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Abstract: It has been documented that secreted frizzled-related protein 1 (SFRP1) is epigenetically silenced in 
laryngeal carcinoma. However, the function of SFRP1 in laryngeal carcinoma remains elusive. In this study, we 
performed gain-of-function studies to determine the roles of SFRP1 in laryngeal carcinoma growth, tumorigenesis, 
and cisplatin resistance. Laryngeal carcinoma cell lines were treated with 5-aza-2’-deoxycytidine (5-aza-dC) and 
examined for SFRP1 expression. The effects of overexpression of SFRP1 on cell proliferation, colony formation, 
apoptosis, tumorigenesis, and cisplatin sensitivity were assessed. It was found that 5-aza-dC exposure significantly 
induced the expression of SFRP1 in both Hep-2 and SNU899 laryngeal carcinoma cells. Ectopic expression of 
SFRP1 significantly decreased cell proliferation and colony formation in vitro and retarded xenograft tumor growth in 
vivo. SFRP1-overexpressing Hep-2 cells displayed a higher percentage of apoptosis and enhancement of caspase-3 
cleavage, which was coupled with loss of Δψm and increased release of cytochrome c from the mitochondria to the 
cytosol. Moreover, SFRP1 overexpression sensitized laryngeal carcinoma cells to cisplatin and decreased intracellu-
lar pH values. Mechanistically, SFRP1 inhibited the expression of Na+/H+ exchanger 1 (NHE1) and overexpression 
of NHE1 reversed the suppressive activity of SFRP1 on laryngeal carcinoma cells. In conclusion, we demonstrate 
that SFRP1 induces mitochondrial apoptosis and increases cisplatin sensitivity in laryngeal carcinoma cells via 
downregulation of NHE1. Delivery of SFRP1 may offer therapeutic benefits in the treatment of laryngeal carcinoma. 
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Introduction

Laryngeal carcinoma is one of the most com-
mon malignancies of the head and neck [1]. 
Platinum-based chemotherapy is an important 
treatment option for advanced laryngeal carci-
noma [2, 3]. Early recurrence and development 
of drug resistance are responsible for poor 
prognosis of patients with laryngeal carcino- 
ma [4, 5]. Understanding the mechanisms for 
laryngeal carcinoma progression is of signifi-
cance in developing effective therapies for this 
malignancy. 

Drug-induced apoptosis is frequently accompa-
nied by intracellular acidification [6]. It has 
been suggested that acidosis can trigger apop-

tosis through cytochrome c-mediated cas-
pase-3 activation [7]. The Na+/H+ exchanger 
(NHE) family members play a critical in intracel-
lular pH homeostasis [8]. Aberrant expression 
of NHE1 has been linked to aggressive pheno-
type in many types of cancers [9, 10]. It has 
been reported that upregulation of NHE1 induc-
es resistance to cytotoxic temozolomide thera-
py in glioblastoma cells [11]. Therefore, NHE1 
represents a potential target for anticancer 
treatment.

Secreted frizzled-related protein 1 (SFRP1) is a 
modulator of the Wnt signaling pathway, which 
forms an inhibitory complex with frizzled recep-
tors [12, 13]. SFRP1 downregulation due to epi-
genetic modification is associated with poor 
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prognosis in gastric cancer [12]. Similarly, fre-
quent hypermethylation of SFRP1 is detected 
in laryngeal carcinoma tissues [14], suggesting 
its implication in tumor progression. However, 
the role of SFRP1 in laryngeal carcinoma is still 
unclear. 

In this study, we performed gain-of-function 
studies to uncover the roles of SFRP1 in laryn-
geal carcinoma growth, survival, tumorigene-
sis, and chemoresistance. The associated 
molecular mechanism(s) is checked. 

Materials and methods

Cell culture and treatment

Human laryngeal carcinoma cell lines (Hep-2, 
SNU899, TU212, and SNU46) were obtained 
from the Cell Bank of Chinese Academy of 
Sciences (Shanghai, China). Cells were cultured 
in Dulbecco’s Modified Eagle’s Medium (DMEM; 
Sigma-Aldrich, St. Louis, MO, USA) supplement-
ed with 10% fetal bovine serum (FBS; Invitrogen; 
Thermo Fisher Scientific, Inc., Waltham, MA, 
USA) in a humidified incubator with 5% CO2. For 
demethylation treatment, cells were incubated 
with 5-aza-2’-deoxycytidine (5-aza-dC; Sigma-
Aldrich) at a final concentration of 1 μM for 48 
h. Dimethyl sulfoxide (DMSO; Sigma-Aldrich) 
was used as a vehicle control. 

Quantitative real-time polymerase chain reac-
tion (qRT-PCR) analysis

Total RNA was extracted from cells using TRIzol 
reagent (Invitrogen; Thermo Fisher Scientific, 
Inc.). Reverse transcription was performed 
using a PrimeScript One-Step RT-PCR Kit 
(TaKaRa, Dalian, China). Real-time PCR was 
conducted using the following primers [15]: for-
ward, 5’-CTACTGGCCCGAGATGCTTA-3’ and re- 
verse, 5’-GCTGGCACAGAGATGTTCAA-3’ for SF- 
RP1; and forward, 5’-TGGTCACCAGGGCTGCTT- 
3’ and reverse, 5’-AGCTTCCCGTTCTCAGCCTT-3’ 
for GAPDH. Cycling conditions were as follows: 
5 min at 95°C and 40 cycles of 95°C for 15 
sec, 60°C for 20 sec and 72°C for 30 sec. The 
relative mRNA level of SFRP1was determined 
after normalization to that of GAPDH. 

Western blot analysis

For preparation of whole-cell lysates, cells were 
lysed in ice-cold radioimmunoprecipitation lysis 

buffer (Sigma-Aldrich) containing protease and 
phosphatase inhibitors (Sigma-Aldrich). Mito- 
chondrial and cytosolic proteins were extracted 
using the Mitochondria/Cytosol Fractionation 
Kit following the manufacturer’s instructions 
(ab65320; Abcam, Cambridge, UK). Protein 
concentration was quantified using a Protein 
Assay kit (Bio-Rad Laboratories, Inc., Hercules, 
CA, USA). Protein samples (40 µg per lane) were 
resolved by sodium dodecyl sulphate-polyacryl-
amide gel electrophoresis and transferred to 
polyvinylidene difluoride membranes. The pri-
mary antibodies are as follows: anti-SFRP1 
(ab126613; Abcam; 1:300 dilution), anti-cle- 
aved caspase-3 (#9661; Cell Signaling Tech- 
nology, Beverly, MA, USA; 1:300 dilution), anti-
cytochrome c (#4272; Cell Signaling Technology; 
1:300 dilution), anti-NHE1 (sc-136239; Santa 
Cruz Biotechnology Inc., Dallas, TX, USA; 1:300 
dilution), anti-HSP70 (ab2787; Abcam; 1:500 
dilution), and anti-β-actin (A5316; Sigma-Al- 
drich; 1:2000 dilution). Horseradish peroxi-
dase-conjugated secondary antibody (Santa 
Cruz Biotechnology Inc.) was used to detect the 
primary antibodies. Protein signals were detect-
ed using an enhanced chemiluminescence 
detection kit (Millipore, Billerica, MA, USA) and 
quantified by Quantity One software version 
4.6.2 (Bio-Rad Laboratories, Inc., Richmond, 
CA, USA).

Plasmids and transfection

Human SFRP1 and NHE1 cDNA was obtained 
from Origene Technologies (Rockville, MD, USA) 
and inserted into pcDNA3.1(+) vector. Trans- 
fection of the plasmids into Hep-2 and SNU899 
cells was achieved using Lipofectamine 2000 
(Invitrogen; Thermo Fisher Scientific, Inc.). 
Forty-eight hours posttransfection, cells were 
tested for gene expression, viability, and apop-
tosis. In some experiments, Hep-2 cells were 
transfected with the SFRP1-expressing plasmid 
or vector 24 h before exposure to cisplatin  
(8 µM). For stable expression of SFRP1, cells 
were transfected with the SFRP1-expressing 
plasmid or empty vector and then selected for 
2 weeks after the addition of 600 µg/ml G418 
(Sigma-Aldrich).

MTT assay

Cells were plated in 96-well plates (5 × 103 
cells/well) and cultured for 48 or 72 h. The  
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-2H- 



SFRP1 in laryngeal carcinoma cells

8336	 Int J Clin Exp Pathol 2017;10(8):8334-8343

tetrazolium bromide (MTT) solution (Sigma-
Aldrich; 0.5 mg/mL) was added to each well. 
After incubation for 4 h at 37°C, DMSO was 
added to the culture. Absorbance was recorded 
at 570 nm. For the cisplatin toxicity experiment, 
cells were exposed to different concentrations 
of cisplatin (0.5, 1, 2, 4, 6, 8, 10, 12, and 14 
μM) for 48 h and cell viability was measured 
using the MTT assay. The 50% inhibitory con-
centration (IC50) value was determined based 
on the viability curve. 

Colony formation assay

Cells were plated in a 6-well plate (600 cells/
well) and cultured at 37°C for 10 days. Colonies 
were stained with 0.1% crystal violet and 
counted. 

Apoptosis analysis

For apoptosis detection, the Annexin V-FITC 
Apoptosis Detection Kit (Merk Millipore, 
Billerica, MA, USA) was used. In brief, cells were 
washed and incubated with Annexin V-FITC and 
propidium iodide (PI) in the dark for 15 min. 
Stained cells were analyzed by flow cytometry 
(BD Biosciences, Franklin L, NJ, USA). 

Animal experiments

Ten male BALB/c nude mice (4-week-old) were 
used in this experiment. Hep-2 cells stably 
transfected with the SFRP1-expressing plasmid 
or vector were inoculated subcutaneously into 
the hind limb of mice (2 × 106 cells/mouse). 
Tumor size was measured weekly for 5 weeks. 
Tumor sections were subjected to immunohis-
tochemistry for Ki-67 using the anti-Ki-67 anti-
body (ab15580; Abcam; 1:500 dilution). All 
studies involving animals were approved by the 
Institutional Animal Care and Use Committee of 
Second Military Medical University (Shanghai, 
China).

Measurement of Δψm

Mitochondrial membrane potential (Δψm) was 
detected using the JC-1 Mitochondrial Mem- 
brane Potential Detection Kit (Invitrogen; Th- 
ermo Fisher Scientific, Inc.) following the manu-
facturer’s instructions. In brief, cells were st- 
ained with JC-1 at 37°C for 20 min and ana-
lyzed by flow cytometry. Loss of Δψm is reflect-
ed by the decrease in red to green fluores- 
cence. 

Intracellular pH measurement

Measurement of intracellular pH was done as 
described previously [16]. In brief, cells were 
loaded for 30 min with the pH-sensitive probe 
BCECF-AM (1 μM; Calbiochem, San Diego, CA, 
USA). The cells were rinsed with Ringer’s buffer 
(140 mM NaCl, 5 mM glucose, 5 mM potassi-
um gluconate, 1 mM calcium gluconate, 1 mM 
MgSO4, 2.5 mM NaH2PO4, 25 mM NaHCO3, 10 
mM HEPES, pH 7.4). The excitation wavelength 
is 490 nm, and the emission wavelength is 530 
nm.

Statistical analysis

The results are expressed as the mean ± stan-
dard deviation. Comparisons between groups 
were performed by the Student’s t test or one-
way analysis of variance followed by Tukey’s 
multiple comparison test. P < 0.05 was consid-
ered statistically significant.

Results

Reexpression of SFRP1 suppresses cell prolif-
eration and tumorigenesis

It has been reported that SFRP1 is epigeneti-
cally silenced in human laryngeal carcinoma 

Figure 1. SFRP1 is epigenetically silenced in larynge-
al carcinoma cell lines. A. qRT-PCR analysis of SFRP1 
mRNA levels in laryngeal carcinoma cell lines treated 
with 1 μM of 5-aza-dC or DMSO (vehicle control) for 
48 h. *P < 0.05 vs. vehicle-treated cells. B. Western 
blot analysis confirmed the overexpression of SFRP1 
in Hep-2 and SNU899 cells transfected with SFRP1-
expressing plasmid. Numbers below the Western 
blots indicate fold-change in SFRP1 protein levels.
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Figure 2. Overexpression of SFRP1 suppresses cell proliferation and tumorigenesis. A. MTT assay was performed 
to assess the viability of both Hep-2 and SNU899 cells transfected with SFRP1-expressing plasmid or vector after 
culturing for 48 or 72 h. B. Colony formation assay. Hep-2 and SNU899 cells stably expressing SFRP1 or vector were 
seeded at a low density and cultured for 10 days to allow to form colonies. C. Tumorigenic studies in nude mice. 
Hep-2 cells stably expressing SFRP1 and control cells were inoculated into nude mice, and tumor development 
was monitored for 5 weeks. Reexpression of SFRP1 significantly inhibited the growth of Hep-2 xenograft tumors. D. 
Tumor sections were subjected to Ki-67 immunohistochemistry. Representative images of Ki-67 staining are shown 
top panels. Scale bar = 50 μm. *P < 0.05 vs. the vector group.
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specimens [14]. To confirm the aberrant meth-
ylation of SFRP1 in laryngeal carcinoma cells, 
we treated a panel of laryngeal carcinoma cell 

lines using 1 μM of 5-aza-dC for 48 h. qRT-PCR 
analysis showed that 5-aza-dC treatment mark-
edly raised the abundance of SFRP1 mRNA in 

Figure 3. Enforced expression of SFRP1 promotes apoptosis via the mitochondrial pathway. A. Analysis of apoptosis 
in Hep-2 cells transfected with SFRP1-expressing plasmid or vector by flow cytometry after annexin-V/PI staining. 
B. Western blot analysis of cleaved caspase-3. Numbers below the Western blots indicate fold-change in cleaved 
caspase-3 levels. C. Measurement of Δψm changes using the JC-1 assay. Loss of Δψm is reflected by the decrease 
in red to green fluorescence. D. Western blot analysis of cytochrome c in the mitochondrial and cytosolic fractions. 
SFRP1 overexpression promoted the release of cytochrome c from the mitochondria to the cytosol. HSP70 and 
β-actin was used as a loading control for mitochondrial and cytosolic extracts, respectively. *P < 0.05 vs. the vector 
group.
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laryngeal carcinoma cell lines (Figure 1A). 
5-aza-dC-treated Hep-2 and SNU899 cells had 
4.2- and 6.9-fold higher levels of SFRP1 tran-
scripts than corresponding controls, respec-

tively. To clarify the biological function of SFRP1, 
we overexpressed SFRP1 in Hep-2 and SNU899 
cells (Figure 1B). 

MTT assay showed that ectopic expression of 
SFRP1 in both Hep-2 and SNU899 cells led to a 
significant reduction of proliferation, compared 
to vector-transfected control cells (Figure 2A). 
Colony formation assay further demonstrated 
that SFRP1-overexpressing Hep-2 and SNU899 
cells gave rise to less colonies than control 
cells 14 days after low-density plating (Figure 
2B). To determine the role of SFRP1 in tumori-
genesis, we inoculated Hep-2 cells stably 
expressing SFRP1 and control cells into nude 
mice and monitored tumor development for 5 
weeks. As shown in Figure 2C, reexpression of 
SFRP1 significantly retarded the growth of 
Hep-2 xenograft tumors, compared to control 
counterparts (P < 0.05). Ki-67 immunohisto-
chemistry confirmed that SFRP1 overexpres-
sion was associated with a lower percentage of 
Ki-67-positive tumor cells (Figure 2D). 

Enforced expression of SFRP1 promotes apop-
tosis via the mitochondrial pathway

To understand the mechanism by which SFRP1 
restrains laryngeal carcinoma growth, we exam-
ined the impact of reexpression of SFRP1 on 
apoptosis of Hep-2 cells. As determined by 
annexin-V and PI double staining, SFRP1-
overexpressing Hep-2 cells had a higher apop-
totic rate than control cells (25.5 ± 3.2% vs. 4.7 
± 1.5%, P < 0.05; Figure 3A). To confirm the 
induction of apoptosis by SFRP1 overexpres-
sion, we measured the level of cleaved cas-
pase-3, an active form of caspase-3, by 
Western blot analysis. The results showed that 
there was a 4.4-fold increase in the amount of 
cleaved caspase-3 in SFRP1-overexpressing 
Hep-2 cells, compared to control cells (Figure 
3B). 

Next, we asked whether SFRP1-mediated apop-
tosis involves activation of the mitochondrial 
pathway. Measurement of Δψm changes using 
the JC-1 assay revealed that SFRP1 overex-
pression led to a significant decline in the Δψm 
(Figure 3C). We also detected the release of 
cytochrome c from the mitochondria to the 
cytosol using Western blot analysis. The results 
showed that the level of cytochrome c in the 
mitochondrial fraction was 2-fold lower in 
SFRP1-overexpressing Hep-2 cells than in con-
trol cells (Figure 3D). In contrast, there was a 

Figure 4. SFRP1 increases the sensitivity to cispla-
tin and promotes intracellular acidification. A. Hep-2 
and SNU899 cells transfected with SFRP1-express-
ing plasmid or vector were treated with different con-
centrations of cisplatin (0.5, 1, 2, 4, 6, 8, 10, 12, 
and 14 μM) for 48 h, and cell viability was measured 
using the MTT assay. The 50% inhibitory concentra-
tion (IC50) value for cisplatin was determined based 
on the viability curve. *P < 0.05. B. Hep-2 cells trans-
fected with SFRP1-expressing plasmid or vector were 
treated with or without cisplatin (8 μM) for 48 h and 
measured for intracellular pH values using the pH-
sensitive probe BCECF-AM. *P < 0.05. C. Western 
blot analysis of NHE1 protein levels. Hep-2 cells were 
exposed to cisplatin (8 μM) for 48 h with or without 
transfection with SFRP1-expressing plasmid. Num-
bers below the Western blots indicate fold-change in 
NHE1 protein levels.
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4.5-fold increase in the level of cytochrome c in 
the cytosolic fraction after SFRP1 overexpres-
sion (Figure 3D). These findings suggest that 
SFRP1 overexpression triggers mitochondrial 
dysfunction in laryngeal carcinoma cells.

SFRP1 increases the sensitivity to cisplatin 
and promotes intracellular acidification

Next, we determined the role of SFRP1 in the 
regulation of cisplatin chemosensitivity. Over- 
expression of SFRP1 significantly inhibited the 
viability of Hep-2 and SNU899 cells after cispl-
atin treatment, relative to vector-transfected 
cells, decreasing the IC50 value by 3.2- and 8.7-
fold, respectively (Figure 4A). We also exam-
ined the effect of SFRP1 overexpression on 
intracellular pH homeostasis in laryngeal carci-
noma cells. Compared to vector-transfected 
Hep-2 cells, SFRP1-overexpressing cells dis-
played a significant decline in intracellular pH 
(6.68 ± 0.02 vs. 7.25 ± 0.03, P < 0.05; Figure 
4B). Such reduction was enhanced in the pres-
ence of cisplatin (8 μM).

Overexpression of NHE1 rescues the inhibitory 
effects of SFRP1 

NHE1 plays an important role in the regulation 
of intracellular pH and prevents an acid over-
load response [17]. As determined by Western 
blot analysis, NHE1 was induced after cisplatin 
treatment (Figure 4C). Delivery of SFRP1 
remarkably prevented the induction of NHE1 by 
cisplatin (8 μM). 

To validate the involvement of NHE1 in the 
action of SFRP1, we co-expressed SFRP1 with 
NHE1 in Hep-2 cells (Figure 5A). As expected, 
enforced expression of NHE1 restored intracel-
lular pH to baseline values in SFRP1-overex- 
pressing cells (Figure 5B). Functional studies 
demonstrated that overexxpression of NHE1 
abolished SFRP1-mediated growth suppres-
sion (Figure 5C) and apoptosis (Figure 5D) in 
Hep-2 cells. Taken together, SFRP1-mediated 
anticancer activity is causally linked to down-
regulation of NHE1.

Discussion

Low expression of SFRP1 is frequently observed 
in cancers and correlates with poor prognosis 
[12, 18]. Several mechanisms have been sug-
gested to explain the downregulation of SFRP1 
in malignant diseases [18, 19]. It has been 
reported that the SFRP1 promoter region is 
hypermethylated in nasopharyngeal carcinoma 
and such epigenetic modification is linked to 
downregulation of SFRP1 [18]. microRNA-27a- 
mediated repression of SFRP1 is detected in 

Figure 5. Overexpression of NHE1 rescues the in-
hibitory effects of SFRP1 on Hep-2 cells. A. Western 
blot analysis of NHE1 protein levels in Hep-2 cells 
transfected with the SFRP1-expressing plasmid or 
together with the NHE1-expressing plasmid. Num-
bers below the Western blots indicate fold-change in 
NHE1 protein levels. B. Measurement of intracellular 
pH values using the pH-sensitive probe BCECF-AM. 
C. Hep-2 cells transfected with indicated constructs 
were assessed for proliferation after culturing for 48 
or 72 h. D. Analysis of apoptosis in Hep-2 cells trans-
fected with indicated constructs by flow cytometry 
after annexin-V/PI staining. *P < 0.05.
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glioma tissues [19]. A previous study has shown 
that methylation-mediated silencing of SFRP1 
frequently occurs in laryngeal carcinoma tis-
sues [14]. Consistently, in this study, we dem-
onstrated that treatment with the demethylat-
ing agent significantly induced the expression 
of SFRP1 in laryngeal carcinoma cell lines. Our 
data provide additional evidence that SFRP1 is 
epigenetically silenced in laryngeal carcinoma.

SFRP1 has exhibited growth-suppressive activ-
ity in many cancer types such as nasopharyn-
geal carcinoma [18] and glioma [20]. In agree-
ment with these studies, we found that res- 
toration of SFRP1 significantly suppressed cell 
proliferation and colony formation of laryngeal 
carcinoma cells in vitro and tumorigenesis in 
vivo. Therefore, SFRP1 acts as a tumor sup-
pressor in laryngeal carcinoma. Its downregula-
tion therapeutically contribute to the develop-
ment and progression of laryngeal carcinoma, 
although it remains unclear whether it is a cen-
tral mechanism.

Our data further demonstrated that ectopic 
expression of SFRP1 significantly facilitated 
apoptosis in laryngeal carcinoma cells, as 
determined by annexin-V and PI double stain-
ing. Caspase-3 is a key mediator for the execu-
tion of apoptosis [21]. Measurement of cas-
pase-3 levels revealed that SFRP1 overexpr- 
ession enhanced the activation of caspase-3 in 
laryngeal carcinoma cells. Moreover, we noted 
that SFRP1 overexpression was associated 
with loss of Δψm and increased release of  
cytochrome c from the mitochondria to the 
cytosol. Cytochrome c is capable of initiating 
the activation of caspase cascade through 
interaction with apoptotic protease activating 
factors [22]. These data suggest that SFRP1-
induced apoptosis involves the mitochondrial 
apoptotic pathway. The pro-apoptotic activity  
of SFRP1 is also detected in nasopharyngeal 
carcinoma [18] and hepatocellular carcinoma 
[23]. 

Our data also identified a link between SFRP1 
expression and cisplatin sensitivity, revealing 
that SFRP1 overexpression renders laryngeal 
carcinoma cells more sensitive to cisplatin. 
Mechanistically, SFRP1 overexpression pre-
vented the induction of NHE1 after exposure to 
cisplatin. NHE1 is involved in a pH-dependent 
H+ efflux and thus plays a pivotal role in intra-

cellular pH homeostasis [10]. We found that 
cisplatin treatment stimulated the expression 
of NHE1, which accounts for intracellular acidi-
fication and apoptosis. Cisplatin-mediated pro-
motion of NHE1 was compromised in the pres-
ence of SFRP1. Moreover, overexpression of 
NHE1 rescued laryngeal carcinoma cells from 
SFRP1-mediated growth suppression and 
apoptosis. NHE1 has shown the ability to 
orchestrate multiple aspects of tumor biology 
[9, 11]. For instance, upregulation of NHE1 pro-
motes gastric cancer cell proliferation, migra-
tion and invasion [9]. NHE1 contributes to ima-
tinib resistance in chronic myeloid leukemia 
cells by inducing heme oxygenase-1 [24]. 
Downregulation of NHE1 suppresses the 
aggressive potential of triple-negative breast 
cancer cells [25]. Consequently, NHE1 is sug-
gested to be a promising anticancer target. 
Collectively, we provide evidence that inhibition 
of NHE1 is an important mechanism by which 
SFRP1 suppresses cell growth and enhances 
cisplatin sensitivity in laryngeal carcinoma 
cells. However, the signaling pathway involved 
in the downregulation of NHE1 by SFRP1 needs 
to be further clarified. 

In conclusion, our data demonstrate that 
SFRP1 functions as a tumor suppressor in 
laryngeal carcinoma. Overexpression of SFRP1 
evokes mitochondrial apoptotic death and 
increases the sensitivity to cisplatin in larynge-
al carcinoma cells, which is likely ascribed to 
downregulation of NHE1. These findings raise a 
rationale for restoration of SFRP1 in the treat-
ment of laryngeal carcinoma.
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