 
matrix proteins. Higher expression of ASPN in lobular 
(3 patients) compared to ductal cancer (32 patients) 
was also observed in other datasets54. The same group 
combined laser capture microdissection and gene expres-
sion microarrays to analyse 14 patient-matched normal 
breast epithelium, normal stroma, tumour epithelium and 
tumour-associated stroma specimens51. ASPN was up-regu-
lated in both tumour and DCIS (ductal carcinoma in situ) 
stroma in comparison to epithelium. Another study also 
observed enhanced ASPN expression in invasive ductal 
carcinoma55. Importantly, ASPN was ranked among 22 
genes specifically expressed in bone metastases of breast 
cancer56 (without microdissection, samples with more 
than 80% tumour cells were analysed). Bone metastases 
are more frequent in ER/PR (oestrogen receptor/proges-
terone receptor) positive than in triple-negative breast 
cancers57. Hormone therapy with aromatase inhibitors 
up-regulates ASPN (ref.44), which may be important for 

maintenance of residual breast cancer cells after this con-
ventional therapy58.

A search of the Gene Expression Omnibus48, revealed 
high levels of ASPN expression in white adipose-derived 
CD34+ cells in dataset GDS4079 (Fig 1C) (ref.59). This 
study reported human and murine white adipose tissue 
(WAT) as a very rich reservoir of CD45-CD34+ popula-
tions with endothelial differentiation potential, contain-
ing approximately 200 times more CD45-CD34+ cells/mL 
than bone marrow. Compared with bone marrow-derived 
CD34+ cells mobilized in blood by granulocyte colony–
stimulating factor, purified WAT-CD34+ cells expressed 
similar levels of stemness-related genes, significantly in-
creased levels of angiogenesis-related genes, and increased 
levels of fibroblast activation protein alpha, a crucial 
suppressor of anti-tumour immunity in mice60. In vitro, 
WAT-CD34+ cells generated mature endothelial cells and 
capillary tubes as efficiently as mature mesenchymal cells. 
Importantly, the co-injection of human WAT-CD34+ cells 
from lipotransfer procedures contributed to tumour vas-
cularization and significantly increased tumour growth 
and metastases in several orthotopic models of human 
breast cancer in immunodeficient mice. Martin-Padura 
and colleagues emphasized the importance of gaining a 

Fig. 1. A search of the Gene Expression Omnibus revealed modulation of asporin in specific conditions. ASPN was down-
regulated by demethylation (A) or endothelin-1 (B) in a mouse model. Expression of ASPN was higher in human CD34+ 
cells from white adipose tissue obtained by lipotransfer than in those cells obtained from bone marrow by leukapheresis 
(C). ASPN expression was lower in brown adipose tissue (D) or upon FSP27 knock-out in white adipose tissue (E). Please 
refer to the main text for further detail.
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better understanding the role of different WAT-derived 
cells used in lipotransfer for breast reconstruction in pa-
tients with breast cancer. There are higher ASPN mRNA 
levels in white adipose tissue, compared to brown adipose 
tissue (GDS2813, Fig 1D) (ref.61). Diet-induced obese 
mice have higher ASPN expression in WAT than controls 
(GDS3985) (ref.62), while FSP27 (Fat specific protein 27) 
knock-out causes browning of white fat, a healthy meta-
bolic profile and decreased ASPN levels (GDS3768, Fig 
1E) (ref.63,64).

Recently, Maris and colleagues39 described ASPN pro-
tein as a fibroblast-derived TGF-β1 inhibitor and a tumour 
suppressor associated with good prognosis in breast can-
cer. Detailed functional analyses showed that hormone 
receptor positive cell lines induced strong ASPN expres-
sion (both mRNA and protein) in breast fibroblasts, while 
triple-negative breast cancer (TNBC) cells suppressed it. 
Soluble IL-1β, secreted by TNBC cells, was found to be 
responsible for inhibiting ASPN in normal and cancer-
associated fibroblasts. Importantly, induced ASPN ex-
pression in MDA-MB-468 cells significantly reduced their 
growth and metastatic capacity in a murine model39. 

During the publication process of this review, our orig-
inal article on the dual role of asporin in breast cancer 
progression was accepted65. Briefly, according to our in 
silico search, high ASPN expression associated with sig-
nificantly better relapse free survival (RFS) in patients 
with low-grade tumors but RFS was significantly worse in 
patients with grade 3 tumors. We also showed that ASPN 
can be downregulated by bone morphogenetic protein 4 
in Hs578T breast cancer cells while upregulation may 
be facilited by serum-free cultivation or by three dimen-
sional growth in stiff Alvetex scaffold. Downregulation by 
shRNA inhibited invasion of Hs578T, while invasion of 
asporin-negative MDA-MB-231 and BT549 breast cancer 
cells through collagen type I was enhanced by recombi-
nant asporin. Contradictory results on tumour promoting 
and suppressive effects of asporin require further inves-
tigation, in particular with respect to the aspartic acid 
repeat polymorphism (please see below).

GASTRIC, PROSTATE AND OTHER CANCER 
TYPES

The role of asporin in other cancers may be different 
as Satoyoshi et al.66 described its role in the coordinat-
ed invasion of scirrhous gastric cancer cells and CAFs. 
Similarly to hormone-receptor positive breast cancer cells, 
gastric tumour cells induced ASPN expression in CAFs 
that reciprocally stimulated their invasion causing rapid 
spread of the lesion. Mechanistically, ASPN was shown to 
activate Rac1 in both CAFs and cancer cells through an 
interaction with CD44. Up-regulation of ASPN in gastric 
cancer in comparison to paired normal tissue has been 
previously reported by expression profiling67 and has also 
been reported to be expressed by gastric cancer cell lines 
to enhance their oncogenic properties68.

Highly specific and sensitive protein biomarkers mea-
sured in easily accessible samples are critical elements of 

personalized medicine. ASPN belongs to N-glycoproteins 
which can be effectively enriched from serum for pro-
teomic analyses. Accordingly ASPN was identified as a 
candidate serum biomarker by mass spectrometry analysis 
of pancreatic ductal carcinoma tissues69. Another study 
identified 775 N-glycoproteins from sera and prostate 
tissues of wild-type and Pten-null mice. Following bio-
informatic prioritization, targeted proteomics was used 
to detect and quantify 39 human ortholog candidate bio-
markers in the sera of prostate cancer patients and control 
individuals. Together with three other proteins - hypoxia 
up-regulated protein 1, cathepsin D and olfactomedin-4 
- ASPN improved the discrimination of benign prostatic 
hyperplasia from localised prostate cancer70. Klee and col-
leagues71 found ASPN (mRNA and protein) among seven 
biomarkers up-regulated in both the tissues and serum 
of patients with advanced prostate cancer. Up-regulation 
of ASPN was also found in microdissected androgen-in-
dependent prostate cancer cells72 and, similarly to breast 
cancer it was also highly expressed in bone metastases of 
prostate cancer73.

Recently, a large retrospective analysis was performed 
for germline ASPN D-repeat-length polymorphism in 1,600 
men who underwent radical prostatectomy compared to 
548 non-cancer controls74. The homozygosity for the D13 
allele was associated with reduced risk of metastatic dis-
ease after surgery, whereas heterozygosity for ASPN D13/
D14 or homozygosity for ASPN D14 increased the risk 
of metastatic recurrence following surgery. Orthotopic 
xenografts established biological roles for ASPN D14 and 
ASPN D13 variants in metastatic prostate cancer progres-
sion that were consistent with patient-based data.

CONCLUSION

Various ECM components trigger cell responses via 
multiple downstream signalling pathways. Altered ex-
pression of asporin was observed in many cancer types, 
however, contradictory results on its tumour promoting 
and suppressive effects require further investigation. 
Deciphering the role of asporin and other small leucine 
rich proteoglycans in tumour-stroma interactions is need-
ed for a better understanding of cancer progression and 
potentially also for novel tumour microenvironment based 
therapies.
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