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Secreted protein acidic and rich in cysteine (SPARC) induces 
lipotoxicity in neuroblastoma by regulating transport of albumin 
complexed with fatty acids
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ABSTRACT

SPARC is a matrix protein that mediates interactions between cells and the 
microenvironment. In cancer, SPARC may either promote or inhibit tumor growth 
depending upon the tumor type. In neuroblastoma, SPARC is expressed in the 
stromal Schwannian cells and functions as a tumor suppressor. Here, we developed 
a novel in vivo model of stroma-rich neuroblastoma using non-tumorigenic SHEP 
cells with modulated levels of SPARC, mixed with tumorigenic KCNR cells. Tumors 
with stroma-derived SPARC displayed suppressed growth, inhibited angiogenesis and 
increased lipid accumulation. Based on the described chaperone function of SPARC, 
we hypothesized that SPARC binds albumin complexed with fatty acids and transports 
them to tumors. We show that SPARC binds albumin with Kd=18.9±2.3 uM, and 
enhances endothelial cell internalization and transendothelial transport of albumin in 
vitro. We also demonstrate that lipids induce toxicity in neuroblastoma cells and show 
that lipotoxicity is increased when cells are cultured in hypoxic conditions. Studies 
investigating the therapeutic potential of SPARC are warranted.

INTRODUCTION

Neuroblastoma is notable for its broad spectrum of 
clinical behavior. Although excellent survival rates are 
observed in patients with low- or intermediate-risk disease, 
less than 50% of children with high-risk neuroblastoma 
are cured with current treatment approaches [1, 2]. Tumor 
histology is associated with survival, and favorable 
outcomes are observed in patients with neuroblastoma 
tumors that have abundant Schwannian stroma [3]. We 
previously reported that stroma-rich neuroblastoma tumors 
have decreased vascular density compared to stroma-poor 
tumors [4]. We have shown that Schwann cells produce 
Secreted Protein Acidic and Rich in Cysteine (SPARC), 
an extracellular matrix protein with anti-angiogenic 
activity [5]. We have also synthesized and tested SPARC 
peptides that structurally correspond to the follistatin 
domain of the protein and showed that they have potent 
anti-neuroblastoma activity [6, 7]. SPARC has also been 
shown to function as a tumor suppressor in other types of 

cancer, although its role in tumor pathogenesis appears to 
be context and cell-type dependent [8].

SPARC regulates the assembly, organization, and 
remodeling of the extracellular matrix (ECM), in part 
by functioning as an extracellular chaperone, binding 
components of the ECM and facilitating transport from 
the extracellular to the intracellular space [9]. In this 
study, we investigated the effects of stroma-derived 
SPARC on tumor growth using a novel neuroblastoma 
model that mimics stroma-rich neuroblastoma tumors. 
As expected, we found that tumors with high-levels 
of stroma-derived SPARC exhibited decreased tumor 
growth and inhibited angiogenesis. In addition, we 
detected a significant accumulation of lipids in the 
tumors. SPARC is known to influence fat metabolism 
in other systems. In Drosophila, inactivation of SPARC 
causes lethal malformation of the fat body [10] and 
SPARC knock-down mice have increased numbers 
of adipocytes and larger adipose tissue pads [11, 12]. 
Further, serum levels of SPARC correlate with Body 
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albumin interact in a concentration-dependent manner 
(Figure 4A). Surface Plasmon Resonance (SPR) analysis 
with histidine-tagged SPARC immobilized on a solid 
support demonstrated that SPARC binds albumin with 
a Kd=18.9±2.3 uM (Figure 4B). With the normal serum 
concentration of albumin in the range of 500-750 uM, 
this affinity is sufficient for a strong interaction between 
SPARC and albumin. Both human and bovine serum 
albumin (BSA) bound SPARC with similar affinity 

(data not shown), and all subsequent experiments were 
conducted with BSA.

SPARC enhances internalization and 
transendothelial transport of albumin in 
endothelial cells

To deliver FA from the intravascular space to target 
tissues, albumin is transported through the endothelial 

Figure 1: Inhibition of SPARC expression with shRNA. A. SPARC shRNA vector was transfected into non-tumorigenic 
neuroblastoma SHEP cells, which express high levels of SPARC (shSHEP). Control SHEP cells were transfected with empty vector 
(control vcSHEP). SPARC expression was minimal to undetectable by Western blot analyses in the shSHEP clones. The level of SPARC 
expression in vcSHEP cells were similar to the parental SHEP cell line. B. shRNA inhibition of SPARC did not affect proliferation of 
SHEP cells. The proliferation rates of shSHEP clones, control vcSHEP, and parental SHEP cells were the same. C. Conditioned media 
from parental SHEP and vcSHEP cells potently inhibited endothelial cell migration towards bFGF in vitro. Conditioned media from the 
shSHEP cells lacked the ability to block migration towards bFGF and was stimulatory in the absence of activator. D. Conditioned media 
from the parental SHEP and vcSHEP cells strongly induced endothelial cell apoptosis in vitro. shRNA inhibition of SPARC expression in 
the shSHEP cells blocked the ability of conditioned media to induce endothelial cell death. Data are shown as average for four clones ±SD.

Figure 2: Experimental model of stroma-rich neuroblastoma. A. Western blot shows that SPARC secretion is higher in 
less tumorigenic neuroblastoma cell lines. Conditioned media from Schwann cells is shown for comparison. Schwannian stroma-rich 
neuroblastoma tumors were modeled by injecting nude mice with a mixture of highly tumorigenic, highly angiogenic KCNR cells which 
express no SPARC. Stromal component was represented by SHEP cells with modulated SPARC expression, which are anti-angiogenic, 
non-tumorigenic and express high levels of SPARC. B, C. Three weeks following inoculation, large tumors developed in animals injected 
with KCNR alone or with mixture of KCNR and shSHEP cells, which express no SPARC. In contrast, tumors in mice injected with a 
mixture of KCNR and control vcSHEP cells, which express normal levels of SPARC, were significantly smaller.
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cell monolayer by transcytosis [20]. We previously 
demonstrated that SPARC functions as a chaperone for 
collagen I by directing its internalization into fibroblasts 
[9]. To investigate if SPARC serves the same function 
for albumin, we evaluated protein internalization in 
endothelial cells using green AF488 albumin and red 
AF594 SPARC. As shown in Figure 5A, significant co-
localization of red and green fluorescence was seen in the 

intracellular vesicles in endothelial cells. Western blot 
analysis demonstrated that endothelial cells internalize 
exogenously added albumin in a time-dependent manner, 
with equilibrium observed in 10-30 min. (Figure 5B and 
5C). In combination with SPARC, the rate of albumin 
internalization was significantly increased, especially 
in the first two minutes (Figure 5D). We further tested 
whether SPARC also increases transendothelial transport 

Figure 3: Histology of KCNR/SHEP tumors. Inhibition of SPARC with shRNA suggests its role in angiogenesis, and lipid 
metabolism. A. Tumors from animals injected with KCNR alone or KCNR/shSHEP with down-regulated SPARC, were highly saturated 
with red blood cells. Control tumors from mice injected with the mixture of KCNR/vcSHEP, contained fewer red blood cells than KCNR 
alone or KCNR mixed with shSHEP tumors. Staining with CD31 shows increased angiogenesis and abnormal vessel morphology in tumors 
without SPARC expression. Magnification 400x. B. For quantification, endothelial cells were labeled with red fluorescent anti-CD31 
antibody and pericytes were visualized with green anti-α-SMA antibody (also shown in panel A). The red blood vessel area was low in 
the tumors containing KCNR and vcSHEP cells. Anti-angiogenic properties of these cells were voided by shRNA inhibition of SPARC 
expression. In addition, pericyte coverage was increased in the presence of SPARC. C. Large number of droplets (shown by arrows) with 
deposited lipids was present in KCNR/vcSHEP tumors which express SPARC, compared to SPARC-negative KCNR and KCNR/shSHEP 
tumors (top panel). Similarly, increased deposition of lipids was apparent in HEK293 xenografts with overexpressed SPARC, compared to 
the SPARC-negative wild-type and empty vector-transfected HEK293 (lower panel), described in our previous studies [25, 40]. All panels 
show enlarged portion of H&E image at x400 magnification. D. Quantification of lipids in tumor tissues shows significant increase in free 
FA and TG in SPARC-expressing tumors (p<001).
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of albumin. Using a Transwell assay, we found that 
transport of albumin through the endothelial monolayer 
was time-dependent, and significantly increased in the 
presence of SPARC (Figure 5E and 5F). The high rate of 
albumin internalization in the first minutes of treatment 
may have especially significant impact in the dynamic 
conditions of blood flow, substantially increasing 
transendothelial transport.

Lipotoxicity in neuroblastoma tumors

It has been demonstrated that FA may be toxic 
to cancer cells [26], and accumulation of TG in lipid 
droplets is a protective mechanism against lipotoxicity 
[27]. We tested the toxicity of palmitic acid in nine 
neuroblastoma cell lines. Because β-oxidation of FA 
depends on an oxidative potential that may be limited 

Figure 4: Analysis of SPARC/albumin interaction. A. Indicated amounts of SPARC and albumin were immunoprecipitated with anti-
SPARC antibody. SPARC-bound albumin was detected with anti-AF488 antibody. B. Histidine-tagged recombinant SPARC was used in SPR 
analysis as a ligand on an NTA sensor with indicated concentrations of BSA used as an analyte. Determined binding Kd was 18.9±2.3 uM.

Figure 5: SPARC enhances internalization and transcytosis of albumin. A. Red AF594 SPARC and green AF488 albumin were 
added to HUVEC cells, both proteins were internalized and co-localized inside the endothelial cells. B. HUVEC cells were treated with 
AF488 albumin alone or with SPARC as indicated. Internalization of exogenously added albumin was probed by Western blot with anti-
AF488 antibody. Significant enhancement of albumin internalization was apparent within 1 minute of the treatment. C. Image quantification 
of albumin internalization. D. Combined data from several short-and long-term treatment experiments show that the rate of albumin 
internalization is increased by SPARC in the first 2 minutes. E. AF488 albumin added to the upper chambers of Transwell inserts with a 
HUVEC monolayer with and without SPARC. Transcytosed albumin was sampled from the bottom chamber at the indicated time points 
and detected by Western blot with AF488 antibody. F. Quantification of transcytosis by measuring the amounts of transcytosed albumin in 
the bottom chamber by Western blot.


