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Abstract 

Background: Cancer cells are characterized by aberrant activation of lipid biosynthesis, producing saturated fatty 
acids and monounsaturated fatty acids via stearoyl-CoA desaturases (SCD) for regulating metabolic and signaling 
platforms. SCD1 overexpression functions as an oncogene in lung cancer and predicts a poor clinical outcome. This 
study aimed to investigate the role of SCD1 inhibition by EGFR inhibitor (Gefitinib)-based anti-tumor therapy of lung 
cancer both in vitro and in vivo.

Methods: CCK-8 assay was performed to determine cell viability. The SCD1 mRNA level was detected by qPCR. 
The protein levels were assessed by Western blotting. E-cadherin and N-cadherin levels were determined by immu-
nofluorescence. Apoptosis detection was conducted by flow cytometry. Cell migration or invasion was evaluated 
by transwell assay. The tumor sizes and tumor volumes were calculated in nude mice by subcutaneous injection 
of A549 cells transfected with vector of pcDNA3.1-SCD1 or negative control. Expression of Ki-67 was detected by 
immunohistochemistry.

Result: SCD1 up-regulated expression was observed in lung cancer cell lines. Cells with overexpressed SCD1 had 
high IC50 values for Gefitinib in A549 and H1573 cell lines. Overexpression of SCD1 inhibited Gefitinib-induced 
apoptosis, decreased cell vitality and impaired ability of migration and invasion, while these effects were counter-
acted by A939572. Mechanistically, SCD1 promoted the activation of proliferation and metastasis-related EGFR/PI3K/
AKT signaling, and up-regulated epithelial to mesenchymal transition (EMT) phenotype in the two cell lines, which 
was restored by SCD1 inhibition. Furthermore, in spite of EGFR inhibition, overexpression of SCD1 in vivo significantly 
promoted tumor growth by activating EGFR/PI3K/AKT signaling in tumor tissues, but A939572 treatment restricted 
SCD1-induced tumor progression and inhibited EMT phenotype of cancer cells in vivo.

Conclusion: These findings indicated that inhibition of oncogene SCD1 is required for targeting EGFR therapy in 
lung cancer.
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Background
Lung cancer is one of the leading causes of cancer-
induced deaths worldwide, accounting for 1.59 million 
deaths annually [1]. Currently, lung cancer is pathologi-
cally classified into two main histologic types: non-small 
cell lung cancer (NSCLC) and small cell lung cancer 
(SCLC). NSCLC accounted for more than 85% of all lung 
cancers [2]. Due to large proportion of NSCLC patients, 
the locally advanced or metastatic stage has already been 
developed at the time of diagnosis, and the prognosis for 
advanced-stage disease is extremely unsatisfactory with 
an overall 5-year survival rate being 17%. More impor-
tantly, the recurrence rate remained particularly high as 
well, even though relevant treatments are performed in 
the early stage. Apart from the current surgery, radiother-
apy and platinum-based chemotherapy, the inhibitors of 
EGFR by targeting tyrosine kinase inhibitors (TKIs) such 
as gefitinib or eloritinib contributed to clinical successes, 
but the patients would eventually acquire drug resistance 
[3–5].

The processes of cell proliferation, cell death and differ-
entiation demanded a finely tuned sequential activation 
and deactivation of both biosynthetic and energy-gener-
ating metabolic pathways, especially the fatty acid metab-
olism [6]. The two major products included during this 
process were saturated fatty acids (SFA) and monoun-
saturated fatty acids (MUFA). Stearoyl-CoA desaturase 
(SCD) is a Δ9-fatty acyl CoA desaturase that catalyzes 
the formation of a double bond in the cis-delta-9 posi-
tion of saturated fatty acyl CoAs, mainly the palmitoyl 
CoA and stearoyl CoA, producing palmitoleoyl CoA and 
oleoyl CoA, respectively, which is a rate-limiting enzyme 
responsible for MUFA synthesis [7, 8]. High rates of gly-
colysis and lipid biosynthesis are considered as the key 
hallmarks in carcinogenesis. Notably, SCD1 is highly 
expressed in oncogene-transformed lung fibroblasts and 
cancer cells, and is involved in sustaining rapid cancer 
cell proliferation, evading cell apoptosis, facilitating can-
cer cell initiation and malignant transformation in vari-
ous types of cancers including leukemia [9], breast cancer 
[10], renal cancer [11], lung cancer [12], hepatocarci-
noma [13] etc. We previously identified overexpression 
of SCD1 in tumor tissues of NSCLC patients and aber-
rantly high levels of SCD1 are predicted as a poor clinical 
outcome in patients with lung cancer [14]. However, the 
function and underlying mechanisms of SCD1 during the 
progression of NSCLC needs further elucidation.

Several pathways have been discovered to be involved 
in SCD1-regulated tumor characteristics, such as the 
AMP-activated protein kinase (AMPK) pathway [15], 
the phosphatidylinositol-3 phosphate kinase (PI3K)/Akt/
mTOR pathway [16], and the epidermal growth factor 
receptor (EGFR) pathway [17]. These central signaling 

cascades are critical for the regulation of rapid lipid bio-
synthesis, growth and survival of cancer cells. Previous 
findings indicated that EGFR binds to and phosphoryl-
ates SCD1 at Y55 for maintaining the stability of SCD1 
protein, increasing the MUFA levels to promote lung 
cancer growth [18]. The suppression of SCD activity 
with CVT-11127, a SCD inhibitor, impaired the ligand-
induced phosphorylation of EGFR receptor, causing 
inactivation of its downstream targets such as Akt, ERK 
and mTOR. This in turn potentiated anti-proliferative 
effect of Gefitinib in  vitro [17]. Likewise, we found that 
overexpression of SCD1 in lung cancer cells could abro-
gate Gefitinib-induced apoptosis and inhibit cell vitality. 
Hence, targeting EGFR signals is regarded as a promising 
strategy for the treatment of NSCLC [12]. SCD1 modu-
lates the activity of EGFR/Akt/ERK signaling pathway to 
control cancer cell metabolism, proliferation and survival 
[17]. Using shRNA-SCD1 or SCD1 inhibitor, Zhang et al. 
have also reported that EGFR-stimulated cancer growth 
depends on SCD1 activity. EGFR stabilizes SCD1 through 
Y55 phosphorylation, thereby up-regulating MUFA syn-
thesis to promote lung cancer growth [19]. Moreover, it 
has been revealed that SCD1 increases colorectal cancer 
(CRC) progression through promoting epithelial-mesen-
chymal transition (EMT), promoting metastasis of CRC 
cells through MUFA production and suppressing PTEN 
in response to glucose [20]. Therefore, in this study, we 
focused on evaluating the function of SCD1 in the treat-
ment of EGFR-targeted lung cancer.

Materials
Cell lines and reagents
The lung cancer cell lines A549, H838 and H1573, and 
human bronchial epithelial cells BEAS-2B were pur-
chased from the cell bank of the Chinese academy of 
sciences (Shanghai, China). The cells were cultured in 
Dulbecco’s Modified Eagle’s medium (DMEM) sup-
plemented with 10% FBS (Life Technologies, USA), 
ampicillin and streptomycin at 37  °C in 5%  CO2 condi-
tions. The recombinant vector pcDNA3.1-SCD1 with 
overexpression of SCD1 and negative control were con-
ducted by GenePharma (Shanghai, China). Antibodies 
against SCD1, Caspase-3, phosphorylated PI3K (p-PI3K), 
p-EGFR and Akt were purchased from Abcam. A939572 
(HY-50709) was purchased from MedChem Express 
(USA). Gefitinib (ZD1839) was purchased from Apexbio 
(USA).

Real‑time PCR
To estimate the levels of SCD1 in lung cancer samples 
or cell lines, total RNA from cell lines was extracted by 
using Trizol reagent (Invitrogen). According to the stand-
ard protocol, quantitative real-time RT-PCR (qRT-PCR) 
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was performed, and the relative levels of SCD1 were nor-
malized to GAPDH, which acts as a reference gene.

Cell transfection and CCK‑8 assay
The A549 and H1573 cell lines were seeded into a well of 
96-well plate and were cultured to about 80% confluence, 
and then were transfected with pcDNA3.1-SCD1 or neg-
ative control for an indicated time period at a concentra-
tion of 1 ng/ml by Lipofectamine 2000 (Invitrogen, USA) 
according to the manufacturer’s instructions. The cells 
were incubated with different concentrations of Gefitinib 
(0, 5, 10, 20, 40, and 80  μM) or with A939572 (1  nM). 
After incubation, CCK-8 solution (10 μl) was added to 
each well and the cultures were incubated at 37  °C for 
90 min to determine the cell viability. The OD values in 
different wells were detected with a microplate reader at 
450 nm.

Western blots
According to the manufacturer’s instructions, the whole 
cell protein extracts from cell lines or lung cancer tissues 
were prepared, separated on 4–15% polyacrylamide gel, 
and then transferred onto the nitrocellulose membranes 
(Amersham Biosciences). The membranes were blocked 
in 5% non-fat milk in TBST buffer (Tris Buffer Saline 
containing 0.1% Tween-20) for 1  h at room tempera-
ture, followed by incubation with primary antibodies to 
SCD1, p-PI3K, p-EGFR, p-AKT and caspase-3 overnight 
at 4  °C. After washing with TBST buffer, the blots were 
then incubated with HRP-conjugated secondary antibody 
for 2 h at room temperature. The blots were washed with 
TBST buffer and visualized using the ECL-Plus reagent 
(Millipore, Billerica, MA, USA). GAPDH was used as the 
loading control.

Immunofluorescence
After treatment with Gefitinib and A939572, the cells 
were fixed in 4% paraformaldehyde for 15  min and 
then washed three times with PBS. Then the cells were 
blocked with 5% non-fat milk in 0.1% Triton X-100 at 
room temperature for 1  h, followed by anti-E-cadherin 
and N-cadherin primary antibodies (Sigma-Aldrich, St. 
Louis, MO, USA) for 1 h. Next, the cells were incubated 
with Alexa Fluor 488 or 594-labeled secondary antibod-
ies for 1 h and washed with PBS. DAPI counterstain was 
used to demonstrate the nuclei. Stained cells were visual-
ized using immunofluorescence microscopy.

The apoptosis analysis
After the treatment with Gefitinib and A939572, the cells 
were fixed in cold 70% ethanol at − 20 °C for 2 h. The cells 
were then treated with 10 mg/ml RNase and stained with 
2  μl of annexin V mixed with 2  μl of Propidium iodide 

(PI, eBioscience) according to the manufacturer’s instruc-
tions. The cells were quantified by using flow cytometry 
on a FACS Calibur instrument.

Transwell assay
The A549 and H1573 cell lines were transfected with 
SCD1 and treated with Gefitinib and A939572. In the 
migration assay, 2 × 104 cells were in the upper chamber 
of a non-coated transwell insert. In the invasion assay, 
the upper chamber of the transwell inserts were coated 
with Matrigel, and the tumor cells were plated in the 
upper chamber of the Matrigel-coated transwell insert. 
Cells that did not migrate or invade were removed using 
a cotton swab, followed by staining using crystal violet 
and counting under an inverted microscope. Five random 
views were selected to count the cells.

Tumor model
2 × 106 A549 cells transfected with lentivirus vector of 
pcDNA3.1-SCD1 or negative control were subcutane-
ously injected into the rear flank of nude mice (6 per 
group). The nude mice were orally fed with A939572 
(30 mg/kg, p.o. twice daily) or Gefitinib (100 mg/kg, p.o. 
3  days apart) for 20  days, and then the tumor volume 
 (mm3) was recorded. The tumor sizes were measured 
three days apart and the tumor volumes were calcu-
lated using the formula: V  (cm3) = width2  (cm2) * length 
(cm)/2. The animal study was approved by the institu-
tional animal research committee of The First Affiliated 
Hospital of Guangzhou Medical University.

Immunohistochemistry
Expression levels of Ki-67 in paraffin-embedded tissues 
of mouse lungs were detected by immunohistochemis-
try as previously described [21]. The tissues were treated 
with anti-human Ki-67 (Cell Signaling Technology, Dan-
vers, MA) monoclonal antibodies. Images were acquired 
using a fluorescence microscope (DM2000; Leica Micro-
systems, Wetzlar, Germany).

Statistical analyses
The Statistical Package for Social Sciences version 16.0 
(SPSS 16.0, SPSS Inc., Chicago, IL, USA) and the Prism 
statistical software package (Version 5.0, Graphpad Soft-
ware Inc.) were used. Unpaired t-tests or Mann–Whitney 
U tests were used to compare the two groups, and one-
way ANOVA was used for multiple group comparisons. 
p < 0.05 was considered to be statistically significant. All 
experiments were performed at least three times.
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Results
Overexpressed SCD1 promotes the resistance of EGFR 
inhibitor‑based therapy
The up-regulation of SCD1 in lung cancer cell lines A549, 
H838 and H1573 should be confirmed. The results indi-
cated that the mRNA and protein levels of SCD1 were 
remarkably increased in cancer cell lines when compared 
to human bronchial epithelial cells BEAS-2B (Fig. 1a, b). 
Based on this, we have chosen A549 and H1573 cell lines 
for further overexpression assay due to their relatively 
lower expression of SCD1 in the four cell lines. To deter-
mine the role of SCD1 in EGFR inhibitor-based therapy, 
the two cell lines were treated with different concentra-
tions of Gefitinib (0, 5, 10, 20, 40, and 80 μM) for 72 h. 
The results of statistical analysis showed that the IC50 
of Gefitinib for A549 and H1573 cell lines with overex-
pressed SCD1 (42  μM and 40  μM) were significantly 
higher than that in the control and negative control 
(NC) groups (21 μM and 18 μM) (Fig. 1c, d). These data 

indicated that SCD1 promotes the resistance of Gefitinib 
in lung cancer.

SCD1 is required for Gefitinib‑induced cytotoxicity in lung 
cancer
To investigate the role of SCD1 during the treatment of 
Gefitinib, we used SCD1 inhibitor, A939572 (1 nM). The 
results showed that the cell vitality was inhibited by Gefi-
tinib (20 μM), but this inhibition was conversed when the 
two cell lines were forced to express SCD1. More impor-
tantly, the addition of SCD1 inhibitor A939572 could 
abrogate the SCD1 activity and restore the cytotoxicity of 
Gefitinib in A549 and H1573 cell lines (Fig. 2a, b). Simi-
larly, the cell apoptosis was also estimated. Flow cytome-
try results showed that the Gefitinib treatment increased 
the apoptosis of A549 and H1573 cell lines. In contrast, 
the overexpression of SCD1 helped the tumor cells from 
Gefitinib-induced apoptosis. However, the rescuing role 
of SCD1 was abrogated by A939572, indicating that 

Fig. 1 Cells with overexpressed SCD1 were resistant to Gefitinib. a, b The expression of SCD1 in five lung cancer cell lines A549, H838, H1573 and 
one normal human bronchial epithelial cells BEAS-2B was analyzed. c, d The cell vitality of A549 and H1573 with or without SCD1 overexpression 
was assessed after treatment with different doses of Gefitinib (0, 5, 10, 20, 40, and 80 μM) for 72 h. NC negative control.***p < 0.001, data is presented 
as mean ± sd
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Fig. 2 SCD1 inhibits Gefitinib-induced cytotoxicity in lung cancer. a, b The cell vitality of A549 and H1573 cells with or without SCD1 
overexpression was assessed by CCK-8 assay after treatment with Gefitinib (20 μM) and A939572 (1 nM) for 48 h. Meanwhile, the total apoptosis of 
A549 (c) and H1573 cells (d) was also determined by flow cytometry. *p < 0.05, **p < 0.01, data is presented as mean ± sd
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SCD1 protects the cells from Gefitinib-induced apoptosis 
(Fig. 2c, d).

SCD1 inhibition restores Gefitinib‑impaired migration 
and invasion of lung cancer cells
Due to the pro-metastatic effects of EGFR signals in can-
cer cells, other than the cytotoxicity induced by Gefi-
tinib, the function of SCD1 in the ability to migrate and 
invade A549 (Fig. 3a–c) and H1573 cell lines (Fig. 3d–f) 
was estimated. The results revealed that Gefitinib signifi-
cantly repressed the migration and invasion of two cell 
lines, and was attenuated by SCD1 overexpression. These 
results suggested that SCD1 might increase the migra-
tory and invasive ability, although the EGFR signals were 
defective. Indeed, when the SCD1 inhibitor A939572 was 
added, the pro-metastatic effects were remarkably sup-
pressed in A549 and H1573 cell lines. Thus, SCD1 was 
required for EGFR signal-activated metastasis.

SCD1 activates EGFR/PI3K/AKT signals and up‑regulated 
EMT phenotype
Accumulated evidence has demonstrated that SCD1 
promotes the activation of EGFR/PI3K/AKT signaling 
for cell survival, proliferation and chemotherapy resist-
ance in many cancer types. Thus, the activation of EGFR/
PI3K/AKT signaling was analyzed. The results found that 
the lung cancer cells had high levels of activated EGFR/
PI3K/AKT signaling. Gefitinib treatment could impair 
the phosphorylation of EGFR/PI3K/AKT signaling. How-
ever, the cells with overexpressed SCD1 restored the 
phosphorylation of EGFR/PI3K/AKT signaling (Fig.  4a, 
b). The addition of A939572 down-regulated the avail-
ability of SCD1, abrogating this process to reduce the 
resistance to Gefitinib. This in turn led to the activation 
of caspase-3-dependent apoptosis via cleavage of cas-
pase-3 (Fig. 4a, b).

These pathways are critical for the initiation and 
aggravation of metastasis via regulation of EMT pheno-
type. Thus, the EMT phenotype including mesenchy-
mal phenotype N-cadherin and the epithelial phenotype 
E-cadherin were also determined in A549 (Fig. 4c, e) and 
H1573 cell lines (Fig. 4d, f ). The results showed that Gefi-
tinib could inhibit the EMT process via increased E-cad-
herin and decreased N-cadherin expression, but SCD1 
expression promoted the EMT process via re-activation 
of EGFR/PI3K/AKT signaling, leading to the up-regula-
tion of migration and invasion.

SCD1 is required for anti‑tumor effects of Gefitinib in vivo
We herein confirmed the role of SCD1 in Gefitinib 
treatment in  vivo. We established a xenograft model of 
human A549 and the nude mice were administered with 
conditional tumor cells that are SCD1 overexpressed 

or negative control. The nude mice were orally fed with 
A939572 (30  mg/kg, p.o.) or Gefitinib (100  mg/kg, p.o. 
3  days apart), and then the tumor volume  (mm3) was 
recorded. The results showed that Gefitinib promoted 
tumor regression with decreased tumor volume, but 
the mice with SCD1 overexpression abrogated the anti-
tumor role of Gefitinib and promoted the tumor growth 
with increased tumor volume, which was then inhibited 
by SCD1 inhibitor (Fig. 5a, b). The expression of prolifer-
ation index Ki-67 was consistent with the tumor volume 
in each group (Fig.  5c). Mechanistically, the expres-
sion of SCD1 in tumor tissues was inhibited by Gefi-
tinib and A939572, resulting in the decreased activity of 
SCD1 in tumor tissues (Fig.  5d). In parallel to this, the 
mice with SCD1 overexpression showed re-activation of 
EGFR/PI3K/AKT signaling, which was also inhibited by 
A939572 (Fig. 5d). Similar to the in vitro results, the EMT 
phenotype in  vivo was also modulated by SCD1. These 
findings suggested that SCD1 was required for inducing 
the anti-tumor effects of Gefitinib in vivo (Fig. 5e).

Discussion
In China, lung cancer is still the leading cause of cancer 
deaths in 2015. Cytotoxic chemotherapy as a conven-
tional treatment of NSCLC has been gradually changed 
by the development of immunotherapeutic agents 
[22]. Clinical data showed that targeted therapy with 
EGFR inhibitor, TKIs, showed no significant prolonga-
tion in the overall survival and single TKI treatment is 
not enough for the treatment of NSCLC patients due to 
potential cause of drug resistance [23]. SCD1 is a criti-
cal rate-limiting enzyme during the fatty acid metabolism 
pathway and belongs to a family of fatty acyl desatu-
rases [7]. SCD1 is universally present in all mammalian 
cells, with the highest levels in the brain, liver, heart and 
lung. SCD1 is highly expressed in oncogene-transformed 
fibroblasts and in cancer cells [24]. The elevated levels of 
SCD1 are associated with poor prognosis in breast can-
cer patients [25]. Of note, our previous study also showed 
the up-regulated expression of SCD1 in lung cancer tis-
sues, which was correlated with shorter overall survival 
time of patients with NSCLC [14]. In this study, we also 
confirmed that the expression of SCD1 remained to be 
higher in lung cancer cell lines than that in normal lung 
epithelial cells. SCD1 in lung cancer controls cell cycle 
progression, apoptosis, proliferation and cancer stem 
cells [12, 19]. Several evidences have demonstrated that 
the SCD1 activity levels control the oncogenic pheno-
type by regulating the signaling platforms of critical rel-
evance in carcinogenesis, especially the EGFR/PI3K/Akt, 
mTORC and AMPK signaling pathways [26], suggesting 
that SCD1 might be involved in the regulation of EGFR 
TKIs drug resistance though PI3K/Akt signaling pathway. 
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Fig. 3 SCD1 re-activates Gefitinib-impaired migration and invasion in lung cancer. The A549 and H1573 cells with or without SCD1 overexpression 
were treated with Gefitinib (20 μM) and A939572 (1 nM), and the migration and invasion of the cells were assessed by Transwell assay. *p < 0.05, 
**p < 0.01, data is presented as mean ± sd
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Fig. 4 SCD1 activates EGFR/PI3K/Akt signaling and EMT phenotype of lung cancer cells. After treatment with Gefitinib (20 μM) and A939572 
(1 nM), a, b the phosphorylation of EGFR/PI3K/AKT signaling pathway and the expression of caspase-3 were determined by western blotting. The 
expression of E-cadherin and N-cadherin was analyzed by western blotting (c, d) an immunofluorescence (e, f)
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Fig. 5 SCD1 is required for Gefitinib-induced tumor regression in vivo. Human A549 cells were transfected with lentiviral vector of pcDNA3.1-SCD1 
or negative control and subcutaneously injected into nude mice. a, b The tumor size and the mean tumor size  (mm3) were analyzed. c The 
expression of Ki-67 was analyzed in tumor tissues. d The expression of SCD1 was analyzed in tumor tissues. The EGFR/PI3K/AKT signaling, and e the 
EMT phenotype in tumor tissues were also determined by western blotting. *p < 0.05, **p < 0.01, ***p < 0.001, data is presented as mean ± sd
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In this scenario, we explored the effect and mechanism of 
SCD1 in the EGFR inhibitor-based therapy for NSCLC.

We herein found that the lung cancer cells with over-
expressed SCD1 showed high resistance to EGFR inhibi-
tor-induced cytotoxicity with high IC50 values than that 
with relatively low expressed SCD1. This suggested that 
the activity of SCD1 was inhibited during treatment with 
TKIs. Also, in this study, the SCD1-overexpressed lung 
cancer cells were treated with SCD1 inhibitor A939572 
during Gefitinib treatment. We found that A939572 
could significantly impair the phosphorylation of EGFR/
PI3K/Akt signaling, and parallelly suppressed the cell 
vitality, apoptosis in  vitro and tumor growth in  vivo of 
lung cancer cells to restore the sensitivity to Gefitinib.

The correlation between SCD1 and metastasis was 
been found. Mauvoisin et al. found that silencing SCD1 
expression in breast cancer cells has no effect on cell via-
bility, but inhibited GSK3 phosphorylation and β-catenin 
translocation to the nucleus, leading to impaired EMT-
like behavior of the cells. siRNA SCD1 showed a higher 
level of expression of the epithelial marker E-cadherin 
and a lower level of expression of mesenchymal marker 
N-cadherin compared to the control cells [10]. Liu et al. 
also revealed the pro-metastatic effects of SCD1 in lung 
cancer by targeting SCD1, which effectively inhibited 
lung metastasis and prolonged the overall survival of 
mice [27]. This was consistent with our findings in lung 
cancer. Although Gefitinib inhibited the initiation of 
EMT, we reported that SCD1 overexpression re-activated 
the EMT phenotype, which was inhibited by EGFR inhi-
bition, but when the SCD1 activity was repressed by its 
inhibitor, the pro-EMT function was remarkably abro-
gated. These findings were also confirmed in tumor tis-
sues in vivo.

Conclusions
Our data demonstrated that overexpressed SCD1 in lung 
cancer cells is a disadvantage for EGFR-targeting cancer 
therapy of NSCLC. SCD1 impaired Gefitinib-induced 
cytotoxicity and re-activated the EMT phenotype both 
in vitro and in vivo. The addition of SCD1 inhibitor could 
converse these effects via inhibiting SCD1-dependent 
phosphorylation of EGFR/PI3K/Akt signaling in lung 
cancer.

Abbreviations
SFAs: saturated fatty acids; MUFAs: monounsaturated fatty acids; SCD: stearoyl-
CoA desaturases; EMT: epithelial to mesenchymal transition; NSCLC: non-small 
cell lung cancer; TKIs: tyrosine kinase inhibitors; PI3K: phosphatidylinositol-3 
phosphate kinase; EGFR: epidermal growth factor receptor.

Authors’ contributions
KS, SF, WD, PH and JH designed the study. KS, SF, WD, XF, JH, HP and LH carried 
out the experiments. KS, PH and JH carried out data analyses and wrote the 
manuscript. All authors read and approved the final manuscript.

Author details
1 Department of Thoracic Surgery, The First Affiliated Hospital of Guangzhou 
Medical University, Guangzhou Research Institute of Respiratory Disease, 
China Key Laboratory of Respiratory Disease, National Center for Clinical Trials 
on Respiratory Diseases, No. 151 Yanjiangxi Road, Guangzhou, Guangdong 
510120, China. 2 The Central Hospital of Shaoyang City, Shaoyang, Hu’nan, 
China. 3 Affiliated Cancer Hospital & Institute of Guangzhou Medical University, 
Guangzhou, China. 4 Department of Thoracic Surgery, Dongguan People’s 
Hospital, Dongguan, Guangdong, China. 5 State Key Laboratory of Quality 
Research in Chinese Medicine, Macau Institute for Applied Research in Medi-
cine and Health, Macau University of Science and Technology, Macau, SAR, 
China. 6 Department of Pathology, The First Affiliated Hospital of Guangzhou 
Medical University, Guangzhou, China. 

Acknowledgements
We acknowledge and appreciate our colleagues for their valuable efforts and 
comments on this paper.

Competing interests
The authors declare that they have no competing interests.

Availability of data and materials
All data generated or analysed during this study are included in this published 
article.

Consent for publication
Not applicable.

Ethics approval and consent to participate
The present study was approved by the Ethics Committee of The First Affili-
ated Hospital of Guangzhou Medical University.

Funding
This work was supported by the Ph.D. Start-up Fund of Natural Science 
Foundation of Guangdong Province, China (2017A030310153); Foundation of 
bureau of education of Guangzhou for scientific research in Universities and 
Colleges of Guangzhou, China (1201630163); Science and Technology Pro-
gram of health and Family planning Commission of Guangzhou Municipality 
(2017A013010097); the Ph.D. Start-up Fund of Natural Science Foundation of 
Guangdong Province, China (2016A030310273).

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Received: 5 December 2018   Accepted: 28 March 2019

References
 1. Dubey S, Siegfried JM, Traynor AM. Non-small-cell lung cancer 

and breast carcinoma: chemotherapy and beyond. Lancet Oncol. 
2006;7:416–24.

 2. Saito S, Espinoza-Mercado F, Liu H, Sata N, Cui X, Soukiasian HJ. Current 
status of research and treatment for non-small cell lung cancer in never-
smoking females. Cancer Biol Ther. 2017;18:359–68.

 3. Stabile LP, Lyker JS, Gubish CT, Zhang W, Grandis JR, Siegfried JM. 
Combined targeting of the estrogen receptor and the epidermal growth 
factor receptor in non-small cell lung cancer shows enhanced antiprolif-
erative effects. Can Res. 2005;65:1459–70.

 4. Pietras RJ, Marquez DC, Chen HW, Tsai E, Weinberg O, Fishbein M. 
Estrogen and growth factor receptor interactions in human breast and 
non-small cell lung cancer cells. Steroids. 2005;70:372–81.

 5. Forde PM, Ettinger DS. Managing acquired resistance in EGFR-mutated 
non-small cell lung cancer. Clin Adv Hematol Oncol. 2015;13:528–32.

 6. Menendez JA, Lupu R. Fatty acid synthase and the lipogenic phenotype 
in cancer pathogenesis. Nat Rev Cancer. 2007;7:763–77.



Page 11 of 11She et al. Cancer Cell Int          (2019) 19:103 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your research ?  Choose BMC and benefit from: 

 7. Igal RA. Stearoyl-CoA desaturase-1: a novel key player in the mechanisms 
of cell proliferation, programmed cell death and transformation to can-
cer. Carcinogenesis. 2010;31:1509–15.

 8. Ntambi JM. Regulation of stearoyl-CoA desaturase by polyunsaturated 
fatty acids and cholesterol. J Lipid Res. 1999;40:1549–58.

 9. Southam AD, Khanim FL, Hayden RE, Constantinou JK, Koczula KM, 
Michell RH, Viant MR, Drayson MT, Bunce CM. Drug redeployment to kill 
leukemia and lymphoma cells by disrupting SCD1-mediated synthesis of 
monounsaturated fatty acids. Can Res. 2015;75:2530–40.

 10. Mauvoisin D, Charfi C, Lounis AM, Rassart E, Mounier C. Decreasing 
stearoyl-CoA desaturase-1 expression inhibits beta-catenin signaling in 
breast cancer cells. Cancer Sci. 2013;104:36–42.

 11. von Roemeling CA, Marlow LA, Wei JJ, Cooper SJ, Caulfield TR, Wu K, Tan 
WW, Tun HW, Copland JA. Stearoyl-CoA desaturase 1 is a novel molecular 
therapeutic target for clear cell renal cell carcinoma. Clin Cancer Res. 
2013;19:2368–80.

 12. Hess D, Chisholm JW, Igal RA. Inhibition of stearoylCoA desaturase activity 
blocks cell cycle progression and induces programmed cell death in lung 
cancer cells. PLoS ONE. 2010;5:e11394.

 13. Bansal S, Berk M, Alkhouri N, Partrick DA, Fung JJ, Feldstein A. Stearoyl-
CoA desaturase plays an important role in proliferation and chemoresist-
ance in human hepatocellular carcinoma. J Surg Res. 2014;186:29–38.

 14. Huang J, Fan XX, He J, Pan H, Li RZ, Huang L, Jiang Z, Yao XJ, Liu L, Leung 
EL, He JX. SCD1 is associated with tumor promotion, late stage and poor 
survival in lung adenocarcinoma. Oncotarget. 2016;7:39970–9.

 15. Huang GM, Jiang QH, Cai C, Qu M, Shen W. SCD1 negatively regulates 
autophagy-induced cell death in human hepatocellular carcinoma 
through inactivation of the AMPK signaling pathway. Cancer Lett. 
2015;358:180–90.

 16. Zhang Y, Wang H, Zhang J, Lv J, Huang Y. Positive feedback loop and 
synergistic effects between hypoxia-inducible factor-2alpha and 
stearoyl-CoA desaturase-1 promote tumorigenesis in clear cell renal cell 
carcinoma. Cancer Sci. 2013;104:416–22.

 17. Nashed M, Chisholm JW, Igal RA. Stearoyl-CoA desaturase activity modu-
lates the activation of epidermal growth factor receptor in human lung 
cancer cells. Exp Biol Med (Maywood). 2012;237:1007–17.

 18. Zhang J, Song F, Zhao X, Jiang H, Wu X, Wang B, Zhou M, Tian M, Shi B, 
Wang H, Jia Y, Pan X, Li Z. EGFR modulates monounsaturated fatty acid 
synthesis through phosphorylation of SCD1 in lung cancer. Mol Cancer. 
2017;16:127.

 19. Noto A, De Vitis C, Pisanu ME, Roscilli G, Ricci G, Catizone A, Sorrentino G, 
Chianese G, Taglialatela-Scafati O, Trisciuoglio D, Del Bufalo D, Di Martile 
M, Di Napoli A, Ruco L, Costantini S, Jakopin Z, Budillon A, Melino G, Del 
Sal G, Ciliberto G, Mancini R. Stearoyl-CoA-desaturase 1 regulates lung 
cancer stemness via stabilization and nuclear localization of YAP/TAZ. 
Oncogene. 2017;36:4671–2.

 20. Ran H, Zhu Y, Deng R, Zhang Q, Liu X, Feng M, Zhong J, Lin S, Tong X, 
Su Q. Stearoyl-CoA desaturase-1 promotes colorectal cancer metastasis 
in response to glucose by suppressing PTEN. J Exp Clin Cancer Res. 
2018;37:54.

 21. Ding L, Ren J, Zhang D, Li Y, Huang X, Hu Q, Wang H, Song Y, Ni Y, Hou Y. 
A novel stromal lncRNA signature reprograms fibroblasts to promote the 
growth of oral squamous cell carcinoma via LncRNA-CAF/interleukin-33. 
Carcinogenesis. 2018;39:397–406.

 22. Reck M, Popat S, Reinmuth N, De Ruysscher D, Kerr KM, Peters S. Meta-
static non-small-cell lung cancer (NSCLC): ESMO Clinical Practice Guide-
lines for diagnosis, treatment and follow-up. Ann Oncol. 2012;23(7):56–64.

 23. Sun W, Yuan X, Tian Y, Wu H, Xu H, Hu G, Wu K. Non-invasive approaches 
to monitor EGFR-TKI treatment in non-small-cell lung cancer. J Hematol 
Oncol. 2015;8:95.

 24. Zhang L, Ge L, Parimoo S, Stenn K, Prouty SM. Human stearoyl-CoA 
desaturase: alternative transcripts generated from a single gene by usage 
of tandem polyadenylation sites. Biochem J. 1999;340(Pt 1):255–64.

 25. Holder AM, Gonzalez-Angulo AM, Chen H, Akcakanat A, Do KA, Fraser-
Symmans W, Pusztai L, Hortobagyi GN, Mills GB, Meric-Bernstam F. High 
stearoyl-CoA desaturase 1 expression is associated with shorter survival 
in breast cancer patients. Breast Cancer Res Treatment. 2013;137:319–27.

 26. Igal RA. Stearoyl CoA desaturase-1: new insights into a central regulator 
of cancer metabolism. Biochem Biophys Acta. 2016;1861:1865–80.

 27. Liu G, Feng S, Jia L, Wang C, Fu Y, Luo Y. Lung fibroblasts promote meta-
static colonization through upregulation of stearoyl-CoA desaturase 1 in 
tumor cells. Oncogene. 2018;37:1519–33.


	SCD1 is required for EGFR-targeting cancer therapy of lung cancer via re-activation of EGFRPI3KAKT signals
	Abstract 
	Background: 
	Methods: 
	Result: 
	Conclusion: 

	Background
	Materials
	Cell lines and reagents
	Real-time PCR
	Cell transfection and CCK-8 assay
	Western blots
	Immunofluorescence
	The apoptosis analysis
	Transwell assay
	Tumor model
	Immunohistochemistry
	Statistical analyses

	Results
	Overexpressed SCD1 promotes the resistance of EGFR inhibitor-based therapy
	SCD1 is required for Gefitinib-induced cytotoxicity in lung cancer
	SCD1 inhibition restores Gefitinib-impaired migration and invasion of lung cancer cells
	SCD1 activates EGFRPI3KAKT signals and up-regulated EMT phenotype
	SCD1 is required for anti-tumor effects of Gefitinib in vivo

	Discussion
	Conclusions
	Authors’ contributions
	References




