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Abstract

Radiotherapy has been used one of the conventional treatments for cancer, along with 

surgery, chemotherapy. However, the obtaining of radio-resistance that is a major cause of 

failure and recurrent cancer remains a serious obstacle to successful treatment. Therefore, 

understanding and overcoming of the radio-resistance mechanism in the absence of therapy 

for recurrent cancer will be helpful for the positive prognosis of radiation therapy. The 

present study discussed the differences between cancer cells and recurrent cancer cells, and 

their regulatory mechanism. 

First, we established a stable radio-resistant cells by fractionated irradiation at 2 Gy until 

accumulated dose of 70 Gy and confirmed by using clonogenic assay. And then,we analyzed 

their metabolic profiles and mitochondrial respiration. As a result, glucose uptake and lactate 

production were increased, and glycolysis metabolites were increased in HN3R. Quantitative 

real-time PCR (qRT-PCR) showed that enzymes involved in glucose metabolism were also 

increased. Also, Oxygen consumption rate (OCR) test showed that mitochondrial function 

was significantly decreased in HN3R compared to HN3. In addition, to measure the 

dependence on glucose metabolism, Glucose deprivation and Hexokinase inhibitor (2-

Deoxyglucose, 2DG) and lactate dehydrogenase-A inhibitor (AT101) were treated. So, we 

knew the HN3R cell line was further dependent on Glucose. Recently, mitochondrial SIRT3 

is attracting attention as a major deacetylase mediating various energy metabolism. 

Accordingly, we confirmed that the expression level of SIRT3 was significantly decreased in 

the HN3R compared to the HN3. And then, we established SIRT3 overexpression in HN3R 

to confirm whether SIRT3 induces sensitivity to glucose. In SIRT3 overexpressed HN3R, 

when glucose deprivation was performed and when the glycolytic inhibitors, 2DG and 

AT101, were treated, the cell survival was restored in the experimental group compared to 

the control group. SIRT3 activators, resveratrol (RSV) and honokiol (HNK), were also 

treated to increase the expression level of SIRT3, and the cell survival was also restored in 

the experimental group. On the contrary, we found that SIRT3 knockdown in HN3 using 
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siRNA transfection increased glucose dependence in the glucose deprivation experiment. 

Collectively, these data show that the expression of SIRT3 is decreased and the glucose 

dependence is increased by Glycolytic shift in the process of obtaining radio-resistance.

Finally, it is expected that the regulation of glucose metabolism as a potential therapeutic 

target in recurrent cancer with reduced SIRT3 expression after radiotherapy will provide 

important baseline data to clarify the mechanism of radio-resistance acquisition process and 

to escape the cure limit.

Keyword : Sirtuin3 (SIRT3), Radio-resistance, Glucose deprivation, Recurrent cancer cells, 

Head and neck cancer.
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Introduction

Head and neck cancer is the 7 th most common cancer worldwide. More than 100,000 people 

were diagnosed with head and neck cancer each year and more than 30,000 people died1-2). 

Because the incidence of head and neck cancer is related to eating, breathing and speaking 

functions, it is very important to treat cancer and preserve its functions.

This is why radiotherapy, which is the most important treatment for killing cancer, is actively 

applied than surgical treatment3-5). However, the acquisition of radio-resistance after 

radiotherapy and recurrent cancer cells have emerged as one of the major obstacles to cancer 

treatment. Because radiotherapy can induce changes in many molecules and signaling 

pathways involved in cancer cell metabolism and changes in cellular metabolism can affect 

the efficacy of radiotherapy, the acquiring radio-resistance might be related to the 

metabolism of cancer cells has been reported6-8). To do this, we established radio-resistance 

laryngeal cancer cell line, and studied the recurrent head and neck cancer cell line. The cell 

lines are suitable models for studying mechanisms that reflect intracellular changes induced 

by irradiation9-10).

In the past decade, researchers have shown how aerobic glycolysis and cellular metabolic 

shifts have progressed in cancer cells. And then understanding of anabolic reaction 

associated with cell growth and proliferation increased11). Cancer cells are reprogrammed 

with glucose metabolism in order to produce energy necessary for cell growth and division. 

Currently, there are many studies on cancer cell metabolism, and more researches on drugs 

targeting cell metabolism. Typically, 2 DG(hexokinase inhibitor), AT 101(lactate 

dehydrogenase inhibitor) are glycolytic inhibitors12-15). Not only radio-resistance associated 

with glycolysis16), but most of this reprogramming is dependent on mitochondria17). 

Recent reports suggest that glucose metabolism and mitochondrial metabolism are closely 

related to the process of acquiring radio-resistance18-21). SIRT3 is a NAD + dependent 

deacetylase, a mitochondrial protein essential for metabolic homeostasis of mitochondria and 

mediates metabolic reprogramming22-23). Mitochondrial SIRT3 is known to be involved in 
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metabolic regulation. So far, the role of SIRT3 in radio-resistance has been limited24-28).

We investigated the relationship between SIRT3 and glucose metabolism by confirming 

changes in cellular metabolism and survival according to SIRT3 level in recurrent cancer 

cells after radiotherapy. Therefore, this study focuses on SIRT3 and glucose metabolism in 

radio-resistant cells after radiotherapy.
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Materials and Methods

Reagent

2-deoxy-D-glucose (2DG, Sigma-Aldrich, St. Louis, MO) and AT101 (TORCIS bioscience, 

Ellisville, MO) were used as glycolytic inhibitors. 2DG and AT101 were treated for 48h.

Resveratrol (RSV, Enzo Life Sciences Inc., Plymouth Meeting, PA, USA) and honokiol

(HNK, Sigma-Aldrich, St. Louis, MO) were used as SIRT3 activators. RSV was treated for 

48h and HNK was treated for 24h. 

Cell culture

HN3 is a human-derived Head and neck cell lines (AMC HN3). HN3 and HN3R cells were 

maintained in DMEM (Gibco, Life Technologies, Carlsbad, CA) supplemented with 10% 

FBS (Sigma) and 100 μg/mL of penicillin/streptomycin and incubated at 37℃ in 5% CO₂

in humidified incubator.

Establishment of radio-resistant head and neck cancer cell line 

Head and Neck 3 cell is a human-derived Head and neck cell lines (AMC HN3). HN3 cells 

were grown in a 100 mm culture plate at a rate of about 50% confluency, and the cells were 

irradiated with 2 Gy of X-ray radiation generated using an X-RAD 320 irradiator ( Precision 

X-ray ) every 2-3 days. 70-80 % was raised in the plate and subcultured in a new plate. After 

accumulating 70 Gy, it was considered that a radio-resistant Head and Neck 3 cell line 

(HN3R) was established.

Clonogenic survival assay

Cells were seeded on 6-well plate at 100, 500, 1000, 4000 cells. After 24 hours, the cells 

were irradiated at 2,4,8 Gy, respectively. Incubate at least 2 weeks until at least 50 cells form 
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colonies. Following incubation, the medium was removed and stained with 0.5% crystal 

violet solution containing 50% methanol and 10% glacial acetic acid. The number of 

colonies formed was counted to calculate the percentage value relative to the number of cells 

seeded per group.

Glucose uptake and lactate production

To determine glucose uptake and lactate production, colorimetric glucose uptake assay 

(Abcam) and lactate colorimetric assay (BioVision, Milpitas, CA, USA) kits were used, 

according to manufacturer’s protocol.

Metabolism profiling of glucose

Cells were harvested using 80% methanol. Metabolites were extracted by liquid-liquid 

extraction and analyzed by liquid chromatography-mass tandem mass spectrometry (LC-

MS/MS). LC-MS/MS was equipped with 1290 HPLC (Agilent), QTRAP(ABSCIEX) and 

reverse phase column (Synergi Fusion-RP) was used. The multiple reaction monitoring

(MRM) was quantified a set of negative ion modes and extracted ion chromatograms 

corresponding to changes in each metabolite. The peak area of each metabolite was 

quantified based on protein content data from Bradford analysis.

Quantitative real-time polymerase chain reaction analysis (qRT-PCR)

After Total RNA was extracted using the PureLink RNA mini kit (Invitrogen), cDNA was 

synthesized by reverse transcription-polymerase chain reaction (PCR) using the First-Strand 

cDNA Synthesis Kit (Intron Biotechnology, GyeongGi-do, Korea).

Quantitative real-time PCR analysis was processed using an PRISM 7500 Sequence 

Detection System (Applied Biosystems, Foster, CA), SYBR Green master mix (Applied 

Biosystems). The sequences of all primers used in qRT–PCR are listed in Table 1. 
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Oxygen consumption rate (OCR)

Cellular respiration was measured using an XF24 extracellular flux analyzer (Seahorse 

Bioscience, USA). The maximum oxidative capacity was evaluated under Basal conditions, 

SK I-I treatment conditions, and oligomycin (mitochondrial inhibitor) and FCCP

(mitochondrial uncoupler) treatment conditions. 1 μM rotenone inhibited mitochondrial 

complex I and 1 μM oligomycin inhibited mitochondrial complexes III.

Cell counting

Cell counting was performed by staining cells with trypan blue and then using a Countess II 

automated cell counter (Life Technologies).

Immuno-Western Blotting analysis

Cells were sampled in protein lysis buffer (Intron Biotechnology, GyeongGi-do, Korea), 

vortexed 3 times every 10 minutes and then centrifuged at 13,000rpm for 10 minutes. The 

protein concentrations were determined using the Bradford assay kit (Bio-Rad, Hercules, 

CA). 20 μg of protein per well was separated in SDS-polyacrylamide gel electrophoresis and 

transferred onto a nitrocellulose (NC) membrane. The NC membrane were blocked with 5% 

BSA (Bioworld, Dublin, OH), in Tris-buffered saline containing 0.5% Tween 20 (TBS) for 

60 minutes at room temperature, washes with 1X TBS/0.1% Tween 20 (TBST). The 

membrane was incubated with the suitable primary antibodies: SIRT3 (Cell signaling), β-

actin (Sigma Aldrich), for 16 h at 4°C. The membrane was washed with TBST 3 times 

every 10 minutes and incubated for 1 h at room temperature in incubating with proper 

horseradish peroxidase-conjugated secondary antibodies. And the membrane was detected 

with a Super Signal-West-Pico-Trial kit (Thermo Scientific, Rockford, IL) according to the 

product manual. 
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SIRT3 plasmid construction and lentiviral infection

Using the primers suCMV-hSIRT3 Forward (Cla I) ; 5’- CCG GTG ATA TCA TC GAT

CCACC atggcgttctggggttggcg-3’ and suCMV-hSIRT3 Reverse (Nhe I) ; 5’- GTA CTG AGA 

GTG CTA GC ctatttgtctggtccatcaagct-3’. The human SIRT3 cDNAs (GenBank: AF083108.2) 

were cloned by RT-PCR. The plasmids were transfected into DH5α cells, and then confirmed 

by PCR and enzyme cutting. The selective colones were stored at 4°C during sequencing.

For stable overexpression of SIRT3, HEK293T cells were transfected with lentiviral 

packaging vectors as well as SIRT3 plasmid using electroporation system and after 48h 

incubation, SIRT3 plasmid lentiviral particles were obtained. HN3R was infected by adding 

the lentiviral particles containing SIRT3 plasmid to the culture and then incubated for 

24h.Then, stable clones overexpressing SIRT3 were selected by puromycin (1 μg/ml) for 48h. 

The stable overexpression of SIRT3 was detected by Western blotting analysis. 

RNA interference

SIRT3 knock-down HN3 cell line was prepared to transfect with the SIRT3 siRNA (ON-

TARGETplus™ SMARTpool™ SIRT3 [L-004827-01, Dharmacon], negative control siRNA 

[D-001810-01-05, Dharmacon], by using Lipofectamine RNAi-MAX reagent (Invitrogen, 

Carlsbad, USA) according to manufacturer’s manuals.
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Results

Radio-resistant head and neck cancer cells (HN3R) were established 

We established a stable radio-resistant cells by accumulating up to 70 Gy irradiation (Figure 

1A) and named the radio-resistant cells by attaching R after the parent cell. We confirmed 

the acquisition of radio-resistance of HN3R by using clonogenic survival assays. First, both 

cell lines were seeded, grouped into 0,2,4,8 Gy and irradiated. Count colonies of about cells 

grown for about 10-14 days, divided by the number of seeded cells. As shown the clonogenic 

results, HN3R cells were confirmed to have acquired radiation resistance through the 

surviving fraction higher than HN3 cells. To measure the growth curves of HN3 cells and 

HN3R cells, we seeded 1x10� cells each cell lines in a 6-well plate and counted at 24 h 

intervals by trypan blue staining. The rate of cell proliferation was measured cell counting 

for four days (Figure 1C).

The metabolic profiles of HN3R cells displayed an increased aerobic glycolysis and a 

decreased mitochondrial respiration

We showed that radio-resistant induced fast cell proliferation. To examine HN3, HN3R cells 

metabolism changes, we measured glucose metabolism profiles. First, we analyzed glucose 

uptake and lactate production by colorimetric kit (Figure 2A-B). As a result, HN3R cells 

showed increased results compared to the results of HN3 cells in glucose uptake, lactate 

generation. In addition, glycolysis metabolites were analyzed by liquid chromatography 

mass tandem mass spectrometry (Figure 2C). The result was confirmed remarkably increased 

glucose, G6P / F6P, and PEP. And then, to confirm the expression of glycolytic enzyme, we 

performed quantitative real time PCR (qRT-PCR) (Figure 2D). We extracted total RNA from 

HN3 cells and HN3R cells, synthesized cDNA, and performed qRT-PCR with primers (Table 

1). GLUT1, GLUT3, and HKII were highly expressed. As mentioned, Warburg effect 

principle, cancer cells are improved aerobic glycolysis producing lactate rather than ATP 
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production through mitochondria. Therefore, we used oxygen consumption rate analysis 

(OCR) to identify the differences between HN3 and HN3R in mitochondrial respiration 

(Figure 2E-F). The mitochondrial respiration was measured in accordance with the XF-24 

analyzer manual According to the OCR, overall percentage of OCR was shown significant 

decrease in HN3R. OCR tests showed that mitochondrial function was significantly 

decreased in HN3R compared to HN3.

Glucose deprivation or treatment with glycolytic inhibitors induced cell death in HN3R

To confirm the above hypothesis, glucose deprivation was performed in HN3 and HN3R 

(Figure 3A). And then, to confirm the sensitivity to glycolysis targeting drugs such as a 

hexokinase inhibitor (2-Deoxyglucose, 2DG) and lactate dehydrogenase-A inhibitor (AT101), 

we treated these drugs in HN3 and HN3R and performed cell counting by trypan blue 

staining (Figure 3B-C). In all glycolytic inhibition conditions, the cell survival of HN3R 

cells was decreased compared to HN3.

Overexpression of SIRT3 restored glucose-dependent cell death

Accordingly, we confirmed that the expression level of SIRT3 was significantly decreased in 

HN3R compared to the HN3 (Figure 4B). To investigate whether SIRT3 involved in 

sensitivity to glucose by reintroducing SIRT3 into HN3R cells, we transduced the suCMV-

empty vector and suCMV-SIRT3 vector into HN3R cells by using lentiviral infection (Figure 

4A), and SIRT3 protein level of these cells confirmed by western blot assay (Figure 4B). To 

measure glucose-dependent cell death in SIRT3 overexpressed HN3R, glucose deprivation 

was performed (Figure 4C) and glycolytic inhibitors were treated each or both (Figure 4D). 

The cell survival was restored in SIRT3 overexpressed HN3R compared to the control vector 

group. We further identified radio-resistance through clonogenic assay in the control vector 

and SIRT3 overexpressed HN3R cells (Figure 4E).
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The level of SIRT3 was involved in glucose-dependent cell death

Whether SIRT3 determines regulating glucose-dependency, we attempted glucose 

deprivation after regulating SIRT3 expression (Figure5). First, resveratrol or honokiol drugs, 

known as activators, were treated and then, glucose deprivation proceeded (Figure 5A-B). 

When glucose was removed from the group treated with SIRT3 activators, cell rescue 

occurred in the treated group compared to the group not treated with activator.

On the contrary, we performed after SIRT3 knockdown in HN3 using siRNA transfection 

and then, glucose deprivation (Figure 5C). When glucose deprivation proceeded, cell death 

occurred in SIRT3 downregulation HN3 cells. So, we observed that the glucose sensitivity 

was increased in the attenuated SIRT3 cells. To verify radio-resistance in the negative control

and SIRT3 knockdown HN3 cells, we progressed clonogenic assay (Figure 5D).
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Figure1. Radio-resistant head and neck cancer cells (HN3R) ware established

Radio-resistant cancer cell established by fractionated irradiation at 2 Gy until accumulative 

dose of 70 Gy (A) were analyzed using clonogenic survival assay (B). The cell proliferation 

rate was determined by cell counting (C). 
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Table 1. List of primer sequences used for quantitative Real-time PCR (qRT-PCR)

Gene Primer sequence

GLUT1

(Glucose transporter type1)

F CTTTGTGGCCTTCTTTGAAG

R CCACACAGTTGCTCCACAT

GLUT3

(Glucose transporter type3)

F CGGCTTCCTCATTACCTTC

R GGCACGACTTAGACATTGG

HKII

(Hexokinase II)

F CAAAGTGACAGTGGGTGTGG

R GCCAGGTCCTTCACTGTCTC3

PFK

(Phosphofructokinase)

F GGATTACTGACCGCCTCTTTAGTT

R GCATTCCGTGAATTGTCCAT

LDHA

(Lactate dehydrogenase A)

F ACAACAGGATTCTAGGTGGAGGTT

R GAGTTGATGTTTTTCCCAGTCCAT

β-actin
F AGATGACCCAGATCATGTTTGAGA

R ATAGGGACATGCGGAGACCG
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Fig2. The metabolic profiles of HN3R cells reflect an increase in aerobic glycolysis and 

a decrease in mitochondrial respiration

Glucose metabolism profiles were analyzed glucose uptake (A) and lactate production (B)

using each colorimetric kit. Intracellular glycolysis metabolites were assessed by liquid 

chromatography-mass tandem mass spectrometry. GLU (glucose), G6P (glucose-6-phospate), 

F6P (fructose-6-phosphate), FBP (fructose-1,6-bisphosphate), 3PG (3-phosphoglycerate), 

PEP (phosphoenolpyruvate), PYR (pyruvate) (D). The mRNA level of glycolysis-related 

enzymes was determined using qRT-PCR (D). Radio-resistant cancer cell decreased 

mitochondrial respiration and confirmed degradation of mitochondrial function. These cells 

were treated mitochondria toxins including Oligomycin, FCCP, Antimycin and Rotenone. 

Mitochondrial respiration was analyzed by oxygen consumption rate (OCR) (E). Data are 

presented as the mean ± standard error from three independent experiments. *p < 0.05, **p < 

0.01, n=3.
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Fig3. Glucose deprivation or treatment with glycolytic inhibitors decrease cell viability 

of HN3R

Cell viability on glucose deficiency condition was measured using cell counting at 24 h after 

changing glucose-free medium (A). Cell viability on treatment with 10 mM 2DG (B) or 5 

μM AT101 (C) was measured using cell counting at 48 h after treatment (D). Data are 

presented as the mean ± standard error from three independent experiments. *p < 0.05, n=3.
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Fig4. Overexpression of SIRT3 rescues glucose-dependent cell death

Overexpression of SIRT3 in HN3R cells by lentivirus-mediated gene expression system. 

HN3R cells were infected with lentiviral vector (A). The SIRT3 protein expression were 

determined by western blot analysis respectively β-actin was used as an loading control (B).

Cell viability of glucose deprivation for 24 h(C) and treatment with 10 mM 2DG and 5 μM 

AT101 for 48 h (D) was measured using cell counting. To identify radio-resistance in the 

control vector and SIRT3 overexpressed HN3R cells (E). Data are presented as the mean ±

standard error from three independent experiments. *p<0.05, **p<0.01, n=3 (c,d).
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Fig5. The level of SIRT3 regulates glucose deprivation-induced cell death

HN3R cells were treated with 5 μM RSV for 48 h (A), or 0.2 μM HNK for 24 h (B) and the 

HN3R medium was changed to glucose-free medium. And then, cell viability was analyzed 

by cell counting (A-B). SIRT3 knock-down HN3 cells were achieved using a SIRT3 siRNA

and control siRNA. These cells were transfected siRNA for 24 h. Cell viability on glucose 

deficiency condition was measured using cell counting (C). We further verified radio-

resistance through clonogenic survival assay in the negative control and SIRT3 knockdown 

HN3 cells (D). Data are presented as the mean ± standard error from three independent 

experiments. *p<0.05, **p<0.01, n=3.
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Discussion

Radiotherapy is known to induce changes in many molecules and signaling pathways 

involved in tumor cell metabolism. Cells are damaged by radiation, and cells that have

acquired radio-resistance survive in the process and become recurrent cancer cells. There is 

precedent research that can be associated with the metabolism of cancer cells during the 

acquisition of radio-resistance. And then, glycolysis is known as a metabolism of cancer cells. 

Recently, glycolysis and mitochondrial metabolism are closely related to the process of 

acquiring radio-resistance. SIRT3, a mitochondrial protein, is attracting attention as a 

primary concern. Therefore, in this paper, we investigated the relationship between SIRT3 

and glucose-dependency in radio-resistance cancer cells. In order to investigate the 

relationship between SIRT3 and glucose-dependency in a radio-resistant cell, we first 

established a radio-resistant cancer cell model (HN3R) from head and neck cancer cells 

(HN3) (Figure 1A)30). To confirm the radiotherapy-induced metabolic shift in the established 

radio-resistance cell line, glucose uptake, lactate production, and metabolic profiling were 

analyzed. As a result, glucose metabolism was further increased in HN3R cells. The OCR 

results showed that mitochondria function was reduced in HN3R cells (Figure 2E-F)31). It 

showed that HN3R is more glucose sensitive. Then, we examined glucose-deprivation and 

glycolytic inhibitors to determine whether there is a glucose metabolism change in the course 

of irradiation, or the relationship between glycolysis and radiation resistance acquisition. At 

24 hours after removal of glucose, HN3Rr cells were found to be 50% alive compared to 

HN3 cells (Figure 3A). Similarly, treatment with 2DG, AT101, glycolytic inhibitors, was 

observed to death more HN3R cells. Therefore, HN3R cells were found to die more 

sensitively in all glycolytic inhibit conditions. In addition, SIRT3 expression level, which is 

known to be involved in metabolic shift and radio-resistant, was decreased in HN3R cells 

using western blotting assay (Figure 4B)29). SIRT3 overexpression HN3R cells were 

transduced using lentiviral infection (Figure 4A). As a result of repeating the previous 

experiments using these cells, glucose sensitivity decreased and HN3R cells with increased 
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expression of SIRT3 showed increased radio-sensitivity (Figure 4C-E)32). Using SIRT3 

activators RSV and HNK, the expression of SIRT3 was further increased in HN3R cells and 

glucose-dependency was confirmed. Similarly, cell rescue was evidenced by increased 

expression of SIRT3 (Figure 5A-B). If so, is glucose-dependency due to SIRT3 changes 

induced in the course of obtaining radio-resistant?33-36) We observed glucose-dependency and 

radio-sensitivity after the down regulation of SIRT3 expression in radio-sensitive HN3 cells. 

So, we found that cells were more radio-resistant and more dependent on glucose under 

conditions of reduced SIRT3 expression (Figure 5C-D).

To summarize, in this study, we investigated the relationship between glucose metabolism 

and SIRT3 in radio-resistant cells after radiotherapy. As a result, it was confirmed that 

glucose dependency was controlled according to SIRT3 level. Finally, we believe that the 

mechanism between glucose-metabolism according to SIRT3 level may be an important 

target for recurrent cancer and anticancer-therapy after radiotherapy, which may be useful in 

future studies.
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국문요약

방사선치료는 수술, 항암화학요법과 더불어 항암치료의 중요한 치료법의 하나

로 사용되고 있다. 그러나 암세포의 방사선에 대한 저항성 획득은 치료의 실패

및 재발암의 주요원인으로 성공적인 치료에 있어 심각한 장애요인이다. 방사선

조사 후 저항성 획득에 대한 치료법이 전무한 상태에서 암세포의 방사선 저항성

과정의 기전을 이해하고 극복한다면 방사선 치료의 긍정적인 예후에 도움이 될

것이다. 따라서, 방사선 치료 과정에서 방사선 저항성 획득 세포가 생성됨에 따

라 암세포와 방사선 저항성 획득 세포 간의 차이와 그 조절기전을 규명하고자

한다. 

두경부암 세포주 (HN3)에 2 Gy 의 방사선을 조사하여 총 70 Gy 가 축적되도

록 반복적으로 조사한 후 clonogenic assay 를 통하여 방사선 저항성 두경부암

세포주 (HN3R)의 확립을 확인하였고 확립한 HN3R 세포주는 HN3 세포주에

비하여 빠르게 증식하는 것을 관찰하였다. 두 개의 세포주에서 세포대사 변화를

확인한 결과, HN3R 세포에서 glucose uptake 와 lactate production 이 증가하

고, metabolite profiling, quantitative real-time PCR (qRT-PCR)을 진행하여

당대사 중간산물과 당대사에 관여하는 효소들이 증가하는 것을 확인하였다. 또한, 

oxygen consumption rate (OCR) 실험으로 HN3R 세포가 HN3 세포에 비교하

여 미토콘드리아의 기능이 현저히 감소되어 있음을 확인하였다. Glucose 

deprivation 과, 당대사 표적치료제인 hexokinase inhibitor (2-Deoxy-D-

glucose, 2DG) 와 lactate dehydrogenase-A inhibitor (AT101) 약물들을 처
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리한 결과를 통하여 HN3R 세포가 더 glycolytic inhibitor 들에 민감함을 확인

하였다. 최근 다양한 종류의 에너지 대사를 매개하는 주요 탈아세틸화 효소로 미

토콘드리아의 SIRT3 가 주목받고 있는 데, SIRT3 의 발현량을 확인한 결과

HN3 세포에 비하여 HN3R 세포에서 SIRT3 의 발현량이 현저히 감소 해 있다

는 것을 확인하였다. 그리고, SIRT3 가 glucose에 대한 민감도를 유도하는 지를

확인하기 위하여 SIRT3 를 과다발현 시킨 HN3R 세포주를 확립하였다. SIRT3

를 과다발현 시킨 HN3R 세포에 glucose deprivation 을 진행했을 때와,

glycolytic inhibitor인 2DG, AT101 을 처리하였을 때, 대조군에 비하여 실험군

에서 세포 생존성이 회복되는 것을 볼 수 있었다. SIRT3 activator 약물로 알려

진 resveratrol (RSV) 과 honokiol (HNK) 약물들을 처리하여 SIRT3 의 발현

량을 증가시킨 경우에도 동일하게 실험군에서 세포 생존성을 회복하였다. 반대로

HN3 세포에 SIRT3 발현을 siRNA 를 이용하여 Knockdown 시키고 glucose 

deprivation 을 진행한 결과, SIRT3 발현량이 감소된 HN3 세포에서 세포의 생

존성이 감소하는 것을 볼 수 있었다.

위와 같은 결과를 통해 방사선 저항성 획득과정에서 SIRT3 의 발현이 감소되

고 glycolytic shift 를 통해 glucose dependence 가 증가하는 것을 확인하였다.

최종적으로, 방사선 치료 후 SIRT3 발현이 감소한 재발암의 양상에서 잠재적인

치료 타겟으로 glucose metabolism 을 조절하는 것이 향후 방사선 저항성 획득

과정의 기전을 규명하고 치료의 한계를 벗어날 수 있는 중요한 기초자료를 제공
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할 것이라 기대한다.

중심단어 : Sirtuin3 (SIRT3), Radio-resistance, Glucose deprivation, Recurrent cancer cells, 

Head and neck cancer.
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