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Abstract. Rapamycin, a mammalian target of rapamycin 
(mTOR) signaling inhibitor, inhibits cancer cell proliferation 
and tumor formation, including in nasopharyngeal carci-
noma (NPC), which we proved in a previous study. However, 
whether rapamycin affects cancer stem cells (CSCs) is unclear. 
In examining samples of NPCs, we found regions of CD44-
positive cancer cells co-expressing the stem cell biomarker 
OCT4, suggesting the presence of CSCs. Following this, we 
used double-label immunohistochemistry to identify whether 
the mTOR signaling pathway was activated in CD44-positive 
CSCs in NPCs. We used a CCK-8 assay and western blot-
ting to explore whether the stem cell biomarkers CD44 and 
SOX2 and the invasion protein MMP-2 could be suppressed 
by treatment with rapamycin in cultured primary NPC cells 
and secondary tumors in BALB/c nude mice. Interestingly, we 
found that rapamycin inhibited mTOR signaling in addition to 
simultaneously downregulating the expression of CD44, SOX2 
and MMP-2 and that it affected cell growth and tumor size and 
weight both in vitro and in vivo. Collectively, we confirmed 
for the first time that CSC properties are reduced and inva-
sion potential is restrained in response to mTOR signaling 
inhibition in NPC. This evidence indicates that the targeted 
inhibition of CSC properties may provide a novel strategy to 
treat cancer.

Introduction

Nasopharyngeal carcinoma is a type of epithelial carcinoma 
that is located in the nasopharynx and can easily invade the 

skull base and metastasize. A high incidence of NPC exists 
mainly in Southern China and Southeast Asia (~15-30 cases 
per 100,000 persons per year), but NPC is rare in Western and 
North American countries. There are many factors associated 
with the incidence of NPC, such as ethnic genetic differences, 
Epstein-Barr virus, and the consumption of salted fish and 
nitrosamine-containing foods (1-3). With newer strategies for 
treating NPC, the 3-year survival rate of NPC patients who 
are sensitive to radiation therapy is high (there are various 
survival rates corresponding to different regions, ranging 
from 48 to 83.5%). Some cases of advanced-stage cancer will 
be lethal because of skull base and neck lymph node invasion 
and distant metastasis (1,4,5). Therefore, some subpopulation 
of cancer cells may not be affected by radio- or chemotherapy 
against NPC; these cells are called CSCs (6).

Within an overall population of cancer cells, the CSC 
subpopulation, which is capable of strengthening proliferation, 
invasion, metastasis, tumorigenesis, heterogeneity and thera-
peutic resistance in tumors (7, 8), is very small. These cells also 
possess the ability to initiate tumor growth, and they maintain 
tumor self-renewal, even when they are implanted into mice 
after many passages, such as in the cases of leukemia (9) and 
brain cancer (10). However, the origin of CSCs is still unclear. 
Some evidence suggests that they arise from adult stem cells 
because they possess biomarkers that are similar to such cells 
(11); other evidence shows that CSCs are subpopulations of 
progenitor cells (12). It has also been argued that they originate 
from dedifferentiated cancer cells (13,14). However, opinions 
regarding their origin have not yet reached a consensus. 
Additionally, researchers are seeking new biomarkers to label 
and track CSCs. For instance, CD133 is a biomarker that was 
first confirmed in acute leukemia. CD133-positive cancer 
cells have stem cell properties, including indefinite growth, 
self-renewal and maintenance of tumor mass (15). CD44 is a 
CSC biomarker that has been identified in head and neck squa-
mous cell carcinoma (HNSCC), in which CD44-positive cells 
possess the CSC properties of self-renewal and differentiation 
(16). In NPC, CD44 has also been confirmed as a biomarker 
of CSCs. CD44-positive cells have a higher survival rate than 
that of CD44-negative cells after treatment with cisplatin and 
docetaxel (17). The embryonic stem cell markers SOX2 and 
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OCT4 also play substantial roles in the regulation of CSCs in 
ovarian carcinoma (18) and HNSCC (19), respectively.

mTOR is a serine/threonine kinase that is included in the 
PI3K/AKT/mTOR cascade; it is activated by phosphoryla-
tion. mTOR signaling regulates the downstream transcription 
factors ribosomal protein p70, S6 kinase and eIF4E-binding 
protein 1 (4E-BP1) and maintains cell growth and prolifera-
tion (20,21). Many studies have demonstrated that the mTOR 
signaling pathway plays an important role in regulating CSC 
expression and survival (22,23).

In this study, we investigated CD44 expression in NPC 
cells and determined that CD44-positive cells also expressed 
OCT4 in human tumor tissue samples. Then, we examined 
whether mTOR signaling was activated in NPC cells in vitro 
and in vivo. Furthermore, we used rapamycin to block mTOR 
signaling to inhibit the proliferation and tumorigenesis of NPC 
cells and to assess its potential to inhibit CD44, SOX2 and 
OCT4 in cultured primary NPC cells and secondary tumors. 
Additionally, we examined whether the expression of the inva-
sion proteins MMP-2 and MMP-9 was suppressed by blocking 
mTOR signaling in secondary NPC tumors and whether 
tumor sizes and weights were also affected. Briefly, rapamycin 
affected various properties of NPC CSCs, which provides an 
indirect strategy for targeting CSCs to treat cancers.

Materials and methods

Nasopharyngeal tumor tissues. Human NPC specimens were 
obtained from the patients who underwent surgical resection 
at the Department of Otolaryngology, the First Affiliated 
Hospital, Wenzhou Medical University between 2005 and 
2013. Tumors were diagnosed and classified at the Department 
of Pathology of the hospital by the pathologists according to 
the World Health Organization (WHO) guideline (24). Patients 
ranged in age from 31 to 81 years with a mean of 55.9 years. 
The tumors were obtained and fixed in 10% formaldehyde and 
embedded in paraffin for histopathological and immunohis-
tochemical analysis. All studies on patients were conducted 
following the protocol approved by the Institutional Research 
Review Board at Wenzhou Medical University, China.

Cell culture and drug test. The NPC cells were cultured from 
the primary tumor tissue isolated from a 54-year-old male 
patient, after obtaining written informed consent under proto-
cols approved by the Human Research and Ethics Committee 
of the First Affiliated Hospital, Wenzhou Medical University. 
The NPC cells were cultured in the medium RPMI-1640 
(Gibco, USA) containing 10% fetal bovine serum (Gibco), 
1% penicillin-streptomycin, at 37˚C and humidified in 5% CO2. 
Cells were passaged by trypsinization and experiments were 
performed from 12th to 18th passages. The detail protocol in 
brief is in our previous study (25).

NPC cells were from the exponential growth and cultured 
in 96-well plates at 5x103 cells/well in 200 µl or 6-well plates 
at 1.5x105 cells/well in 3 ml of culture medium. Each treat-
ment condition was tested in 4 replicate wells. Either vehicle 
(DMSO with PBS) or rapamycin was used to treat cultured 
NPC cells at different concentrations (from 0 to 100 nM) at 
37˚C for 72 h. Then the cells in 96-well plates were counted 
by Cell Counting Kit-8 assay (CCK-8; Dojindo, Japan). The 

different numbers of cells, 5x103-8x104, were cultured to be 
counted by CCK-8 for calculation of calibration curve. Cell 
number was calculated using the formula: relative cell number 
= OD (absorbance of treated cells with medium - absorbance of 
only medium) x (calibration cells - constant) / OD (absorbance 
of calibration cells). The cells in 6-well plates were harvested 
for western blotting.

In vivo studies. All procedures performed in studies involving 
animal experiments were approved by the Committee on the 
Use and Care on Animals and in accordance with the institu-
tion guidelines. Four-week-old male BALB/c nude mice were 
fed in the SPF grade room and anesthetized and implanted 
with 5x106 18th passage cultured primary NPC cells in the 
right flank subcutaneously. The mice were randomly sepa-
rated into two groups with 6 mice in each group. Mice were 
intraperitoneally injected with vehicle solution (75% DMSO 
and 25% PBS) (26) or rapamycin (2.0 mg/kg/day) from 14th to 
28th day after cell implantation. The length and width of 
tumors were measured every other day. The volume of the 
tumors was calculated as the formula: 0.4 x length x (width)2. 
At the 28th day after cell implantation, following euthanasia 
tumors were harvested. After weighed, parts of the tumors 
were fixed with 4% paraformaldehyde followed by paraffin- 
embedding and sectioning and parts of them were mashed 
and the proteins extracted. The sections were stained with 
hematoxylin and eosin (H&E) or immunohistochemistry. The 
proteins were stained with western blotting.

Western blot analysis. NPC cells, scraped from flask or plate, 
and secondary tumor tissues were mashed with PBS containing 
1% phenylmethyl sulfonylfluoride (PMSF) and then centri-
fuged to remove supernatant and sequentially proteins were 
isolated as the guide of protein extraction kit (Sigma, USA) 
with phosphorylase and metalloproteinase inhibitor cocktail. 
The concentrations of the proteins were assayed by BCA 
Protein Assay kit (Sigma). Proteins (50 µg for tissue, 20 µg 
for cell) were boiled at 100˚C in SDS sample buffer for 5 min, 
electrophoresed on 12 or 8% SDS/PAGE gels, transferred to 
0.45 µm bore diameter polyvinyldifluoridine membranes. 
Membranes were incubated overnight at 4˚C stained with 
primary anti-human antibodies from one of the following 
primary antibodies: rabbit anti-mTOR, rabbit anti-P-mTOR 
(Ser2448), rabbit anti-4E-BP1, rabbit anti-phospho-4E-BP1 
(Thr37/46), rabbit anti-MMP-2, rabbit anti-MMP-9, mouse 
anti-CD44 and mouse anti-SOX2 (all were 1:1,000 and from 
Cell Signaling Technology); rabbit anti-OCT4 (1:1,000, from 
Sigma). Membrane was washed with solution of PBS/0.1% 
Tween-20 for three times at 10 min per time, incubated at 
room temperature for 60 min with horseradish peroxidase-
conjugated anti-rabbit or anti-mouse secondary antibody 
(1:5,000; Bioworld), and washed three times for 15 min with 
PBS/0.1% Tween-20. Peroxidase activity was visualized by 
chemiluminescence (NEN Life Science Products, Boston). 
Differences in protein expression were quantified by using a 
GS-710 calibrated imaging densitometer and Quantity One 
software (Bio-Rad).

Immunocytochemistry and immunohistochemistry. The 
tissues embedded in paraffin were cut at 4-µm thickness and 
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sections were deparaffinized with xylene twice and rehydrated 
with ethanol from 75 to 100%, following antigen retrieval 
using microwave. Cells growing on coverslips were fixed with 
4% parafomaldehyde for 20 min, and then washed with PBS. 
After blocking peroxidase activity with 3% H2O2 (omitting for 
immunofluorescence), coverslips or sections were permeated 
by 1% Triton X-100 for 10 min and blocked by 5% goat serum 
in PBS for 30 min at room temperature. Primary antibodies 
were rabbit polyclonal anti-P-mTOR and anti-CD44 (Cell 
Signaling; 1:100 and 1:400), rabbit polyclonal anti-OCT4 
(Sigma; 1:200). Primary antibodies were added in blocking 
buffer and incubated with sections at 4˚C overnight. Sections 
were then washed with PBS and incubated with horseradish 
peroxidase-conjugated anti-rabbit or anti-mouse secondary 
antibody or goat FITC-conjugated anti-rabbit or TRITC-
conjugated anti-mouse antibody (1:200) for 1 h at room 
temperature. A diaminobenzidine (Vector Laboratories) were 
used to obtain a visible reaction product. Controls for immu-
nohistochemistry included preabsorption and coincubation of 
the antibodies with the corresponding antigens. Sections were 
dehydrated, sealed with Canada balsam or anti-fade mounting 
medium (Dako). A Leica microscope and a Leica digital color 
camera were used for examination and photography of the 
slides, respectively.

Double-label immunocytochemistry. NPC tumor sections 
were deparaffinized, rehydrated, antigen retrieval and cultured 
cell coverslips were permeated, blocked as described above. 
The primary antibodies used were mouse anti-human CD44 
(1:400) and rabbit monoclonal anti-pmTOR antigen (1:100) or 
mouse anti-human CD44 (1:400) and rabbit monoclonal anti-
OCT4 antigen (1:200) at 4˚C overnight. Then the sections or 
coverslips were washed with PBS three times for 15 min. The 
secondary antibodies were goat FITC-conjugated anti-rabbit 
or TRITC anti-mouse antibody (1:200) which were incubated 
at room temperature for 1 h. Nuclei were counterstained with 
DAPI. Coverslips were sealed using antifade reagent (Dako). 
Fluorescence signals were detected using a Leica microscope. 
Images were acquired using Leica digital color camera and 
merged using Leica digital software. Selected images were 
viewed at high magnification (400x). Controls will include 
omitting either the primary or preabsorbing primary antibody 
or secondary antibody.

Statistical analysis. Results were reported as the mean ± 
standard deviation for each separate experiment. Data were 
analyzed using Student's t-test or one-way analysis of variance 
(ANOVA) for comparison among groups. Differences between 
groups were statistical significance at P<0.05.

Results

We demonstrated that mTOR signaling was activated in 
CD133-positive cancer cells in human primary NPC in a 
previous study. In the present study, our aim was to deter-
mine whether CD44 was expressed in human primary NPCs 
and to determine whether mTOR signaling was activated 
in CD44-positive cells. First, we immunohistochemically 
compared NPC sections with nasopharyngitis sections using 
an anti-CD44 antibody. In the NPC sections, we found groups 

of epithelial cancer cells that were CD44-positive (Fig. 1C), 
some of which co-expressed the stem cell biomarker OCT4 
(Fig. 1C and D); the two biomarkers were rarely expressed 
in nasopharyngitis sections (Fig. 1A and B). This evidence 
suggests that the CD44/OCT4-expressing cancer cells in 
the NPC sections were CSCs. Many studies have reported 
that the mTOR signaling pathway plays a significant role in 
maintaining cancer cell growth dysfunction and migration; 
therefore, we investigated the role that mTOR signaling played 
in NPC CSCs. Following this, the active form of mTOR, 
phosphorylated mTOR, was stained for immunohistochemical 
detection, and we found that it was predominantly expressed 
in the cytoplasms of CD44-positive cells (Fig. 2C and D); it 
was rarely detected in controls (Fig. 2A and B). These results 
demonstrated the existence of CSCs in NPC and that mTOR 
signaling was abnormally activated in such CSCs.

To decipher the important regulatory role of mTOR 
signaling in NPC CSCs, we performed experiments on cultured 
cells. To closely mimic human primary NPC, we performed 
the experiments using cultured primary NPC cells. We 

Figure 1. CD44-positive cancer cells in NPC tissues and nasopharyngitis 
epithelial cells. (A) CD44 (red) was expressed in only a few nasopharyngitis 
epithelial cells, and OCT4 was rarely detected in these cells. (B) The merged 
image shows little co-expression of CD44 and OCT4 (green) in nasopharyn-
gitis epithelial cells. (C) CD44 and OCT4 were expressed in select regions 
of NPC tissue sections, mainly in epithelial areas instead of lymph regions. 
Double-immunolabeling showed that some regions contained co-expression 
of CD44 and OCT4. (D) Cell nuclei were counterstained with DAPI (blue), 
and the right panel shows the merged color. The magnification is 50 µm.
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detected CD44 expression in the NPC cell line CNE2 and in 
12th passage primary NPC cells. As shown in Fig. 3A, subsets 
of the cancer cells were CSCs. Next, we investigated whether 
other stem cell biomarkers were expressed in the CSCs, as the 
biomarkers that mark CSCs are not uniform. We found that 
the embryonic stem cell marker OCT4 was expressed in the 
CD44-positive cells, proving the expression of CD44 in NPC 
cells (Fig. 3B). Furthermore, the properties of NPC CSCs were 
studied by treating NPC cells with rapamycin to determine 
whether inhibition of the mTOR signaling pathway would 
reduce the number of CD44-positive cells and depress cancer 
cell proliferation. We used a CCK-8 cell count kit to assay the 
inhibition efficiency of rapamycin in cancer cells. The results 
showed that cancer cells were inhibited by rapamycin in a 
dose-dependent manner (Fig. 4C). Subsequently, a semiquan-
titative western blotting was used to investigate the expression 
of CD44 to determine whether the NPC CSCs were affected 
by rapamycin. As a result, both P-mTOR and the downstream 
effector, phosphorylated 4E-BP1 (P-4E-BP1), became gradu-

ally suppressed by rapamycin as the dose increased, and cell 
proliferation was inhibited (Fig. 4C). However, the expression 
levels of the mTOR and 4E-BP1 proteins were barely reduced 
(Fig. 4A and D). Intriguingly, rapamycin not only inhibited 
mTOR signaling but also depressed the expression of CD44 
and SOX2 in CSCs. However, a 72-h treatment with rapamycin 
did not significantly reduce the expression of OCT4 (Fig. 4B 
and E). These data suggest that rapamycin inhibited CSCs 
by inhibiting mTOR signaling and that it also inhibited the 
proliferation of NPC cells.

To uncover the mechanism of rapamycin-mediated inhibi-
tion of mTOR signaling in NPC cells, we investigated whether 
the signaling was activated in CSCs in secondary NPC tumors 
in BALB/c nude mice and whether rapamycin could inhibit 
tumor growth and NPC CSCs in vivo. We detected many CD44-
positive NPC cells that co-expressed OCT4 in vitro (Fig. 5A 
and B); they also expressed P-mTOR (Fig. 5C and D). These 
results showed that mTOR signaling was activated in CSCs 
in secondary NPC tumors. However, it is unknown whether 
rapamycin affects CSC biomarker expression and tumori-
genesis by inhibiting mTOR signaling in vivo. Therefore, we 
performed semiquantitative western blotting to detect CD44, 
SOX2 and OCT4 expression levels in secondary tumors in 
groups treated with either rapamycin or vehicle. CD44 and 
SOX2 were significantly inhibited following the inhibition of 
mTOR signaling (Fig. 7A and C), and the volumes and weights 
of tumors in rapamycin-treated mice decreased compared to 
those in control mice (Fig. 6). However, the expression levels 
of the biomarker OCT4 were not different between the two 

Figure 2. mTOR signaling pathway activation in CD44-positive cancer cells 
and nasopharyngitis epithelial cells. (A) P-mTOR was expressed in a very 
small number of nasopharyngitis epithelial cells. (B) In these cells, there 
was sparse co-expression of OCT4 and P-mTOR, suggesting that the mTOR 
signaling pathway was almost inactive. (C and D) The orange color (in the 
right panel) represents the region containing co-expression of CD44 (red) 
and P-mTOR (green). It shows that the active mTOR protein, P-mTOR, was 
expressed in CSC-containing regions of NPC tissue sections, suggesting that 
the mTOR signaling pathway was activated mainly in NPC CSCs. Cell nuclei 
were counterstained with DAPI (blue).

Figure 3. CD44, a CSC biomarker, was expressed both in the NPC cell 
line CNE-2 and in 12th passage cultured primary NPC cells, and it was 
co-expressed with another CSC biomarker, OCT4, in cultured primary NPC 
cells. (A) Regions of CNE-2 cells and NPC cells expressing the CSC bio-
marker CD44. (B) Double-immunolabeling showed that CD44-positive cells 
(green) were CSCs, which co-expressed OCT4 (red) in 13th passage cultured 
primary NPC cells. Cell nuclei were counterstained with DAPI (blue).
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groups (Fig. 7A and C). If the properties of the CSCs were 
blocked by rapamycin in the secondary tumors, then the expres-
sion of migration biomarkers in cancer cells and CSCs would 
be reduced. Therefore, we further investigated the invasion 
markers MMP-2 and MMP-9 to determine whether invasion 
potential was suppressed following the inhibition of mTOR 
signaling. We found that rapamycin significantly inhibited 
MMP-2, but not MMP-9, compared with the control (Fig. 7B 
and D), suggesting that mTOR signaling plays significant roles 
both in maintaining NPC CSCs and in cancer progression.

Discussion

In the present study, we investigated the expression of CD44 in 
NPC cells and determined whether mTOR signaling was acti-
vated in CD44-positive cells. We demonstrated that CD44 was 
partially expressed both in primary NPC tumor sections and 
in secondary tumor sections, suggesting that NPCs contain 
CSCs. Furthermore, we demonstrated that CD44-positive 
cancer cells can renew themselves or maintain their pheno-
types when they are implanted in nude mice. Furthermore, 
these cells also expressed OCT4 and mTOR proteins, which 
suggested that mTOR signaling was activated in NPC CSCs. 

Moreover, we investigated whether rapamycin could inhibit 
the expression of CSC biomarkers in NPC. We found that 
CD44- and SOX2-positive CSCs were inhibited if we inhib-
ited mTOR signaling, which prevents the proliferation of NPC 
cells and reduces secondary tumor volume and weight, but 
OCT4-positive CSCs were not significantly affected either 
in vitro or in vivo. Additionally, we detected invasion potential 
by evaluating MMP-2 and MMP-9 proteins, and the results 
showed that it was partially inhibited by rapamycin. Our find-
ings demonstrated that mTOR signaling is activated in cancer 
stem cells and may play an important role in NPC tumorigen-
esis and progression.

CD44 is a transmembrane receptor for hyaluronan, and 
the binding of these two molecules plays a role in cellular 
behavior by activating multiple signaling pathways, as well 
as by affecting components involved in cell adhesion to 
extracellular matrix, cell proliferation, angiogenesis, tumor 
cell migration and cancer chemotherapy resistance (27,28). 
Importantly, CD44 has been identified as a biomarker of CSCs, 
which have the properties of self-renewal, clonal formation, 
and tumorigenesis in vivo, such as in colorectal cancer (29) 
and prostate cancer (30). In prostate cancer, CD44 is inhib-
ited by rapamycin via its inhibition of mTOR signaling (31). 

Figure 4. Rapamycin inhibited cell growth by inhibiting mTOR signaling in cultured primary NPC cells as detected by CCK-8 assay and western blotting. 
CD44 and SOX2 were suppressed by rapamycin treatment, whereas OCT4 was less affected. (A) P-mTOR and a downstream effector, the phosphorylated 
4E-BP1 protein (P-4E-BP1, active 4E-BP1), were gradually suppressed as the concentration of rapamycin increased (from 20 to 100 nM). In contrast, total 
mTOR and 4E-BP1 were not significantly affected in cultured primary NPC cells. (B) Various concentrations of rapamycin inhibited CD44 and SOX2, but 
OCT4 was rarely affected. (C) The number of NPC cells decreased gradually as the dose of rapamycin (from 10 to 100 nM) increased, demonstrating that 
NPC cell growth was inhibited by rapamycin. (D) The relative gray value ratios of P-mTOR to mTOR and P-4E-BP1 to 4E-BP1 at various concentrations of 
rapamycin, in which higher concentrations of rapamycin inhibited mTOR signaling more prominently compared to the normal control group (0 nM). (E) The 
relative expression levels of SOX2 to GAPDH and OCT4 to GAPDH, in which SOX2 was differentially inhibited by various concentrations of rapamycin, 
whereas OCT4 was not suppressed in cultured primary NPC cells. *P<0.05.



YANG et al:  RAPAMYCIN INHIBITS CANCER STEM CELL PROPERTIES IN NASOPHARYNGEAL CARCINOMA914

Although CD44 has been identified as a cancer stem-like cell 
biomarker in NPC cell lines, its potential role in tumorigenesis 
has not been proven in vivo (17). In this experiment, we found 
that CD44 was expressed in select regions of NPCs and was 
co-expressed with the stem cell biomarker OCT4 both in vitro 
and in vivo, suggesting that CSCs exist in NPCs.

SOX2 and OCT4, two stem cell markers, play critical roles 
in maintaining self-renewal and differentiation potential in 
embryonic stem cells (32,33). In recent years, SOX2 and OCT4 
have been identified as biomarkers of CSCs, which regulate 
proliferation, maintenance of self-renewal capacity, and 
tumorigenicity, such as in glioblastoma tumor-initiating cells 
(34), HNSCCs (19) and esophageal squamous cell carcinomas 
(35). We found that OCT4 was expressed in CD44-positive 
cancer cells in NPCs. We also found that SOX2, but not OCT4, 
is downregulated following treatment with rapamycin through 
the rapamycin inhibitory effect on mTOR signaling, which is 
accompanied by CD44 suppression. These findings suggest 
that rapamycin inhibits CSCs by inhibiting mTOR signaling 

and that various CSC biomarkers may have roles in signaling 
pathways.

mTOR is a highly conserved serine-threonine kinase in 
mammals (animals and humans). It contains two components, 
mTORC1 and mTORC2 (20); mTORC1 has important roles 
in maintaining tissue homeostasis, cell proliferation, differen-
tiation, hematopoietic function and leukemogenesis (36,37). 
Increasing evidence has shown that mTOR signaling is activated 
in cancer cells and CSCs (38), which regulate proliferation, 
self-renewal and survival (39). However, the underlying mecha-
nism of mTOR signaling in regulating the expression of CSCs 
is still elusive. For example, Matsumoto and colleagues found 
that inhibiting mTOR signaling upregulates CD133 expression 
in a CD133-overexpressing cancer cell line (40). Importantly, 
in breast cancer, rapamycin treatment inhibits the self-renewal 
and proliferation of breast CSCs (BCSCs), which are more 
susceptible to the drug than are non-BCSCs (41). Similarly, 

Figure 5. Regions of cultured primary NPC cells expressing the CSC biomarker 
CD44; the mTOR signaling pathway was also activated in these cells when 
they were injected subcutaneously into BALB/c nude mice. (A and B) CD44 
and OCT4 co-expression in secondary tumor tissue sections (green, CD44; 
red, OCT4); (A) right panel shows co-expression in orange, while the merged 
color is shown in the right panel of (B-D). Double-immunostaining showed 
that the mTOR signaling pathway was also activated in NPC CSCs in vivo, 
in which CD44 (red) and P-mTOR (green) were co-expressed, suggesting 
that the mTOR signaling pathway was activated in CSCs of secondary NPCs.

Figure 6. The sizes and weights of secondary tumors in BALB/c nude mice 
were restrained following treatment with rapamycin compared to vehicle 
solution. (A and B) Various sizes of secondary tumors occurring in the two 
groups on the same day. (C) The growth curve of secondary tumors in mice 
from the 2nd to the 14th day after intraperitoneal injection with rapamycin 
or vehicle, which showed that the tumors were inhibited by treatment with 
rapamycin compared to control. (D) The weights of the tumors that were har-
vested from the two groups, which showed that the tumors were significantly 
inhibited in the rapamycin group compared with the vehicle group. *P<0.05. 
Veh, vehicle; Rap, rapamycin.
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the activation of β-catenin, a component of Wnt signaling, has 
been associated with CD44 expression. Additionally, inhib-
iting the Akt pathway suppresses the expression of CD44 (42). 
This evidence combined with that from our study shows that 
signaling pathway inhibition can inhibit the expression of CSC 
biomarkers, suggesting a method for the therapeutic targeting 
of CSCs.

Matrix metalloproteinase (MMP) is a type of extracellular 
proteinase that binds to integrins or to CD44 to regulate the 
tumor microenvironment (43,44). Growing evidence shows 
that MMPs regulate tumor growth, basement membrane trans-
migration, tissue invasion, and migration (45). MMP-2 and 
MMP-9 have been studied often in the context of osteosarcoma 
(46) and pulmonary metastasis (47). An increasing number of 
studies have proven that MMPs are regulated by PI3K/AKT/
mTOR signaling. For instance, MMP-2 is regulated by mTOR 
signaling and is blocked by the mTOR inhibitor rapamycin (48). 
Additionally, cancer metastasis is inhibited by the inhibition of 
MMP-9 through blocking mTOR signaling (49). However, the 
functions of MMP-2 and MMP-9 may be different. For example, 
mTOR signaling may be activated by the upregulation of 
MMP-9 but not by that of MMP-2 in hepatocellular carcinoma 
(50). Additionally, tumor volume and weight are significantly 
inhibited through the suppression of Akt, mTOR, and Stat3, 
accompanied by a decrease in the expression of MMP-2 and 
MMP-9 in vivo (51). We found that MMP-2 decreased by inhibi-
ting CD44 via blocking mTOR signaling, whereas MMP-9 was 
not, demonstrating that the MMPs may have diverse roles in the 
signaling pathways of various cancers.

Similar to studies that have examined the role of mTOR 
signaling in CSCs, the regulation of CSC biomarker proteins 

and the process of tumorigenesis in many cancers, our results 
prove that the mTOR signaling pathway plays a significant 
role in influencing CSC behavior in human primary NPC. 
The effective inhibition of CSCs by rapamycin has also been 
confirmed. In conclusion, targeting CSCs by inhibiting mTOR 
signaling is an innovative therapeutic strategy for the treat-
ment of NPC or other cancers.
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