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Abstract: Secreted protein acidic and rich in cysteine (SPARC) is a secreted protein which is involved
in various biological processes. SPARC expression is associated with tumor metastasis and poor
prognosis in several types of cancer. However, the SPARC-induced signaling pathway was not fully
understood in head and neck cancer. In this study, our results showed that SPARC treatment promoted
cell proliferation and migration in head and neck cancer cell lines FaDu and Detroit 562. In addition,
SPARC induced expression of epithelial mesenchymal transition (EMT) regulators, including Slug,
Snail, and Twist in Detroit 562. The results of phospho-kinase array analysis showed that SPARC
treatment increased phosphorylation of some molecules including protein kinase B (PKB/AKT),
ribosomal S6 kinase (RSK), and extracellular signal–regulated kinases (ERK). The expression of
SPARC-induced EMT regulator Slug was suppressed by AKT inhibitor, but not ERK and RSK
inhibitors. The SPARC expression in grade IV tumor samples is higher when compared to that in
grade I–III tumor samples. Our results suggest that SPARC treatment enhances the EMT signaling
pathway via activation of AKT, and exogenous SPARC and tumor expressing SPARC might be
associated with tumor progression in head and neck cancers.

Keywords: secreted protein acidic and rich in cysteine; proliferation; migration; epithelial mesenchymal
transition; head and neck cancer

1. Introduction

Head and neck cancer is one of most common cancer types worldwide and every year an
estimated 49,000 people are newly-diagnosed in United States [1]. The location of head and neck
cancer includes paranasal sinuses, nasal and oral cavity, pharynx an dlarynx, and oral squamous
cell carcinoma is the most common type among head and neck cancers [2]. Currently, smoking,
alcohol, and human papillomavirus (HPV) infection are considered as risk factors of head and neck
cancers [3,4]. However, the clinical prognosis of some patients is not fully explained by these risk
factors. Therefore, some unknown factors which promote tumorigenesis in head and neck cancers
need to be further investigated.
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Recent evidence reveals that soluble factors in the tumor microenvironment results in immune
escape, angiogenesis, proliferation, and epithelial to mesenchymal transition (EMT) properties in
multiple types of cancers [5]. Cytokines, chemokines, and growth factors are key regulators of
these signaling pathways [5,6]. Secreted protein acidic and rich in cysteine (SPARC, also known
as osteonectin) is a glycoprotein which involve in various biological process [7]. It belongs to the
matricellular protein family which regulates cell-matrix interactions and signaling pathways in cells [8].
SPARC is secreted from many types of cancer and tumor-associated stroma cells, and is considered
to regulate tumor cell growth and metastasis [9]. However, the effect of SPARC reported in previous
studies is different. In glioma and melanoma, the metastatic capacity is associated with SPARC
expression [9]. SPARC promotes bone metastasis and EMT properties in highly-metastatic tumors,
including triple-negative breast cancer, melanoma, and prostate cancers [10,11]. In contrast, low
SPARC expression in cancer tissue is associated with good prognosis in patients with lung cancer and
breast cancer [12,13]. The role of tumor-expressing SPARC is still paradoxical. Stromal cells-expressing
SPARC also regulate the behavior of cancer cells and prognosis. Strong expression of SPARC in breast
cancer stromal cells is correlated with good prognosis [14]. Another study indicates that stromal
SPARC is pro-metastatic for breast cancer cells [15]. SPARC expression is frequently detected in
tumor-associated stroma, but is not in pancreatic ductal adenocarcinoma. Stromal cells-expressing
SPARC mediates invasiveness and metastatic capacity pancreatic cancer [16]. This evidence might
suggest stromal SPARC is also a factor to induce tumor progression.

SPARC-related-signaling pathways and the role of exogenous and tumor-expressing SPARC have
not been fully understood in head and neck cancers. In the present study, SPARC-induced phenotypes
and signaling pathways in head and neck cancer cell lines were investigated and the expression of
SPARC was examined in clinical tumor samples.

2. Results

2.1. Secreted Protein Acidic and Rich in Cysteine (SPARC) Treatment Enhances Cell Proliferation and Migration

To investigate the effect of SPARC, the human pharyngeal carcinoma line Detroit 562, and human
hypopharyngeal cancer cell line FaDu, were treated with different doses of recombinant human
SPARC protein. The proliferation rate of Detroit 562 and FaDu was significantly induced (Figure 1A,B).
In addition, our results showed that SPARC treatment enhanced migration capacity in wound-healing
migration assay and transwell migration assay (Figure 2A–F). This suggests that SPARC was associated
with malignant phenotypes in head and neck cancer cells.
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Figure 1. Secreted protein acidic and rich in cysteine (SPARC) treatment promoted cell proliferation.
(A) FaDu and (B) Detroit 562. The error bars represent standard deviation (SD) (t-test; * p < 0.05,
** p < 0.01, *** p < 0.001, when compared with 0 ng group).
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Figure 2. SPARC treatment promoted cell migration. (A) images of wound healing assay;
(B) quantification of wound healing assay in FaDu cells; (C) images of wound healing assay;
(D) quantification of wound healing assay in Detroit 562 cells; (E) transwell migration assay in FaDu
cells and (F) Detroit 562 cells. Quantification results were shown in the lower panel and images were
shown in the upper panel. The error bars represent SD (t-test; * p < 0.05, ** p < 0.01, *** p < 0.001, when
compared with 0 ng group).
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2.2. SPARC Treatment Induces Epithelial Mesenchymal Transition (EMT) Phenotypes in Head and Neck
Cancer Cells

EMT changes the mobility of cells and is associated with tumor progression [17]. The process
of EMT is regulated by various molecules including transcription factors Snail, Slug, and Twist [18].
When cells undergo EMT, decreasing epithelial cadherin (E-cadherin), and increasing neural cadherin
(N-cadherin) [18]. Zo-1 is a tight junction protein and usually relocates from the membrane to the
cytoplasm during EMT [19]. In Figure 3, the expression of N-cadherin, Zo-1, Slug, Snail, and Twist
increased and the expression of E-cadherin slightly decreased in Detroit 562 cells after 50 and 100 ng
SPARC treatment. The results suggest that SPARC treatment induced the mesenchymal phenotype in
Detroit 562 cells.
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Figure 3. SPARC treatment promoted epithelial mesenchymal transition (EMT) signaling pathway:
Western blot assay shows the protein expression levels of the EMT signaling pathways-related
molecules. Band intensity was normalized to glyceraldehyde 3-phosphate dehydrogenase (GAPDH).
Values are expressed relative to the control group (0 ng).

2.3. Evaluation of SAPRC Treatment-Associated Kinases through Phosphor-Kinase Array

Currently, the SPARC-induced signaling pathways and -associated kinases are not well known in
head and neck cancer. Thus, the phosphor-kinase array assay was performed. In Figure 4A–D, the
phosphorylation of extracellular signal regulated kinase (ERK)1/2, p38a, jun amino-terminal kinases
(JNK)1/2/3, heat shock protein (HSP) 27, Staphylococcal leucocidin (LUK), P70 S6, ribosomal S6 kinase
(RSK)1/2/3, Endothelial NOS (eNOS), and signal transducer and activator of transcription 3 (STAT3)
increased in Detroit 562 with 100 ng SPARC treatment and incubation for 24 h. We further confirmed
the phosphorylated status of these proteins and SPARC-mediated signaling pathways through Western
blot assay.
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To further investigate the downstreaming signaling pathways of SPARC, the protein was 
extracted from Detroit 562 after 1.5 h of SPARC treatment. In Figure 5A,B, increased levels of ERK 
and AKT were observed. The phosphorylation of other proteins was not significantly changed by 

Figure 4. Investigation of SPARC treatment-activated signaling molecules by phospho-kinase array:
600 µg of protein extract of Detroit 562 cells were subjected to a set of phospho-kinase arrays (membrane
A and B) in accordance with the manufacturer’s instructions. (A) Phospho-kinase array, membrane
A the red frame which is respectively labeled number 1 to 5 indicate different phosphorylation site.
The detail information is shown in Figure 4B; (B) the table in the left panel indicates the specific
phosphorylation site of each molecule in membrane A; the quantification result (mean density value of
two duplicate spots) is shown in the right panel. Values are expressed relative to the control group;
(C) Membrane B, the red frame 1–5 indicates specific phosphorylation site in membrane B, and (D) the
specific phosphorylation site of each molecule in membrane B and quantification result.

2.4. Investigation of SPARC Treatment Induced-Signaling Pathways

To further investigate the downstreaming signaling pathways of SPARC, the protein was extracted
from Detroit 562 after 1.5 h of SPARC treatment. In Figure 5A,B, increased levels of ERK and AKT were
observed. The phosphorylation of other proteins was not significantly changed by SPARC treatment.
ERK and AKT are important regulators of EMT pathways [18]. Treatment of the ERK inhibitor and
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AKT inhibitor decreased the expression level of Slug (Figure 5C). Furthermore, the AKT inhibitor, but
not ERK inhibitor, suppressed SPARC treatment-induced Slug expression. This suggests that AKT is
a key regulator in SPARC-induced EMT signaling pathways.
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Figure 5. Investigation of SPARC treatment-induced signaling pathways by Western blot: Detroit
562 cells were treated with SPARC for 1.5 h and the protein extract was subjected to Western blot
assay. (A) Phosphorylation status of ribosomal s6 kinase1 (RSK1), mitogen and stress-activated protein
kinase (MSK) , and extracellular signal-regulated kinase (ERK); (B) phosphorylation status of p70S6K,
AKT, 4e-BP1 and (C) investigation of the effect of ERK, RSK, and AKT inhibitor. Band intensity was
normalized to GAPDH and values are expressed relative to the control group.

2.5. Evaluation of SPARC Expression in Clinical Samples

The expression levels of SPARC in clinical samples were evaluated in a cDNA array assay which
included normal tissues and tissues from grade I to IV head and neck cancer patients, including
carcinoma of tonsil, pharynx, oropharynx, etc. Our results revealed that mRNA levels of SPARC in
normal tissues are significantly lower than that in cancer. In addition, grade IV tumor samples express
relatively high SPARC levels in comparison of grade I to III tumor samples (Figure 6A). In four of
seven tumor pairs, SPARC expression in tumor region is higher than that in adjacent normal region
(Figure 6B). This evidence suggest that high SPARC expression is associated with head and neck
tumors in the clinic.
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3. Discussion

Matricellular proteins are one of important components of extracellular matrix and act at the
interface between extracellular matrix and cell surface [7]. SPARC belongs to the matricellular protein
family and regulates extracellular matrix assembly [20,21]. Currently, SPARC is reported to be regulated
by various signaling molecules. SPARC is required for activation of integrin-linked kinase (ILK) and
the ILK-mediated signaling pathways [22]. SPARC induces adipogenesis through activation and
accumulation of beta-catenin pathways in preadipocytes [23]. In addition, ILK, but not AKT is required
for SPARC-activated beta-catenin pathways [23]. In glioma, AKT and SHC-RAF-ERK signaling are
involved in the SPARC-induced invasive capacity [24]. SPARC-expressing glioma cells induce AKT
phosphorylation and neutralizing exogenous SPARC by antibodies abolishes the AKT phosphorylation.
In addition, exogenous SPARC stimulation results in reducing phosphorylation of AKT in prostate
cancer cells [25]. This evidence implies that AKT is a key kinase in SPARC-induced biological process
although different phenotypes are regulated in different types of cells.

Clinical evidences have shown that EMT is associated with tumor metastasis and poor prognosis
in multiple types of cancers [26]. Transcription factors, such as Slug, Snail, and Twist, downregulate
the expression of E-cadherin and Zo-1, and upregulate the expression of N-cadherin [18]. In Figure 3,
our results showed that SPARC results in increasing levels of N-cadherin, Slug, Snail, and Twist, and
decreasing levels of E-cadherin in the pharyngeal carcinoma cell line, Detroit 562. However, Zo-1
expression is also induced after treatment. A previous report suggests that Zo-1 did not link to EMT
signaling pathways in head and neck squamous cell carcinoma [27]. Thus, our results still reveal
SPARC treatment promotes mesenchymal characteristics in Detroit 562.

The present study suggests that AKT is a key molecule in SPARC-induced EMT pathways.
Additionally, several soluble factors induce EMT through AKT in different types of head and neck
cancer. AKT involves in the platelet-derived growth factor D (PDGF-D) and receptor of PDGF-D-triggered
EMT in tongue squamous carcinoma cells [28]. Interleukin (IL)-6 enhances migration and EMT via
increasing phosphorylation of p70S6K, and phosphoinositide 3-kinase (PI3K)/AKT/mechanistic target
of rapamycin (mTOR), mitogen-activated protein kinase (MAPK)/AKT, and janus kinase (JAK)/STAT3
might be important upstream regulators [29]. Mast cell-secreted IL-8 promotes EMT via AKT and the
Slug pathway in human thyroid cancer cells [30]. In hypoxic condition, secretion of IL-11, is induced in
anaplastic thyroid carcinoma cells and IL-11 activates PI3K/AKT/glycogen synthase kinase 3 β (GSK3β)
and results in EMT phenotype [31]. These studies show that AKT plays a critical role in promoting
EMT in head and neck cancers. A recent report demonstrates that blockage of PI3K/AKT signaling
pathway attenuate metastasis in nasopharyngeal carcinoma cells [32]. It might imply that depletion of
exogenous molecules which activate AKT signaling is a potential strategy for inhibiting metastasis in
head and cancer.
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In the clinical samples, the expression of SPARC in tumor tissues is higher than that in normal
tissues and the highest SPARC expression was detected in grade IV tumors (Figure 6). Previous reports
suggest that SPARC serves as a prognostic marker for the stage II tongue carcinoma and is positively
correlated with lymph node metastasis and survival rate in stage II tongue squamous cell carcinoma [33,34].
In nasopharyngeal carcinoma patients, SPARC expression is also positively correlated with status
of distant metastasis, world health organization histological classification, and poor prognosis [35].
The higher SPARC expression is detected in oral squamous cell carcinoma via immunohistochemical
analysis when compared with control tissue [36]. Both SPARC in squamous cell carcinoma of the oral
cavity and tumor-associated stromal cells are associated with poor prognostic factors, such as daily
smoking [37]. In Figure 6B, immunofluorescent analysis showed SPARC expression in tumors is higher
than that in adjacent normal tissue. Due to the small sample size, the difference of SPARC expression
pattern could not reach statistical significance. Therefore, based on the results of cDNA array and
previous reports, SPARC is considered as a risk factor and might serve as a poor prognostic marker of
head and neck cancer. In addition, we suppose that the increasing trend of SPARC might be observed
in a large sample size. The proposed mechanism was shown in Figure 7.
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SPARC shows an anti-tumor role in anti-angiogenesis, anti-adipogenesis, pro-apoptosis, and
inhibition of cell proliferation in several types of cancer, including ovarian cancer, colorectal,
neuroblastoma [10,38]. These types of cancer has less metastastic capacity when compared to
the glioblastomas, melanoma, breast cancer, and prostate cancer. In head and neck cancer, the
SPARC-induced effect and signaling pathways tends to a oncogenic role. Additinally, SPARC affects
the immune cell infiltration and differentiation [9]. However, the interaction among tumor cells, stroma
cells, and immune cells is very complicated. The present study focused on the role of SPARC in tumor
cells. The effect of SPARC on stroma cells and immune cells will be evaluated in the further studies.

4. Materials and Methods

4.1. Cell Culture

The human cancer cell lines, Detroit 562 (pharyngeal carcinoma) and FaDu (which is derived from
human hypopharyngeal tumor) were purchased from bioresource collection and research centers (BCRC) of
Taiwan. Both cells were cultured in minimum essential medium (MEM) which was supplemented with
10% fetal bovine serum (FBS), 100 g/mL streptomycin, 0.25 mg/mL amphotericin, and 100 unit/mL
penicillin (LifeTechnologies, Grand Island, NY, USA) and incubated at 37 ◦C, in 5% CO2.

4.2. Chemicals

AKT Inhibitor IV (cat. no. 124011), MEK1/ERK inhibitor PD 98059 (cat. no. 513000), and RSK
inhibitor SL0101 (cat. no. 559285) were obtained from Calbiochem (San Diego, CA, USA).
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4.3. Proliferation Assay

In 9a6 well plate, 3000 of Detroit 562 or FaDu cells were seeded and recombinant human
SPARC protein (R&D Systems) was treated 24 h after seeding cells. Cells were cultured at
100 µL minimum essential media with 1% FBS and, respectively, 0, 10, 20, and 50 ng/100 µL
recombinant human SPARC protein which was directly dissolved in the culture medium
for 72 h. WST-1 (4-[3-(4-iodophenyl)-2-(4-nitrophenyl)-2H-5-tetrazolio]-1,3-benzene disulfonate)
method (Clontech) was used for determining cell proliferation according to manufacturer’s
instruction. The results were analyzed on a microplate spectrophotometer (PowerWave X340, BioTek,
Winooski, VT, USA) at a wavelength 450 nm.

4.4. Migration Assay

Migration ability was analyzed by wound-healing assay and transwell migration assay. FaDu cells
(4 × 105) and Detroit 562 cells (5 × 105) were seeded into 24 well plates. When cells reached a 90–100%
confluent monolayer, a scratch was made by a 200 µL pipette tip. Cell debris was removed by
phosphate-buffered saline washing after scratching and then cells were incubated in MEM medium
with 2% FBS. Images were taken at 0, 12, 18, and 24 h after SPARC treatment. Transwell migration
assay was performed in the QCM™ 24-well Cell Migration Assay and Invasion System uncoated
8 m pore size polycarbonate membranes (Millipore) according to the manufacturer’s instructions.
Briefly, 8 × 104 FaDu or 1 × 105 Detroit 562 were seeded into 24 wells and inserted into 300 µL
serum-free medium while 500 µL medium with 10% FBS was in the lower chamber. After 24 h, the
bottom surface of the membrane was fixed in 10% formaldehyde solution, followed by 0.4 g/L crystal
violet staining for 2 h. Cells on the upper surface were removed by a cotton swab after membrane
washing. The bottom of the membrane was then visualized using the Olympus inverted microscope at
100×magnification. Four random fields of view were counted and the relative fold of migration in
each group was compared to the 0 ng/mL SPARC treated group.

4.5. Western Blot

Cells were lysed in radioimmunoprecipitation lysis buffer (RIPA) buffer (Millipore) with protease
inhibitor cocktail (Millipore) at a 100:1 ratio on ice for 30 min and the total cell lysate was collected after
centrifugation at 4 ◦C, 12,000× g for 15 min. Protein concentration was determined by bicinchoninic
acid (BCA) protein assay kit (Thermo Fisher Scientific, Rockford, IL, USA). Equal amount protein
was loaded into each lane of 8%–12% sodium dodecyl sulfate polyacrylamide gel electrophoresis
(SDS-PAGE) and transferred to polyvinylidene difluoride membranes (Millipore). Membranes were
blocked with 5% skim milk in Tris-buffered saline with Tween-20 (TBST) buffer and sequentially
incubated with primary antibodies (diluted in 3% FBS in TBST) overnight at 4 ◦C, and with
secondary antibodies for one hour at room temperature. The information and dilution fold is
shown: anti-N-cadherin (1:1000, cat. no. 2167184, Millipore), anti-E-cadherin (1:1000, cat. no. 610182,
BD Biosciences, San Jose, CA, USA), anti-Zo-1 (1:1000, cat. no. 5406S, Cell Signaling, Beverly, MA, USA),
anti-Slug (1:1000, cat. no. 9585, Cell Signaling), anti-Snail (1:1000, cat. no.3879, Cell Signaling),
anti-Twist (1:1000, cat. no. 49254, Abcam, Cambridge, UK), anti-phospho-ERK 1/2 (1:1000,
cat. no. 4370S, Cell Signaling), anti-ERK 1/2 (1:1000, cat. no. 4695S, Cell Signaling), anti-phospho
AKT Ser473 (1:1000, cat. no. 4060S, Cell Signaling), anti-phospho AKT Thr308 (1:1000, cat. no. 2965S,
Cell Signaling), anti-phospho AKT (1:1000, cat. no. 9272S, Cell Signaling), anti-phospho Msk1 (1:1000,
cat. no. 9591S, Cell Signaling), anti-Msk1 (1:1000, cat. no. 3489S, Cell Signaling), anti-phospho Rsk1
(1:1000, cat. no. 9335S, Cell Signaling), anti-Rsk1 (1:1000, cat. no. 8408S, Cell Signaling), anti-phospho
p70 S6 (1:1000, cat. no. 9204, Cell Signaling), anti-p70 S6 (1:1000, cat. no. 9202, Cell Signaling),
anti-phospho-4E-BP1 (1:1000, cat. no. 2855, Cell Signaling), anti-4E-BP1 (1:1000, cat. no. 9644,
Cell Signaling), anti-GAPDH (1:5000, cat. no. MAB374, Millipore). The results were analyzed on
Alpha Innotech FluorChem FC2 imaging system (ProteinSimple; Bio-Techne, Minneapolis, MN, USA).
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The quantification was performed using ImageJ software (version 1.51, National Institutes of Health,
Bethesda, MD, USA).

4.6. Phospho-Kinase Array

Six-hundred micrograms of protein lysate of Detroit 562 cells were, respectively, treated with
or without SPARC for 24 hours were collected. Protein samples were incubated with a Human
Phospho-Kinase Array Kit (Proteome Profiler Array, ARY003B, R&D Systems) according to the
manufacturer’s instruction. The images were adapted on an imaging capture system (Alpha Innotech
FluorChem FC2 imaging system, ProteinSimple; Bio-Techne, Minneapolis, MN, USA).

4.7. cDNA Arrays Analysis

The cDNA array of normal tissue and patients with head and neck cancer was obtained
from Head and Neck Cancer cDNA Array I (cat. no. HNRT101, TissueScan cDNA array,
Origene). Polymerase chain reaction was performed using the following primers: SPARC forward,
5′-GTGCAGAGGAAACCGAAGAG-3′ and reverse, 5′-AGTGGCAGGAAGAGTCGAAG-3′;
GAPDH forward, 5′-GAGTCAACGGATTTGGTCGT-3′ and reverse, 5′-TTGATTTTGGAGGGATCTCG-3′.
PCR was performed on a StepOne Plus Real-Time PCT System (Applied Biosystems; Thermo
Fisher Scientific, Inc.) using the Fast SYBR Green Master Mix (Applied Biosystems; Thermo Fisher
Scientific, Inc.). The relative mRNA expression levels were normalized to the expression level of
GAPDH using the 2–∆∆Ct method.

4.8. Human Tumor Samples

Seven pairs of tumor and adjacent non-tumor head and neck tissues were collected and admitted
to the Division of Plastic and Reconstructive Surgery, Kaohsiung Medical University Hospital (KMUH),
Kaohsiung, Taiwan. Approval for these studies was obtained from the Institutional Review Board
(IRB) of KMUH (IRB No.: KMUHIRB-E(I)-20170119, all clinical research was approved on 12/05/2017),
and informed consent was obtained from all patients in accordance with the Declaration of Helsinki.

4.9. Statistical Analysis

All bar graphs and statistics were performed by GraphPad Prism 7 (GraphPad Software,
San Diego, CA, USA). Student’s t-test and one-way Analysis of variance (ANOVA) were respectively
used for analysis of the difference between two groups and more than two groups. A p-value < 0.05
was considered to indicate a statistically significant difference.

5. Conclusions

SPARC treatment enhances cell proliferation, migration, and mesenchymal phenotype, and AKT
is a key molecule in the SPARC-induced EMT signaling pathway. Among the cDNA array assays, the
highest SPARC expression is detected in grade IV tumor samples. Thus, the present study suggests that
both exogenous SPARC and tumor-expressing SPARC might be associated with head and neck cancers.
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