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Background: Salivary adenoid cystic carcinoma (SACC), a rare cancer arising in the 
salivary glands, is characterized by high rates of relapse and distant metastasis. Epidermal 
growth factor receptor (EGFR) has been implicated in SACC carcinogenesis. However, 
prospective trials of EGFR-targeting therapies in SACC are limited, and the optimum regi-
men is unclear.
Methods: The effects of erlotinib on cell proliferation, colony formation, ALDH enzymatic 
activity and tumorsphere formation were investigated in SACC cells. Expression of the 
cancer stem cell markers Bmi-1 and Oct4 was evaluated using Western blotting.
Results: We found that while it robustly inhibited cell growth, targeting EGFR with erlotinib 
enriched the ALDH+ cell population and elevated the clonogenicity of SACC cells, suggest-
ing an increase in stem cell-like potential. In addition, we found that suppression of EGFR 
kinase activity with erlotinib led to the activation of Notch1 signaling, leading to an increase 
in stem cell-like properties. Moreover, the γ-secretase inhibitor GSI treatment eliminated the 
erlotinib-induced increase in stem cell-like properties by decreasing Notch activity.
Conclusion: Our results provide an explanation for the worsened survival observed in some 
studies of erlotinib therapy in SACC and provide potential therapeutic strategies by com-
bined blockade of the EGFR and Notch1 pathways.
Keywords: EGFR, SACC, erlotinib, Notch1, Bmi-1

Introduction
Salivary adenoid cystic carcinoma (SACC), a common subtype of malignant 
salivary gland cancer in the head and neck, accounts for approximately 30% of 
all malignant salivary gland tumors. SACCs are characterized by slow and unpre-
dictable growth, high rates of lung metastasis and a poor prognosis with a 5-year 
survival rate<20% for highly metastatic patients.1 In recent years, complete surgical 
resection combined with postoperative radiotherapy has been the routine treatment 
used for SACC.2 However, SACC patients have a poor prognosis and low survival 
rates because of potential invasiveness and distant metastasis. Therefore, it is 
important to identify novel approaches to treat SACC. Recent molecular pathology 
studies found that EGFR, a tyrosine kinase receptor, plays a vital role in controlling 
tumor invasion, cell proliferation, angiogenesis and cell survival.3 As previously 
reported, 85% of SACC patients exhibit high EGFR expression, which often leads 
to EGFR signal activation, making EGFR a potential molecular target for SACC 
therapy.4 Furthermore, several different EGFR inhibitors that target EGFR and its 
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downstream pathways have been used in clinical trials.5 

Although a substantial proportion of SACC tumors 
showed high EGFR expression, clinical treatment against 
this target exhibited little objective response. Thus, an 
increased understanding of the related mechanisms is 
necessary to improve EGFR-targeted strategies and patient 
survival.

Cancer stem cells (CSCs), which often lead to clin-
ical treatment failure, have emerged as a vital factor in 
cancer chemoresistance, tumor recurrence and cancer 
metastasis. CSCs can promote tumor initiation and main-
tenance by undergoing self-renewal and differentiation. 
Previous studies revealed the presence of SACC CSCs 
expressing CSC-related factors (OCT4, NANOG, SOX2 
and Bmi-1) and some surface markers (CD44, ABCG2, 
CD133).6–8 Bmi-1 had been reported to involve in self 
renewal of neuronal, hematopoietic and mammary stem 
cells, and has been reported in the tumorigenesis of 
various cancers.9–12 As a cancer stem cell marker and 
an important epigenetic regulator, Bmi-1 controls stem 
cell self-renewal through the modification of histones 
and chromatin. In SACC PDX models, the population 
of ALDH+ cells exhibited strong tumorigenic ability, and 
Aldefluor was used as the sole marker to isolate this 
population of CSCs based on ALDH functional 
activities.13 As CSCs often drive both tumorigenesis 
and cancer metastasis, elimination of these cells is 
required for the successful treatment of patients, and 
the development of new therapeutic approaches targeting 
this population is needed. Targeting the signaling path-
ways critical for self-renewal and differentiation is an 
important strategy. Importantly, several candidate path-
ways were identified, including the Wnt, Hedgehog and 
Notch pathways. Notch proteins which play a vital role 
in cell fate decisions are a family of transmembrane 
receptors. As reported, four Notch receptors (Notch 
1–4) and five ligands (Jagged-1 and −2, Delta-like-1, 
−3, and −4) are found in mammalian cells.14 However, 
CSCs usually lie dormant to avoid being killed by che-
motherapeutic drugs.15,16 Therefore, understanding how 
to promote the recovery of CSCs out of this dormant 
stage is quite important.

In our current study, we demonstrated that while tar-
geting EGFR with erlotinib suppressed tumor cell growth, 
it also contributed to the increase of stem cell-like proper-
ties in a Notch1-dependent manner. Our study provides 
a plausible explanation for EGFR treatment failure and 
represents a novel strategy for the treatment of SACC.

Materials and Methods
Cell Cultures and Reagents
The paired SACC-83 and SACC-LM cell lines were estab-
lished by Peking University School of Stomatology. The 
SACC-83 cell line originates from a patient’s sublingual 
gland; SACC-LM cells with enhanced lung metastatic 
behavior were isolated in vivo following injection of 
SACC-83 cells into the tail vein of immunodeficient 
mice. Cells were cultured at 37°C in the humidified atmo-
sphere of 95% air with 5% CO2. All cells were maintained 
in RPMI-1640 (Gibco BRL, Grand Island, NY) supple-
mented with 10% fetal bovine serum (FBS) (Gibco). 
Antibodies against GAPDH, p-EGFR, EGFR, cyclin D1, 
PCNA, Oct4, Bmi-1, Notch1, HES1 and HRP-conjugated 
secondary antibodies were bought from Cell Signaling 
Technology. (Beverley, MA,). The Notch signal inhibitor 
DAPT (GSI-IX, Cat. No:S2215) was purchased from 
Selleckchem.

Western Blotting
Cells grown to 80% confluence were lysed in ice-cold 
RIPA lysis buffer (Cell Signaling Technology) containing 
125 mM Tris–HCl (pH 6.8), 5% w/v SDS, and 24.75% 
glycerol, and subjected to total protein extraction accord-
ing to standard procedure. Total 30 ug protein per lane of 
each sample was loaded and electrophoretically separated 
by 10% SDS–PAGE and then transferred onto polyvinyli-
dene difluoride membranes using a wet transfer system 
(Invitrogen). The membranes were blocked with 5% non- 
fat milk powder in TBS for 1 h and probed with different 
antibodies at 4°C overnight. After thorough washing, the 
blot was incubated with secondary antibody and coupled 
to horseradish peroxidase-conjugated anti-rabbit (1:2000) 
or antimouse IgG (1:2000) for 1 h at room temperature. 
The blots were developed, and the immunoreactive bands 
were scanned and analyzed using the Odyssey Infrared 
Imaging System (LI-COR Biosciences, Lincoln, NE).

Reverse Transcriptase Polymerase Chain 
Reaction (RT-PCR)
Total RNA samples were extracted with TriPure Isolation 
Reagent (Roche, Switzerland) and cDNA prepared from 1 
microg of total RNA using the SuperScript III System 
(Invitrogen Life Technologies). The mRNAs expression 
levels were determined via RT-PCR, using the following 
primers: Notch1 (F: 5ʹ- GCCGCCTTTGTGCTTCTGTT 
C-3ʹ and R: 5ʹ-CCGGTGGTCTGTCTGGTCGTC-3ʹ); 
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Notch2 (F:5ʹ- GTGAACCCTGTAAGAATGGA-3ʹand 
R:5ʹ- TCAGTGCACTCATTGATGTT-3ʹ); Notch3 F:5ʹ- 
AGACGCTCGTCAGTTCTTAG-3ʹ R: 5ʹ- TGGAAAGA 
GAAGAGGATGAA-3ʹ); Notch4 (F:5ʹ-AGTCCAGGCCT 
TGCCAGAACG-3ʹand R: 5ʹ- GTAGAAGGCATTGGCC 
AGAGAG-3ʹ); HES1 (F:5ʹ- AAAATGCCAGCTGATA 
TAATGGAG-3ʹand R: 5ʹ- GGTCTGTGCTCAGCGCAG 
CCGTCA-3ʹ); GAPDH (F: 5ʹ-TCCACCACCCTGTTGC 
TGTA −3ʹ and R: 5ʹ-ACCACAGTCCATGCCATCAC 
-3ʹ); Bmi-1 (F: 5ʹ-TGCTGGAGAACTGGAAAGTG-3ʹ 
and R: 5ʹ-GATGAGGAGACTGCACTGGA-3ʹ);

Cell Viability Assay
Cell Counting Kit-8 (DOJINDO, Kumamoto, Japan) were 
used to examine the cell proliferation ability according to the 
manufacturer’s guidance. SACC-83 cells or SACC-LM cells 
(2000 per well) were seeded in 96-well plates with three 
replicates and cultured overnight. Then cells were treated 
with different erlotinib concentrations. After treatment, ten 
microliters of CCK-8 solution was added with a mixture of 
100 μL fresh medium. Cells were then incubated for another 
4 h at 37 °C in a humidified incubator. Finally, the number of 
viable cells was measured by a microplate reader (Varioskan 
Flash, Thermo Scientific) at optical density (OD) 450 nm. 
Measurements were performed in triplicate.

Analysis of Semisolid Medium 
Anchorage-Independent Colony 
Formation
Both SACC-83 and SACC-LM cells were treated with or 
without erlotinib and suspended in 0.2 mL of Matrigel 
(Sigma). The matrigel was diluted 1: 1 (vol/vol) with 
10% FBS in growth medium. Cell suspensions were then 
placed in each well of a 24-well plate on the top of 
a previously cast semisolid layer. Colonies were cultured 
over 2 weeks at 37°C in a humidified incubator. Colony 
numbers were then counted and photographed in four 
different microscopic fields under an inverted microscope. 
More than 50 aggregated cells were defined to be colonies. 
We calculated the means and standard error of the number 
of colonies in four different microscopic fields. Three 
independent experiments were performed.

Tumorsphere
The sphere formation assay was performed as described 
before.16 Briefly, both SACC-83 and SACC-LM cells were 
cultured in serum free Dulbecco’s modified Eagle’s 

medium (DMEM; Gibco), with or without treatment of 
erlotinib in a low adhesion plate. After 14 days, all the 
spheres were flowed through a 70 μm-filter membrane. 
The spheres that more than 70 μm was counted. The 
efficiency of sphere formation was calculated.

Aldefluor Assay
We used the Aldeflour kit (Stem Cell Technologies, 
Durham) to isolate the high ALDH activity population in 
accordance with the manufacturer’s guidance. SACC cells 
were suspended in ALDH substrate buffer and incubated 
at 37 °C water bath for 50 mins. Cells treated with 50 
mmol/l diethylaminobenzaldehyde (DEAB) of each sam-
ples was used as negative control. Following incubation, 
centrifuge all samples for 5 minutes at 250 x g and remove 
supernatant. Resuspend cell pellets in 0.5 mL of Aldeflour 
Assay Buffer and store the cells on ice. Then flow cyto-
metry was performed to all samples.

Statistical Analysis
SPSS (Statistic Package for Social Sciences) 13.0 was 
used for data analysis. Unpaired Student’s t-tests and 
U-Mann Whitney tests were used for statistical analysis. 
P values <0.05 was considered significant.

Results
Targeting EGFR with Erlotinib Suppressed 
the Proliferation of SACC Cells in vitro
Our previous study demonstrated that EGFR activation is 
required for the lung metastasis of SACC cells, and inhibi-
tion of EGFR by erlotinib could largely decrease the 
migration and invasion abilities of these cells.17 To further 
explore the biological role of erlotinib in SACC cells, we 
first examined the effects of erlotinib on cell proliferation 
and anchorage-independent growth. We identified the 
dose-response curves in two SACC cancer cell lines, 
SACC-83 and SACC-LM cells. As shown in Figure 1A, 
exposure of SACC-83 and SACC-LM cells to erlotinib 
inhibited cell viability in a dose-dependent manner. 
When the erlotinib concentration was 2 uM, the killing 
effects for both the two cells was about 20%. Thus, to 
further explore the effect of erlotinib on ACC cells in 
addition to growth inhibition, we selected 2 uM concen-
tration to stimulate the cells. Moreover, the colony forma-
tion abilities of both SACC-83 and SACC-LM cells were 
significantly suppressed upon treatment with erlotinib 
(Figure 1B).
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As shown in Figure 2, consistent with the inhibitory 
effects of erlotinib on proliferation, expression of p-EGFR, 
cyclin D1 and PCNA detected by Western blotting was 
significantly suppressed compared with that in untreated 
cells. Taken together, these results suggest that targeting 
EGFR with erlotinib inhibited the growth of SACC cells.

EGFR Targeting with Erlotinib-Induced 
Stem Cell-Like Properties in SACC Cells
To examine the possible relationship between EGFR inhibi-
tion and the induction of stem cell-like properties in SACC 
cells, we examined the level of ALDH, a detoxifying enzyme 
that plays an important role in stem cell early differentiation 
and is responsible for the oxidation of retinol to retinoic acid. 
Increased ALDH activity is correlated with several types of 
stem/progenitor cells in both mice and humans. As shown in 
Figure 3A, erlotinib treatment significantly increased the 
ALDH level in both SACC-83 and SACC-LM cells. To 
further confirm these findings, we also performed 
a tumorsphere-formation assay in both SAC-83 and SACC- 

LM cells. To our surprise, erlotinib treatment increased tumor-
sphere formation by approximately 3-fold and 4-fold in 
SACC-83 and SACC-LM cells, respectively (Figure 3B and 
C). Together, these results indicate that targeting EGFR with 
erlotinib conferred stem cell-like properties to SACC cells 
with enhanced tumorsphere formation and ALDH activity.

Erlotinib Treatment Upregulated 
Expression of the CSC Markers Oct4 and 
Bmi-1 in SACC Cells
Our results showed that targeting EGFR with erlotinib 
conferred stem cell-like properties to SACC cells with 
enhanced tumorsphere formation and ALDH activity. To 
further explore the impact of erlotinib on the expression of 
CSC markers in SACC cells, we treated SACC-83 and 
SACC-LM cells with erlotinib and detected the expression 
of Oct4 and Bmi-1 via Western blot analysis. We found 
that erlotinib treatment significantly enhanced the expres-
sion of these stem cell markers (Oct4 and Bmi-1) (Figure 
4) compared with that in the corresponding control cells. 
This result suggested that erlotinib treatment could effec-
tively increase the self-renewal of SACC cells in vitro.

Targeting of EGFR by Erlotinib Activated 
Notch-1 Signaling and Notch-1 Target 
Genes
Activation of Notch signaling regulates a variety of cellular 
processes, including cellular differentiation and the mainte-
nance stem cell characteristics.18 A previous study found 
that inhibition of EGFR kinase activity induced Notch 

Figure 1 Targeting EGFR with erlotinib suppressed SACC cell growth and colony 
formation. (A) The growth of SACC-83 and SACC-LM cells treated with erlotinib 
was analyzed using a CCK-8 kit; symbols represent the mean values of triplicate 
tests (mean ± SD). (B) Microphotographs showing colonies from anchorage- 
independent growth analysis of SACC-83 and SACC-LM cells treated with or 
without erlotinib (2 µM). The bar graphs indicate the mean (and standard error) 
number of colonies from four wells, and statistically significant differences are 
indicated with * (P < 0.01).

Figure 2 Western blot analysis against p-EGFR, EGFR, cyclin D1, and PCNA 
expression in SACC cells treated with erlotinib. (A) The protein expression of 
p-EGFR, EGFR, cyclin D1 and PCNA in SACC-83 cells treated with erlotinib (2uM, 
3days) was analyzed by Western blot analysis. (B) The protein expression of 
p-EGFR, EGFR, cyclin D1 and PCNA in SACC-LM cells treated with erlotinib 
(2uM, 3days) was analyzed by Western blot analysis.
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activation and enriched the population of ALDH high+ 

cells.19 To further detect whether the Notch signaling path-
way was also activated in erlotinib-treated SACC cells, we 
first examined the expression of Notch1–4 receptors and the 

Notch target genes HES1 and HEY1 at the mRNA level 
using RT-PCR. Interestingly, SACC-83 and SACC-LM cells 
exhibited increased expression of the Notch target gene 
HES1 and the CSC marker Bmi-1 at the mRNA level. 

Figure 3 Erlotinib treatment increased the fraction of ALDH+ cells and the sphere-forming ability of SACC cells. (A) SACC-83 and SACC-LM cells were treated with 
DMSO or 2 µM erlotinib for 3 days and subjected to an ALDEFLUOR assay to detect ALDH+ cells. A portion of the cells was preincubated with the ALDH inhibitor DEAB 
(+DEAB) to provide a gate (ALDH cells) for flow cytometry. (B) SACC-83 and SACC-LM cells were treated with DMSO or 2 µM erlotinib for 3 days and subjected to 
a sphere-forming assay. Scale bar= 200 μm. (C) Tumorsphere formation (mean ± SD from 3 separate experiments) was measured in SACC-83 and SACC-LM cells with or 
without erlotinib treatment. * means p<0.05.
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However, the expression of the other Notch receptors was 
not significantly different (Figure 5A), and no Notch3 or 
HEY1 was detected (data not shown). To further investigate 
this finding, we detected the expression of these markers by 
Western blotting. As shown in Figure 5B, Notch1 was sig-
nificantly increased in both SACC-83 and SACC-LM cells 
treated with erlotinib. Furthermore, the expression of HES1 
and Bmi-1, which are target genes downstream of Notch1, 
was upregulated in cells treated with erlotinib (Figure 5B). 
These findings clearly indicate that erlotinib treatment could 
activate the Notch1 signaling pathway in SACC cells.

GSI Treatment Decreased Notch Activity 
and Eliminated Erlotinib-Induced Stem 
Cell-Like Properties
GSIs, the major Notch pathway inhibitors examined in 
clinical trials, can prevent intracellular domain release 
into the cytoplasm and subsequent translocation to the 
nucleus by inhibiting cleavage of the Notch receptor.20 In 
this study, we found that the EGFR inhibitor erlotinib 
activated Notch activity and increased stem cell-like prop-
erties. We sought to determine whether these erlotinib- 
induced effects could be inhibited by treatment with GSI, 
a novel γ-secretase inhibitor that inhibits Aβ production 
(GSI-IX, DAPT). As shown in Figure 5B, erlotinib treat-
ment increased the expression of HES1, Bmi-1 and Oct4 
in both SACC-83 and SACC-LM cells, but this effect was 
sensitive to GSI treatment. Moreover, combined treatment 
with a GSI and erlotinib reduced the number of tumor-
spheres formed by both SACC-83 and SACC-LM cells 
compared to that upon treatment with erlotinib alone 
(Figure 5C and D). These results support the hypothesis 

that targeting EGFR with erlotinib enriches CSC proper-
ties through the activation of Notch signaling. More 
importantly, our research also provides a potential clinical 
strategy to overcome this effect in the form of combined 
Notch and EGFR inhibition.

Discussion
In this study, we show that while EGFR targeting in SACC 
significantly inhibited tumor cell growth, it also exten-
sively enriched stem cell-like properties by inducing 
Notch signaling. As a receptor tyrosine kinase, EGFR 
plays an important role in controlling tumor cell prolifera-
tion, invasion, motility, adhesion and angiogenesis.3 In 
total, 85% of patients with SACC present with EGFR 
overexpression.4 Our previous study reported that EREG 
promotes SACC lung metastasis by inducing Snail and 
Slug expression via the activation of EGFR signaling.17 

For metastatic SACC patients with EGFR activation with-
out a genetic mutation, EGFR-targeted therapy may repre-
sent a novel treatment strategy. However, clinical studies 
on EGFR inhibitors did not report any major objective 
responses.2 Thus, uncovering the specific molecular details 
underlying the progression of SACC may contribute to the 
discovery of effective and new strategies for EGFR- 
targeted therapy.

CSCs are a distinct tumor cell population that plays an 
important role in tumor recurrence and metastatic spread.7 

Previous studies identified SACC CSCs expressing CD44, 
ABCG2, and CD133, which are surface markers, and the 
other CSC-related factors SOX2, OCT4, NANOG and Bmi- 
1.8 Upregulation of these stemness regulators is crucial to 
maintain self-renewal ability and support the pluripotent 
state by controlling cellular reprogramming in both somatic 
and malignantly transformed normal cells.20,21 Therefore, 
the identification of CSCs might pave the new way for 
therapeutic strategies for SACC. To date, the effect of 
EGFR inhibitors on CSC characteristics in SACC remains 
unclear. In this study, we show that treatment of SACC cells 
with the EGFR inhibitor erlotinib enhanced CSC-like prop-
erties. We found a relationship between EGFR inhibition 
and the induction of stem cell-like properties in SACC cells. 
Targeting EGFR with erlotinib increased the level of ALDH 
activity and tumorsphere formation in SACC cell lines. 
Additionally, expression of the CSC markers Oct4 and 
Bmi-1 was elevated. These results suggest an important 
cross-regulatory mechanism between EGFR and CSCs in 
SACC. Furthermore, our study is consistent with a recent 
study that also suggested that the EGFR inhibitors erlotinib 

Figure 4 Erlotinib treatment increased the expression cancer stem cell markers. 
Western blot analyses for Oct4 and Bmi-1 were carried out in SACC-83 and SCC- 
LM cells treated with or without erlotinib for 3 days.
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and gefitinib enhanced CSC-like features in lung cancer 
cells.19

Activation of Notch signaling regulates a variety of 
cellular processes, including cellular differentiation, cell 
proliferation, apoptosis, and the maintenance of stem cell 
properties.18 Cross regulation between EGFR and Notch 
signaling has been well documented, and these pathways 

can be either synergistic or antagonistic, depending on the 
tissue and developmental context.22 EGFR signaling 
could negatively regulate Notch1 gene expression 
through downregulating transcription of the p53 gene. 
Moreover, inhibition of EGFR activity also caused 
Notch signal activation and activated Notch transcrip-
tional target genes in a γ-secretase inhibitor-sensitive 

Figure 5 Inhibition of Notch activation with a GSI prevented erlotinib-induced stem cell-like properties in SACC cells. (A) RT-PCR was used to analyze Notch1, Notch2, 
Notch4, HES1 and Bmi-1 mRNA levels in SACC-83 and SACC-LM cells treated with 2 µM erlotinib for 3 days. (B) Western blotting was used to analyze Notch1, HES1, Bmi- 
1 and Oct4 protein levels in SACC-83 and SACCLM cells treated with 2 µM erlotinib or a combination of 2 µM erlotinib and a GSI (2 µM). (C) SACC-83 and SACC-LM cells 
were treated with 2 µM erlotinib or a combination of 2 µM erlotinib and a GSI (2 µM) for 3 days and subjected to a sphere-forming assay. (D) Tumorsphere formation (mean 
± SD from 3 separate experiments) was measured in SACC-83 and SACC-LM cells treated with 2 µM erlotinib or a combination of 2 µM erlotinib and a GSI (2 µM) for 3 
days. * means p<0.05.
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manner.23 Our study revealed that Notch1 and its down-
stream target genes HES1 and Bmi-1 were significantly 
upregulated in both SACC-83 and SACC-LM cells trea-
ted with erlotinib. Combined treatment with a GSI and 
erlotinib inhibited the expression of HES1, Bmi-1 and 
Oct4 and reduced the number of formed tumorspheres 
in both SACC-83 and SACC-LM cells, indicating 
a potential clinical strategy to overcome EGFR inhibitor 
treatment failure through combined EGFR and Notch 
inhibition.

Taken together, these results show that inhibition of 
EGFR induces stem cell-like properties in SACC cells by 
potentially inducing Notch1 expression. Therefore, the use 
of Notch1 inhibitors may be beneficial for SACC with 
EGFR inhibitor treatment failure.
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