
Abstract. Background: Adenosine monophosphate
deaminase 3 (AMPD3) is an isoenzyme involved in the
regulation of the energetic metabolism of mammalian cells.
Cancer cells have a high demand for their energy supply.
This experimental study aimed to illustrate the role of
AMPD3 in human head and neck squamous cell carcinoma
(HNSCC). Materials and Methods: Real-time quantitative
reverse transcription-polymerase chain reaction was used to
investigate the expression of the AMPD3 gene in human
HNSCC tissues to assess the changes in cancerous and
noncancerous parts and the correlation with different tumor
behavior. The functions of AMPD3 were investigated using
wound-healing and migration assays. Results: AMPD3 was
significantly down-regulated in cancerous tissues of HNSCC
(p=0.001) and this was correlated with more advanced
tumor and clinical stages. Patients with high expression had

better 5-year survival. AMPD3 knock-down in SCC-4 and
SCC-25 cells demonstrated reduction of proliferation but
increased migration and invasion. Conclusion: To our
knowledge, this is the first report evidencing the expression
pattern of AMPD3 in HNSCC and demonstrated that high
AMPD3 expression might represent a good prognostic
biomarker. AMPD3 may have an antiproliferative potential
but its down-regulation may not contribute to reducing the
migration and invasion of HNSCC cells.

Head and neck cancer is increasing in incidence in developing
countries due to a changing lifestyle (1). Head and neck
squamous cell carcinoma (HNSCC) is the is among the top
ten causes of cancer-related death (2, 3). In Taiwan, the
prevalence of HNSCC is growing rapidly and it represents the
fifth leading cause of cancer death, with 3,000 deaths every
year (4). In 2016, oral, oropharyngeal, and hypopharyngeal
cancers together ranked as the sixth most common cancer in
Taiwan, being even more common among Taiwanese men (4).
The most important risk factors for development of HNSCC,
recognized through epidemiological studies, include alcohol
and tobacco use, betel quid chewing, viral infection (human
papillomavirus and Epstein-Barr virus), and genetic
polymorphism or damage (5, 6).

HNSCC may be curable with surgery, radiation and
chemotherapy in its early stages. Both surgery and
concurrent chemoradiotherapy play an important role in
standard treatment. However, despite aggressive treatments
with combinations of surgery, radiation and chemotherapy,
little progress has been made towards better outcomes (7).
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Recurrence and metastasis occur after primary treatment in
advanced stage cases and are associated with significant
morbidity and mortality. Therefore, biomarkers for early
diagnosis or prognosis HNSCC remain a focus of research
for this disease.

Adenosine monophosphate deaminase 3 (AMPD3; EC
3.5.4.6), is a highly regulated oligomeric enzyme, catalyzing
the irreversible deamination of adenylic acids (8-10). There
are three members of the AMPD family: AMPD1, AMPD2
and AMPD3 (11). AMPDs play important role in
stabilization of adenylate energy charge and regulation of the
size of purine nucleotides pool in several types of animal
tissues. The hydrolytic deamination of AMP to inosine
monophosphate is catalyzed by AMPDs, AMPDs are
involved in the purine nucleotide cycle and carbohydrate
metabolism (12). Mutations in the AMPD3 gene can lead to
clinically asymptomatic disease, for example: erythrocyte
AMPD deficiency (10). A recent report suggested that
AMPD2 and AMPD3 may be potential targets for cancer
treatment (13). Further study is needed to determine the
significance of altered AMPD genes in cancer. 

As far as we are aware, there is no study about the
expression of AMPD3 gene in human HNSCC. Therefore, in
this study we investigated the expression of the AMPD3 gene
in human HNSCC tissues to determine if there was any
correlation with malignancy and disease stages. The
experimental studies presented here illustrate the role of
AMPD3 in HNSCC. 

Materials and Methods

Patients and samples. This study enrolled 57 patients (55 men and
two women, aged 34-82 years), diagnosed with HNSCC and
undergoing surgery at the Department of Otolaryngology, Kaohsiung
Chang Gung Memorial Hospital, Kaohsiung City, Taiwan. The TNM
tumor staging system of as defined by the American Joint Committee
on Cancer (14) was used. Patients’ clinical and pathological
characteristics, including gender, age, tumor staging, nodal staging,
clinical staging, tumor site,  tumor size and survival are shown in
Table I. For the correlation analysis of AMPD3 expression, we
divided the enrolled patients into disease-severity groups based on:
(i) Early clinical stage (stages I and II) and advanced stage (stages
III and IV); and (ii) tumor stage (T1/T2, and T3/T4); and (iii) tumor
size (≥3 and <3 cm); and (iv) survival (Table II).  

Samples of tumor and the adjacent noncancerous tissues were
snap-frozen in liquid nitrogen immediately after resection and stored
until use.

This study was approved by the Institutional Review Board of
the Kaohsiung Chang Gung Memorial Hospital (no. 100-4455A3)
and written informed consent was obtained from all patients prior
to tissue acquisition. This study was conducted in full accordance
with the guidelines stated by the Declaration of Helsinki.

Expression of AMPD3 gene analyzed by real-time quantitative reverse
transcriptase-polymerase chain reaction (qRT-PCR). Total RNA was
extracted from cancerous and noncancerous tissues of patients with

HNSCC using TRIzol reagent (Invitrogen, Carlsbad, CA, USA).
Spectrophotometric OD260/OD280 measurement was used to
determine the amount of RNA and High Capacity cDNA Reverse
Transcription Kit (Applied Biosystems, Foster City, CA, USA) was
used to generate cDNA from 2 mg RNA according to the
manufacturer’s protocols. The expression of AMPD3 gene was
analyzed using AMPD3 TaqManâ Gene Expression Assays
(Hs00983726_m1) purchased from Applied Biosystems and the
expression of b-actin (ACTB) gene was also analyzed for normalizing
the expression of AMPD3. All reactions were carried out in a 10-μl
final volume containing 25 ng cDNA (as total input RNA), 0.5 μl 20×
TaqManâ Gene Expression Assay, and 5 μl 2× TaqManâ Universal
PCR Master Mix (Applied Biosystems). The PCR cycling parameters
(95˚C for 10 min followed by 40 cycles of 95˚C for 20 s and 60˚C
for 1 min) were set and run in an ABI 7500 Fast Real-Time System
(Applied Biosystems). The relative threshold cycle (ΔCt) of AMPD3
gene was obtained by normalizing the threshold cycles for AMPD3
gene to those for ACTB gene of the same sample, i.e., –ΔCt [–(Ct of
AMPD3 – Ct of ACTB)]. Thus, a higher −ΔCt value represents lower
expression of AMPD3 and vice versa.

Immunohistochemical staining of AMPD3 proteins. Immuno -
histochemical staining was performed on cancerous tissues and the
adjacent noncancerous tissues of patients with HNSCC. Tissue
sections were incubated with monoclonal antibody against human
AMPD3 proteins (1:200 dilution; Abcam Inc., Boston, MA, USA)
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Table I. Characteristics of patients with head and neck squamous cell
carcinoma. 

Characteristic                            Subgroup Value

Gender, n (%)                            Male 55 (96.4%)
                                                   Female 2 (3.8%)
Age, years                                  Median (range) 54 (34-82)
T-Stage, n (%)                           1 7 (12.2%)
                                                   2 20 (35.1%)
                                                   3 15 (26.3%)
                                                   4 15 (26.3%)
N-Stage, n (%)                          0 28 (49.1%)
                                                   1 7 (12.2%)
                                                   2a 2 (3.5%)
                                                   2b 13 (22.8%)
                                                   2c 4 (7.0%)
                                                   3 0 (0%)
Site, n (%)                                 Oral cavity 27 (47.3%)
                                                   Oropharynx 9 (15.8%)
                                                   Supraglottic 2 (3.5%)
                                                   Larynx 5 (8.7%)
                                                   Hypopharynx 12 (21.1%)
                                                   Parotid 2 (3.5%)
Clinical stage, n (%)                 I 5 (8.7%)
                                                   II 12 (21.1%)
                                                   III 10 (17.5%)
                                                   IV 30 (52.6%)
Tumor size, n (%)                     <3 cm 23 (40.3%)
                                                   ≥3 cm 34 (59.6%)
Status at 5 years, n (%)            Died 32 (56.1%)
                                                   Survived 25 (43.9%)



for 1 h then incubated with biotinylated goat anti-mouse antibody
for 30 min. The spcific binding of the secondary antibody to the
primary antibody was visualized using a horseradish peroxidase-
diaminobenzidine staining kit (Sigma-Aldrich, St Louis, MO, USA)
and qualitatively examined  using a Zeiss microscope (Zeiss,
Gottingen, Germany).

Cell cultures and transfection. The four HNSCC cell lines used in
this study, SCC-4, SCC-25, FaDu and Detroit 562, were purchased
from the Food Industry Research and Development Institute, Taiwan.
These cells were maintained at 37˚C with 5% CO2 in Minimum
Essential Medium Eagle-F12 medium (Invitrogen) containing 10%
fetal bovine serum and 0.4 μg/ml hydrocortisone (Sigma-Aldrich).
SCC-4 and SCC-25 were used for the transient knockdown of
AMPD3. Briefly, cells (4,000 cells/well) were transfected with
AMPD3 Stealth siRNA (ThermoFisher Scientific, Watham, MA,
USA) or control siRNA (ThermoFisher) per well by using 1 μl of
Lipofectamine 2000 (Invitrogen) according to the manufacturer’s
instructions and cells were harvested after transfection.

Western blotting. For western blotting, 10 μg of the total lysates of
SCC4, SCC-25, FaDu and Detroit 562 cells were separated using
6% to 15% sodium dodecyl sulfate–polyacrylamide gel
electrophoresis and transferred to a polyvinylidene fluoride
membrane (Millipore, Darmstadt, Germany). To detect the protein
level of AMPD3, the membrane was incubated with AMPD3
antibody (ab194361, 1:1,000 dilution; Abcam) and internal control
β-actin antibody (1:5,000 dilution; Abcam). Horseradish peroxidase-
conjugated goat anti-rabbit Immunoglobulin G (IgG) (1:1,000
dilution; Cell Signaling Technologies, Danvers, MA, USA) was
used as secondary antibody for qualitative analysis. 

Cell-cycle analysis. Non-transfected cells (5×105) were washed in
phosphate-buffered saline, fixed with cold 70% ethanol, and
incubated with 25 μg RNAse A (Sigma-Aldrich) for 1 h at 37˚C.
Prior to analysis, 25 μl (5 mg/ml) of propidium iodide (Sigma-

Aldrich) was added and stained cells was analyzed on a
FACSCalibur flow cytometer (Becton-Dickinson, San Jose, CA,
USA). The distribution of the cell population in sub-G1, G0/G1, S,
or G2/M phases were calculated from histograms.

3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
(MTT) assay. The percentages of metabolically active SCC-4 and
SCC-25 cells were determined on the basis of the mitochondrial
conversion of MTT into formazine. In brief, cells transfected with
AMPD3 siRNA or control siRNA were incubated for different
periods of time then the culture media were replaced with
Dulbecco’s modified Eagle’s medium, without phenol/F-12
containing 0.02% MTT (Sigma-Aldrich). After incubation for 4 h,
the medium was replaced with 200 μl of dimethyl sulfoxide per
well. The absorbance was measured at a wavelength of 570 nm in
a 96-well format plate reader (DTX880 Multimode Detector;
Beckman Coulter, Brea, CA, USA) .

Wound-healing assay. The migration of native and siAMPD3-
transfected SCC-4 and SCC-25 cells was analyzed using a wound-
healing assay. Prior to the wound-healing assay, cells were
optimized to ensure a homogeneous and viable cell monolayer. Cells
(2×105) cells were seeded in 6-well plates 1 day before the assay,
and when cell confluence reached approximately 90%, a sterile,
plastic 200-μl-micropipette tip was used to artificially created a
homogeneous wound on the monolayer. After creating the wound,
cells were washed with phosphate-buffered saline to remove debris.
Cells that had migrated into the wounded area after 4, 8, and 12 h
were photographed at 40× magnification, and ImageJ version 1.41o
(National Institutes of Health, Bethesda, MD, USA) was used to
determine the migration area.

Transwell assay. A 24-well Transwell chamber (Corning Inc.,
Corning, NY, USA) with 8.0 μm pore polycarbonate membrane filter
covered by a gelatin package was used to measure invasion by SCC-
4 and SCC-25 cells. The bottom membranes (8-μm aperture) of the
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Table II. Characteristics of patients according to expression of adenosine monophosphate deaminase 3 (AMPD3). 

AMPD3 expression 

Characteristic                                      Low (n=30) High (n=27) p-Value

Gender, n (%)                                     Male 28 (93.3%) 27 (100%)                                 0.499
                                                            Female 2 (6.7%) 0 (%)                                       
Age, years                                           Median (range) 57.6 (36-82) 53.2 (34-78)                                  
Follow-up, days                                  Mean±SD 2,023.53±1,654.66 2,547.85±1,203.43                            
Expression, mean±SEM*
   Clinical stage                                  1+2 −2.96±1.85 (n=5) −1.55±1.82 (n=12)                          0.022
                                                            3+4 −3.99±2.45 (n=25) −1.29±2.20 (n=15)                            
   T-Stage                                            1+2 −3.49±2.16 (n=10) −1.27±1.75 (n=17)                          0.035
                                                            3+4 −3.99±2.50 (n=20) −1.63±2.48 (n=10)                            
   Tumor size                                       ≥3 cm −4.50±2.66 (n=19) −1.63±2.29 (n=16)                        <0.001
                                                            <3 cm −2.74±1.43 (n=11) −1.08±1.55 (n=11)                        <0.001
Status at 5 years                                 Died 21 (70.0%) 11 (40.7%)                                 0.026
                                                            Survived 9 (30.0%) 16 (59.3%)                                   

*Determined as −ΔΔCt [(−ΔCt of tumor) − (−ΔCt of normal tissue)]. Higher −ΔΔCt values represent higher expression of AMPD3 gene and vice
versa. p-Values were derived from Student’s t-test, except for sex and survival, which used chi-square test. The cut-off value of −ΔΔCt for dividing
groups by AMPD3 expression was 0.9. 



Transwell chambers were coated with Matrigel (Sigma-Aldrich) and
the lower chamber was filled with 600 μl of Dulbecco’s modified
Eagle’s medium containing 10% fetal bovine serum. In the upper
chamber, 5×105 cells (in 200 μl) were inoculated. The wells were
removed after a 24-h (for SCC-4 cells) or 48-h (for SCC-25)
incubation at 37˚C with 5% CO2, and then fixed (methanol:glacial
acetic acid, 3:1), stained with 0.1% crystal violet, and finally
mounted. The cells which had invaded were determined by counting
stained cells in five randomly selected fields using ImageJ free
software, version 1.41o (National Institutes of Health).

Statistical analysis. We used SPSS version 15.0 software (SPSS,
Chicago, IL, USA) and Graph Pad Prism 7.04 (GraphPad, San
Diego, CA, USA) for all the statistical analyses. Student’s t-test was
used to detect differences between two groups. Overall survival was
measured from study entry to death, regardless of cause.  Log-rank
test was used to compare Kaplan-Meier survival curves. For
statistical analysis of the expression of AMPD3 of qRT-PCR, the
values of ΔCt were used. For MTT, wound-healing and Transwell
migration assays, data were derived from three technical replicates,
and the data are expressed as a mean±standard deviation. All tests
were two-sided, and p-values less than 0.05 were considered
statistically significant.

Results

Characteristics of patients. Patients’ clinical and pathological
characteristics, including gender, age, TNM and clinical
staging, tumor size and survival are listed in Table I. The
analyses of T-stage revealed T1 or T2 in 27 (47.4%) patients,
and T3 or T4 in 30 (52.6%) patients. Further analyses of
stage showed 17 (29.8%) patients had stage I or II disease,

and 40 (70.2%) patients had stage 3 or 4. All patients had
M0 stage. 

Analysis of expression of AMPD3 in HNSCC by qRT-PCR.
To explore whether the expression of AMPD3 was altered in
HNSCC, we used qRT-PCR to analyze the expression of
AMPD3 in cancerous and noncancerous tissues obtained
from 57 patients with HNSCC. Our results demonstrated that
the expression level of AMPD3 was significantly down-
regulated in cancerous compared with noncancerous tissues
(p=0.001) (Figure 1A). We also performed IHC to validate
that the protein expression of AMPD3 was compatible with
the gene expression level detected by qRT-PCR (Figure 1B).

Disease severity and expression of AMPD3 in HNSCC. To
investigate if expression of AMPD3 was correlated with
disease severity, we categorized our patients into early- and
advanced-stage groups (by T staging and clinical staging) and
tumor size to survey their correlation with expression of
AMPD3. We found the expression of AMPD3 was significantly
down-regulated in tumor relative to normal tissue in advanced
T stages (T3+T4) (p<0.001) but not in early stages (T1+T2)
(Figure 2A). Similarly, The expression of AMPD3 was also
significantly lower in more advanced clinical stages (stage
3+stage 4) (p<0.001) (Figure 2B) and in tumors larger than 3
cm (p=0.011) (Figure 2C). We divided these patients into high
and low AMPD3 expression groups based on the cut-off value
from a receiver operating characteristic curve and analyzed
their correlation with survival.
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Figure 1. Expression of adenosine monophosphate deaminase 3 (AMPD3) in paired tumorous and non-tumorous tissues from patients with head
and neck squamous cell carcinoma (HNSCC). A: Expression of AMPD3 was down-regulated in the tumorous tissues from 57 patients with HNSCC
(p=0.001) as evaluated by paired t-test using values of –ΔCt [–(Ct of AMPD3 – Ct of β-actin gene)] with four replicates of four independent
experiments. Higher –ΔCt values represent higher expression levels, and vice versa. B: Representative images of immunohistochemical staining of
AMPD3 in HNSCC, showing high and low expression of AMPD3 in tumorous tissues which was consistent with the results of gene expression of
AMPD3. Original magnifications, main image: ×100; inset: ×400.
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Figure 2. Down-regulation of adenosine monophosphate deaminase 3 (AMPD3) was correlated with more advanced T-stage (p<0.001) (A), more
advanced clinical stage (S) (p<0.001) (B) and larger tumor size (p=0.011) (C) as evaluated by Mann-Whitney test using values of –ΔCt [–(Ct of
AMPD3 – Ct of β-actin)].  Higher –ΔCt values represent higher expression, and vice versa. D: Patients with head and neck squamous cell carcinoma
with high AMPD3 expression exhibited better survival than those with low expression.

Figure 3. Adenosine monophosphate deaminase 3 (AMPD3) may enhance cell-cycle arrest. A: The expression of AMPD3 was higher in SCC-4 and
SCC-25 than in in Fadu and Detroit 562 cells as detected by western blot. B: Cells with high AMPD3 expression (SCC-4 and SCC-25) exhibited a
markedly increased proportion of cells in the G2/M phase at 24 h compared with cells with lower AMPD3 expression (Fadu and Detroit 562) as
determined by flow cytometric cell-cycle analysis.



As shown in the Kaplan-Meier plot (Figure 2D), the 5-year
survival rate for the high AMPD3 expression group (n=27)
was higher than that for the low-expression group (n=30)
(82% vs. 58%, p=0.019). 

Correlations between AMPD3 expression and cancer
characteristics in patients with HNSCC. As the 5-year
survival rate was significantly different between groups with
high and low AMPD3 expression, we further analyzed the
correlations of expression by the clinical characteristics of
these two groups (Table II). Our results showed that AMPD3
down-regulation was significantly  correlated with more
advanced clinical stage, tumor size and stage, as well as
poorer survival  (Table II).

HNSCC cell lines with high AMPD3 expression showed cell-
cycle arrest in G2/M phase. To understand whether AMPD3
affects the cell cycle, we utilized four HNSCC cell lines and
determined their expression of AMPD3 then investigated
their cell-cycle status. As determined by western blotting,
AMPD3 was expressed in all four cell lines but was higher
in SCC-4 and SCC-25 than in Fadu and Detroit 562 cells
(Figure 3A). Flow cytometric cell-cycle analysis showed cell
lines with high expression of AMPD3 (SCC-4 and SCC-25)
had markedly high percentages of cells in the G2/M phase
(40.1% and 39.3%) (Figure 3B). In contrast, cells with low
expression of AMPD3 (Fadu and Detroit 562) had fewer
cells in the G2/M phase (19.3% and 32.5%) (Figure 3B).
These results suggest that AMPD3 may have a cytostatic
effect by promoting G2/M phase accumulation and inhibiting
cell-cycle progression.

Antiproliferative effect of AMPD3. To elucidate the effects
of AMPD3 on cell proliferation, we transiently knocked-
down the expression of AMPD3 in SCC-4 and SCC-25 cells
(Figure 4) and performed MTT assays to determine the cell
growth. Evaluation up to 48 h after knockdown showed the
proliferation of SCC-4 was not significantly affected by
AMPD3 silencing (Figure 4C). In contrast, at 24 h after
AMPD3 knockdown the cell growth was markedly increased
in SCC-25 cells (p<0.001) (Figure 4D). These results suggest
that AMPD3 may have antiproliferative potential.

Down-regulation of AMPD3 did not enhance the migration
and invasion of SCC-4 and SCC-25 cells. We performed
wound-healing and Transwell assays to assess the effect of
AMPD3 on the migratory and invasive abilities of SCC-4
and SCC-25 cells. We found in both SCC-4 and SCC-25
cells that migration was significantly lower at 8 to 12 h in
cells after AMPD3 knockdown than that in cells treated with
control siRNA (Figure 5A). After incubating for 24 h (SCC-
4) and 48 h (SCC-25) in Transwell chambers, the number of
invaded cells was markedly reduced in both SCC-4 and

SCC-25 cells with AMPD3 knockdown compared with cells
treated with control siRNA (Figure 5B). These results
suggest that AMPD3 down-regulation did not enhance but in
fact weakened the migratory and invasive abilities of SCC-
4 and SCC-25 cells.

Discussion

The present study demonstrated that AMPD3 was
significantly down-regulated in HNSCC tissue and was
correlated with disease severity. Patients with low expression
of AMPD3 had a worse survival than those with high
expression. In vitro studies demonstrated cells with high
expression of AMPD3 (SCC-4 and SCC-25) exhibited more
cell-cycle arrest in G2/M phase than those with lower
expression of AMPD3 (Fadu and Detroit562). However,
AMPD3 knockdown did not enhance the migration and
invasion of SCC-4 and SCC-25 cells. AMPD3 knockdown
reduced proliferation of SCC-4 cells mildly but increased
proliferation of SCC-25 cells significantly.
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Figure 4. Adenosine monophosphate deaminase 3 (AMPD3) may
possess antiproliferative potential. A: AMPD3 expression in SCC-4 cells
after transfection with AMPD3 siRNA. B:  AMPD3 expression in SCC-
25 cells after transfection with AMPD3 siRNA. C: The proliferation of
SCC-4 cells over 2 days was not significantly affected by AMPD3
knockdown. D: In SCC-25 cells, after AMPD3 knockdown the growth
at 24 h was markedly increased (p<0.001). –ΔCt values [–(Ct of
AMPD3 – Ct of β-actin gene)] from four replicates of four independent
experiments are shown. Higher –ΔCt values represent higher expression
levels, and vice versa.



To our best knowledge, the roles of AMPD3 gene in
HNSCC are still uncertain. AMPD3 gene encodes a highly
regulated enzyme that plays an important role in energy
charge stabilization and nucleotide metabolism (10). AMPDs
also play an important role in purine and urate metabolism
(15). AMPD deficiency may change the level of adenosine,
an important bioactive molecule. AMP-activated protein

kinase (AMPK), controlled by intracellular AMP, has an
important role as an energy sensor. Therefore, AMPD may
control the systemic metabolic status by changing AMPK
activity through the level of AMP. 

Our results showed that expression of AMPD3 was
reduced in tumorous tissues of HNSCC and was related to
T-stage and clinical stage. We propose a possible explanation
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Figure 5. Adenosine monophosphate deaminase 3 (AMPD3) down-regulation weakened the migratory and invasive abilities of SCC-4 and SCC-25
cells. AMPD3 expression was effectively down-regulated in SCC-4 cells (A) and SCC-25 (B) transfected with AMPD3 siRNA, as determined by
real-time quantitative reverse transcriptase-polymerase chain reaction. C: In both SCC-4 and SCC-25 cells, migration for 8 to 12 h was significantly
lower in cells after AMPD3 was knocked down than that in cells treated with control siRNA. D: After incubating for 24 h (SCC-4) and 48 h (SCC-
25) in Transwell chambers, the number of invaded cells was markedly reduced in both lines with AMPD3 knockdown compared with cells treated
with control siRNA.



for these observations. AMPD3 is ubiquitously expressed,
and mice with AMPD3 deficiency showed increased levels
of ATP in their cells (16). During periods of energy
imbalance, AMP in the adenylate pool is removed by
activated AMPD (16). A rise in AMP levels, resulting in the
activation of AMPK, induces cellular stress and leads to cell-
cycle arrest (17). The suppression of tumor progression by
AMPK has been reported (18-20). Therefore, increasing the
level of AMP as a result of AMPD3 knockdown may
promote the activation of AMPK, which can subsequently
inhibit anabolic pathways that are important to cancer
proliferation and cell survival (21-23). In our study, high
AMPD3 expression was associated with a greater proportion
of cells arrested in the G2/M phase and with reduced cell
growth, which implies that AMPD3 may have an
antiproliferative potential. We also observed that the survival
of patients with high expression of AMPD3 was better than
that of those with low AMPD3 expression. However, down-
regulation of AMPD3 did not enhance the migration and
invasion abilities of cancer cell. It is possible that the role of
AMPD3 in cancer is mainly in the control of cell
proliferation and is independent of cell migration and
invasion.

In conclusion, to our knowledge, this is the first study that
illustrated the role of AMPD3 gene in HNSCC. We found a
high expression of AMPD3 may represent a good prognostic
biomarker in HNSCC: Patients with low expression of
AMPD3 had poor survival. G2/M cell-cycle arrest and energy
imbalance by up-regulation of AMPD3 may influence
patients’ survival due to its effects on the ability of
proliferation.
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