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Abstract. Previous studies have shown that the human 
SPARC‑like 1 (SPARCL1) is crucial for human cancer 
migration and invasion. In the present study, the expres-
sion, biological function and possible molecular regulatory 
mechanisms of SPARCL1 were investigated in human renal 
cell carcinoma (RCC). The protein expression of SPARCL1 
in cells was evaluated using western blot analysis and 
immunohistochemical staining in the tissue microarray. The 
effects of SPARCL1 on the biological behaviors of RCC 
cells were assessed using in vitro assays. The present study 
also provisionally investigated the role of SPARCL1 on the 
mitogen‑activated protein kinase (MAPK) signaling pathway. 
The results revealed that the expression of SPARCL1 was 
decreased in the RCC cell lines examined and in the tissue 
microarray. The overexpression of SPARCL1 significantly 
inhibited cell migration and invasion, and this may have 
been due to the inactivation of p38/c‑Jun N‑terminal kinase 
(JNK)/extracellular signal‑regulated kinase (ERK) MAPKs. 
The results showed that high expression levels of SPARCL1 
offered potential as a useful prognostic factor in RCC. Taken 
together, the present study demonstrated that the expression 
of SPARCL1 was downregulated in RCC cells and tissues, 
however, the overexpression of SPARCL1 inhibited RCC cell 
migration and invasion. SPARCL1 also reduced the expres-
sion of phosphorylated p38/JNK/ERK MAPKs. These data 
suggested that increasing the protein expression level of 
SPARCL1 may be novel strategy for treating RCC.

Introduction

Renal cell carcinoma (RCC) accounts for 90% of renal malig-
nancies and 2‑3% of cases of cancer in adults worldwide (1,2), 
the incidence of which has been increasing at a rate of 2% 
per year. RCC is usually asymptomatic, with a 5‑year survival 
rate of >90% for stage I disease and of 20‑30% for stage IV 
disease (2,3). RCC is resistant to conventional chemotherapy 
and radiation. The 2004 World Health Organization classified 
RCC into multiple morphological subtypes: Clear cell RCC, 
papillary RCC, chromophobe RCC, collecting duct RCC and 
unclassified forms, which account for 80, 10‑15, 5, 1 and 2% of 
cases, respectively (1,4).

SPARCL1, also known as MAST9 or hevin, is a member of 
the SPARC protein family (5). The SPARC family of proteins, 
includes SPARC, testicans  (5), tsc36  (6) and QR1  (7,8). 
SPARCL1 is downregulated in several types of cancer. In 
cases of colorectal (9), prostate (10‑14), urinary bladder (15), 
lung (13) and pancreatic cancer (16), SPARCL1 is expressed at 
low levels. Several studies have demonstrated that SPARCL1 
reduces cell proliferation, anchorage‑independent growth, 
migration and invasion in vitro (5,8,9,13) and in vivo (17,18), 
suggesting that SPARCL1 may function as a tumor suppressor. 
However, whether SPARCL1 contributes to the progression of 
RCC remains to be elucidated.

In the present study, it was found that SPARCL1 was down-
regulated in human RCC tissues compared with para‑carcinoma 
tissues. When SPARCL1 was overexpressed in RCC cell lines, it 
was confirmed that SPARCL1 reduced RCC cell migration and 
invasion, but did not affect growth. Mitogen‑activated protein 
kinase (MAPK) signaling is important in human RCC (19‑22). 
The results of the present study showed that SPARCL1 inhibited 
the expression of phosphorylated p38/c‑Jun N‑terminal kinase 
(JNK)/extracellular signal‑regulated kinase (ERK) MAPKs, 
suggesting that SPARCL1 suppressed RCC cell migration 
and invasion via the inactivation of p38/JNK/ERK MAPKs. 
Therefore, targeting SPARCL1 may provide an applicable 
approach for treating RCC.

Materials and methods

Cells and media. The Caki‑1, 768‑p, ACTH and HKC cell lines 
were purchased from the Cell Bank of the Shanghai Institute 
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for Biological Science (Shanghai, China). The cells were 
cultured in Dulbecco's modified Eagle's medium (DMEM), 
respectively, supplemented with 10% fetal bovine serum (FBS, 
Gibco; Thermo Fisher Scientific, Inc., Waltham, MA, USA) at 
37˚C and 5% CO2.

Tissue microarrays. The RCC tissue microarray, purchased 
from Wuhan Boster Biological Technology Co., Ltd. (Wuhan, 
China) was used for the immunohistochemical analysis of 
the expression of SPARCL1. RCC and para‑carcinoma tissue 
samples have different clinicopathological characteristics 
including age, gender, tumor volume, Fuhrman classification, 
pathological tumor stage (pT), pathological lymph node stage 
(pN), pathological distant metastasis (pM) and pathological 
tumor‑node‑metastasis (pTNM) classification.

SPARCL1 vector construction. The HKC human kidney 
cells were cultured and collected, then RNA was extracted 
using TRIzol (Invitrogen; Thermo Fisher Scientific, Inc.). 
Random primers were used to develop the first strand of 
cDNA. The 5'region of the SPARCL1 gene was isolated 
using primer pairs cDNA3.1(‑)hSPARCL1‑NF/cDNA3.1(‑)
hSPARCL1‑SOE‑R following denaturation at 98˚C for 
2 min, 36 cycles of 98˚C for 10 sec, 52˚C for 30 sec, 72˚C 
for 90  sec, and post‑elongation for 10  min at 72˚C. The 
mixture comprised 1X PCR buffer, 0.2 mM dNTPs, 0.2 µM 
each primer, 2 units of Primer STAR HS DNA polymerase 
(cat. no. DR044A; Takara Bio, Inc., Otsu, Japan) and sterile 
distilled water. Similarly, the intact 3'region was isolated 
using cDNA3.1(‑)hSPARCL1‑SOE‑F/hSPARCL1‑3'UTR‑R 
a n d  c D NA 3.1(‑) h S PA RC L1‑ S O E ‑ F /c D NA 3.1(‑)
hSPARCL1‑EcoRI‑R successively. The full coding region 
of SPARCL1 was established by splicing overlap extension 
PCR with the cDNA3.1(‑)hSPARCL1‑XhoI‑F/cDNA3.1(‑)
hSPARCL1‑EcoRI‑R primer pairs. Terminally, the SPARCL1 
gene was directly cloned into the pcDNA3.1 (‑) vector via the 
XhoI and EcoRI sites. The sequences of the primer pairs are 
listed in Table I.

SPARCL1 transfection. When the confluence of cells reached 
~50‑70%, the RCC cells (AHCK, Caki‑1 and 769‑p), which 
were cultured in DMEM supplemented with 10% FCS at 
37˚C in a 5% CO2 cell culture incubator, were transfected 
with the pcDNA3.1 (‑)SPARCL1 and control vectors using 
Lipofectamine 2000 (Invitrogen; Thermo Fisher Scientific, 
Inc., Waltham, MA, USA) according to the manufacturer's 
protocol. The transfected cells were cultured in DMEM 
supplemented with 10% FBS at 37˚C in 5% CO2 for 48 h, and 
then harvested for analysis. The expression of SPARCL1 was 
detected using western blot analysis, and in vitro migration 
and invasion assays were also performed.

Cell viability assays. The cells were seeded in 96‑well plates 
at a concentration of 5,000 cells/well, and cell viability were 
determined using an MTT assay at 48 or 72 h according to 
routine procedures.

Wound‑healing assay. Cell migration was assessed using 
a classic wound‑healing assay. The RCC cells were seeded 
in 6‑well plates at a concentration of 5x105 cells/well, and 

transfected following attachment. Following transfection for 
4‑6 h, a wound was introduced via a scratch on the monolayer 
of cells using a 20‑µl pipette tip, following which the cells were 
washed with PBS twice to remove non‑adherent cells. Images 
(magnification, x100) of the regions were captured using a 
photomicroscope at several time points (0, 24, 36 and 48 h).

Transwell invasion assay. For the invasion assay, the upper 
Transwell chamber was precoated with Matrigel (BD 
Biosciences, Franklin Lakes, NJ, USA) according to the 
manufacturer's protocol. At 48 h post‑transfection, the cells 
were harvested, counted and suspended in serum‑free DMEM. 
Subsequently, 1x105 cells in 100 µl medium were added to the 
upper chamber. Medium containing 10% FBS was added to 
the lower chamber as a chemoattractant. Following incubation 
at 37˚C for 24 h, the cells in the chambers were fixed with 4% 
paraformaldehyde for 20 min, following which 0.1% crystal 
violet solution was added for 15 min, and then immersed in 
phosphate‑buffered saline (PBS) for 20 min. Finally, the cells 
in the lower chamber were counted under an inverted micro-
scope. The cell numbers in five randomly selected fields of 
view were counted (magnification, x100).

Immunohistochemistry. Tissue microarray sections (5‑µm) of 
the formalin‑fixed and paraffin‑embedded specimens were 
deparaffinized using xylene and rehydrated in graded ethanol. 
The samples were then preincubated with 3% H2O2 to inhibit 
endogenous peroxide activity. The sections were then incubated 
at 4˚C overnight with primary antibody against SPARCL1 
(cat. no. 2728; 1:50; R&D Systems, Inc., Minneapolis, MN, 
USA) as described previously (16,23), and then with horse-
radish peroxidase (HRP)‑labeled secondary antibodies (cat. 
no. KIT‑5004; 50 µl; MaxVision, Fuzhou, China) at room 
temperature for 15 min, followed by the addition of freshly 
prepared 3,3'‑diaminobenzidine for color development for 
5 min. In the control group, the primary antibody was replaced 
with PBS. The immunohistochemical images were obtained 
with a Leica microscope (Leica Microsystems GmbH, 
Wetzlar, Germany) and immunohistochemical staining was 
evaluated independently by two examiners, who were blinded 
to the clinicopathological information. The intensity of the 
immunostaining was assessed and assigned scores as follows: 
0, negative staining; 1, low staining intensity; 2, moderate 
staining intensity; 3, high staining intensity.

Western blot analysis. For western blot analysis, the cells were 
harvested and washed twice with ice‑cold PBS, followed by 
lysis with ice‑cold lysis buffer (4% sodium dodecyl sulfate, 
20% glycerol and 0.2M dithiothreitol). Protein concentrations 
were determined using the BCA method (Beyotime Institute 
of Biotechnology, Haimen, China). Then the samples were 
separated by 10% SDS‑PAGE, transferred onto nitrocellulose 
membranes (EMD Millipore, Billerica, MA, USA), and hybrid-
ized 4˚C overnight with anti‑ERK antibody (cat. no. 9102; 
1:1,000; Cell Signaling Technology, Inc., Danvers, MA, USA), 
anti‑p38 antibody (cat. no.  9212; 1:1,000; Cell Signaling 
Technology, Inc.), anti‑JNK antibody (cat. no. 9252; 1:1,000; 
Cell Signaling Technology, Inc.), anti‑p‑ERK antibody (cat. 
no. 9101; 1:1,000; Cell Signaling Technology, Inc.), anti‑p‑p38 
antibody (cat. no. 9211; 1:1,000; Cell Signaling Technology, 
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Inc.), anti‑p‑JNK antibody (cat. no. 4668; 1:1,000; Cell Signaling 
Technology, Inc.), anti‑SPARCL1 antibody and anti‑actin 
antibody (cat. no. ab8226; 1:2,000; Abcam, Cambridge, UK). 
The immune complexes were detected by incubation with 
anti‑rabbit or anti‑mouse IgG antibodies conjugated to HRP 
(cat. nos. 111‑035‑003, and 115‑035‑003; 1:3,000; Jackson 
ImmunoResearch Laboratories Inc., West Grove, PA, USA) 
for 1 h at 37˚C, followed by ECL detection (Thermo Fisher 
Scientific, Inc.) according to the manufacturer's protocol.

Statistical analysis. Statistical analysis was performed using 
GraphPad Prism version 5.00 (GraphPad Software, Inc., San 
Diego, CA, USA). Data are expressed as the mean ± standard 
error of the mean. Comparisons between two conditions were 
analyzed using two‑tailed unpaired t‑tests when the data were 
normally distributed; otherwise Mann‑Whitney analysis was 

performed. P<0.05 was considered to indicate a statistically 
significant difference.

Results

Expression of SPARCL1 is downregulated in RCC cells. 
To examine the possible role of SPARCL1 in RCC, western 
blot analysis was performed to quantify the protein levels of 
SPARCL1. The results showed that the expression of SPARCL1 
was significantly reduced in the RCC cells, compared with that 
in the normal HKC cells (Fig. 1A).

The expression levels of SPARCL1 were also detected 
in 50 primary RCC and paired non‑cancerous tissues using 
the tissue microarray and immunohistochemical staining 
techniques. Images showing the four expression levels of 
SPARCL1 (0, negative staining; 1, low staining intensity; 2, 

Table I. Sequences of primers.

Name	 Sequence (5'‑3')

cDNA3.1(‑)hSPARCL1‑NF	 CAACTGAAGGTACATTGGACATA
cDNA3.1(‑)hSPARCL1‑XhoI‑F	 ACGGGCCCTCTAGACTCGAGATGAGTGAGCCTCAGGAGAAA
cDNA3.1(‑)hSPARCL1‑EcoRI‑R	 TAGTCCAGTGTGGTGGAATTCTCAAAACAAGAGATTTTCATCTATG
cDNA3.1(‑)hSPARCL1‑Soe‑F	 AATGAAAATATAGGTACCACTGAGC
cDNA3.1(‑)hSPARCL1‑Soe‑R	 GCTCAGTGGTACCTATATTTTCATT
hSPARCL1‑3'UTR‑R	 TACAAGTATCACAGCTGCAT

F, forward; R, reverse; SPARCL1, SPARC‑like 1.

Figure 1. Expression levels of SPARCL1 are downregulated in RCC cells and tissues. (A) Expression of SPARCL1 was detected using western blot analysis in 
RCC cells. (B) Representative images of immunohistochemical staining of SPARCL1 in RCC tissues and paired non‑cancerous tissues: (a) score 0; (b) score 1; 
(c) score 2; (d) score 3 (magnification, x100). (C) Quantification of SPARCL1 staining in the RCC tissue microarray. *P<0.05 and **P<0.01 in tissues with the 
same score between RCC and paired non‑cancerous tissues. (D) Analysis of the association between the expression of SPARCL1 and pTNM classification. 
*P<0.05, compared with the stages I‑III. RCC, renal cell carcinoma; SPARCL1, SPARC‑like 1.
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moderate staining intensity; 3, high staining intensity) are 
shown in Fig. 1Ba‑d. The results showed that the expression 
levels of SPARCL1 in the RCC tissues differed substantially 
from those in the normal non‑cancerous tissues. In the paired 
normal tissues, 46.7% of the tissues showed moderate or high 
expression of SPARCL1, whereas this was only observed in 
8.35% of the RCC tissues (Fig. 1C). Absent or low expres-
sion levels of SPARCL1 were observed in 91.65% of the 
tumor samples, however, this was only found in 53% of the 
paired normal tissues (Fig. 1C). Among the 50 RCC samples, 
41 samples were stage  I, five samples were stage  II, one 
sample was stage III and three samples were stage IV. The 
association between expression and pTNM classification was 
analyzed, and it was found that the expression of SPARCL1 
was significantly reduced in stage IV samples (Fig. 1D). This 
is a preliminary finding due to the small number of patients in 
the tissue microarray.

SPARCL1 inhibits migration and invasion, and promotes 
the proliferation of human RCC cells in vitro. Metastasis is a 
problem central to cancer therapeutics, therefore, the present 
study aimed to assess whether the overexpression of SPARCL1 
affected tumor migration and invasion. The overexpression 
of SPARCL1 was induced in RCC cells, following which 

migration and invasion assays were performed. As shown in 
Fig. 2, an inverted microscope was used to observe the differ-
ences in the wounded regions in the ACHN cell cultures at 
24, 36 and 72 h. The overexpression of SPARCL1 markedly 
reduced the number of migrated cells. As shown in Fig. 2A, 
the region damaged by the scratch in the control group was 
infiltrated with migrated RCC cells. In the cells overexpressing 
SPARCL1, fewer cells were found to have migrated into the 
scratch area (Fig. 2B). The numbers of cells were counted in 
the wounded regions of the groups at different time points 
(Fig. 2C). The overexpression of SPARCL1 in the RCC cells 
was confirmed using western blot analysis prior to migration 
and invasion assays (Fig. 2D). These results suggested that 
SPARCL1 had an inhibitory effect on RCC cell migration. 
The inhibitory effect of SPARCL1 on migration was also 
confirmed in the Caki‑1 RCC cell line (Fig. 3A‑C).

As shown in Fig. 4A and B, the overexpression of SPARCL1 
markedly reduced the number of cells migrating to the lower 
side of the membrane in the Caki‑1 cells. Counting of the inva-
sive cells per field was performed, as shown in Fig. 4C. The 
effect of SPARCL1 on the proliferation of RCC cell lines was 
detected using MTT assays (Fig. 5A‑C). The results showed 
that the proliferation rates of the Caki‑1, ACHN and 769‑p 
cells were accelerated by the overexpression of SPARCL1 for 

Figure 2. SPARCL1 inhibits the migration of human RCC cells in vitro. Wound healing migration assays were performed using AHCN cells following trans-
fection with (A) NC or (B) SPARCL1. Microscopic observations were recorded at 0, 48, 36 and 72 h following scratching of the cell surface (magnification, 
x100). Representative images from each independent experiment are shown. (C) Quantitative analyses of wound closure rates and cell invasion. The percentage 
of the wound healing was calculated as: (width of wound at 0 h‑width of wound at 72 h)/width of wound at 0 h. (D) Overexpression of SPARCL1 in RCC cells 
was detected using western blot analysis. All experiments were performed in triplicate, *P<0.05. RCC, renal cell carcinoma; SPARCL1, SPARC‑like 1; NC, 
negative control.
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Figure 4. SPARCL1 inhibits the invasion of human renal cell carcinoma cells in vitro. Transwell invasion assays with Matrigel were performed in Caki‑1 
cells following transfection with (A) NC or (B) SPARCL1 at 48 and 72 h (magnification, x100). (C) Quantitative analysis of cell invasion. *P<0.05. SPARCL1, 
SPARC‑like 1; NC, negative control.

Figure 3. SPARCL1 inhibits the migration of human renal cell carcinoma cells in vitro. Wound healing migration assays were performed in Caki‑1 cells 
following transfection with (A) NC or (B) SPARCL1. Microscopic observations were recorded at 0, 24, 36 and 48 h following scratching of the cell surface 
(magnification, x100). Representative images from each independent experiment are shown. (C) Quantitative analyses of the wound closure rates and cell 
invasion. The percentage of the wound healing was calculated as: (width of wound at 0 h‑width of wound at 48 h)/width of wound at 0 h. All experiments were 
performed in triplicate, *P<0.05. SPARCL1, SPARC‑like 1; NC, negative control.
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48 or 72 h, respectively, suggesting that SPARCL1 promoted 
RCC cell proliferation.

SPARCL1 inhibits activation of the p38/JNK/ERK MAPK 
pathway. MAPK kinases are crucial enzymes at the inter-
section of several biological pathways, which regulate cell 
differentiation, proliferation and survival. MAPK comprises 
three protein kinases: JNK, p38 and ERK. In vitro, the over-
expression of SPARCL1 appeared to significantly reduce the 
phosphorylation of JNK, ERK and p38 proteins in the RCC 
cells (Fig. 5D). These results showed that SPARCL1 may 
contribute to inactivation of the JNK/ERK/p38 signaling 
pathway, and lead to the inhibition of RCC cell proliferation 
and migration.

Discussion

The present study analyzed the results of SPARCL1 immu-
nohistochemical staining, and found that almost 92% of the 
RCC samples were SPARCL1‑negative or low intensity, and 
only 8% of the RCC samples were SPARCL1‑moderate or high 
intensity. It was found that ~54% of the normal tissues were 
SPARCL1‑negative or showed low intensity positive staining, 
and almost 46% of the normal tissues were SPARCL1‑positive 
at a moderate or high intensity. These results showed that 
the expression of SPARCL1 was significantly reduced in 
RCC tissues, comparison with that in normal tissues. It was 
also found that the expression of SPARCL1 was significantly 
reduced at stage IV. This suggested that a high expression of 

SPARCL1 offers potential as a prognostic factor. Future inves-
tigations aim to increase the sample size to investigate the 
association between the expression of SPARCL1 and kidney 
staging.

SPARCL1 is downregulated in several types of cancer, 
which inhibits cancer cell growth, migration or inva-
sion, suggesting that SPARCL1 may function as a tumor 
suppressor  (2,11‑13,16). The present study found that the 
expression levels of SPARCL1 were significantly reduced in 
RCC cells. Using traditional in vitro approaches to examine 
the function of SPARCL1, the present study on RCC cell lines 
demonstrated that SPARCL1 decreased the migratory and inva-
sive properties of RCC cells but did not restrict the growth of 
the RCC cells. SPARCL1 may be a clinically useful biomarker 
with diagnostic, prognostic and therapeutic value.

MAPK pathways are crucial in regulating cell differen-
tiation (24‑26), proliferation (27‑30) and survival  (31‑33). 
Mutations of the MAPK pathway proteins have been reported 
to be associated with several types of human cancer (34‑38). 
MAPK signaling has been shown to be crucial in tumor 
genesis and tumor metastasis (39‑41). The overexpression 
of MAPK was also found in 52% of human RCC cases in 
a previous study  (42). In the present study, it was found 
that SPARCL1 downregulated the expression levels of 
p‑p38, p‑JNK and p‑ERK in the RCC cells, suggesting that 
SPARCL1 may regulate the progression of RCC through the 
p38/JNK/ERK MAPK pathway. Further investigations are 
required to examine the effect and mechanism of SPARCL1 
in treating RCC.

Figure 5. SPARCL1 promotes the proliferation of RCC cells and reduces the activation of p38/JNK/ERK mitogen‑activated protein kinases. (A-C) RCC cells 
were transfected with NC or SPARCL. After 48 and 72 h, cell numbers were assessed using an MTT assay. Statistical analysis with Student's t‑test showed a 
significant increase in cell growth when SPARCL1 was overexpressed. *P<0.05. (D) Western blot analysis of the protein expression levels of total p38, JNK and 
ERK, and p‑p38, p‑JNK and p‑ERK in RCC cells. RCC, renal cell carcinoma; SPARCL1, SPARC‑like 1; NC, negative control; JNK, c‑Jun N‑terminal kinase; 
ERK, extracellular signal‑regulated kinase; p‑, phosphorylated.
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