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ABSTRACT 
 
 
 

Analysis of mitochondrial toxicity induced 

by antiviral treatment for chronic hepatitis 

 

 

         Yoon Ok Jang 

Dept. of Medicine 

The graduate School 

Yonsei University 

                

Clevudine is a nucleoside analog reverse transcriptase inhibitor that exhibits potent 

antiviral activity against hepatitis B virus (HBV) without serious side effects. 

However, mitochondrial myopathy has been observed in patients with chronic HBV 

infection taking clevudine. Moreover, the development of diabetes was recently 

reported in patients receiving long-term treatment with clevudine.  

In this study, we investigated the effects of clevudine on mitochondrial function 

and insulin release in a rat clonal β-cell line, INS-1E. We measured the levels of 

mitochondrial DNA (mtDNA) and cytochrome c oxidase-1 (Cox1) mRNA transcribed 

from mtDNA using quantitative PCR.  
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Both INS-1Ecells and HepG2cells, which originated from human hepatoma, 

showed dose-dependent decreases in mtDNA copy number and Cox1 mRNA level 

following culture with clevudine (10mM-1mM) for 4wks. INS-1E cells treated with 

clevudine had reduced total mitochondrial activities, lower cytosolic ATP contents, 

and enhanced lactate production. Insulin release in response to glucose application 

was markedly decreased in clevudine-treated INS-1E cells, which might be a 

consequence of mitochondrial dysfunction.  

Our data suggest that high-dose treatment with clevudine induces mitochondrial 

dysfunction caused by the depletion of mtDNA and impairs glucose-stimulated 

insulin secretion in insulin-releasing cells. These findings partly explain the 

development of diabetes in patients receiving clevudine who might have a high 

susceptibility to mitochondrial toxicity.  

 

 

 

 

 

 

 

 

                                                                   

Key words : clevudine, mitochondrial DNA, mitochondrial dysfunction, 

glucose-stimulated insulin secretion 
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I. INTRODUCTION 

 

Chronic hepatitis B virus (HBV) infection, affecting 350 million people worldwide, 

is associated with significant morbidity and mortality. Approximately 15 – 40% of 

individuals with chronic HBV infection will develop chronic hepatitis B that has 

potential of evolving into cirrhosis, decompensated liver disease or hepatocellular 

carcinoma1.  
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As carriers of HBV serve as reservoirs for vertical and horizontal transmissions, the 

prevalence of carriers and the number of acute and chronic liver diseases place HBV 

infection among the most frequent and important transmissible diseases of the 

hepatobiliary system2,3,38 (Fig 1). 

The selection of an anti-HBV therapy is critical in reducing HBV DNA replication.  

Implementation of effective treatment in the early stages of disease may reduce the 

burden of chronic HBV infection by reducing progression to more advanced stages of 

liver disease2,4.  
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Figure 1. Life cycle of hepatitis B virus (Debika and Chloe, 2010). 

cccDNA, covalently closed circular DNA; ER, endoplasmic reticulum; HBeAg, 

hepatitis B e antigen; HBsAg, hepatitis B surface antigen; HBx, HBV X protein; 

mRNA, messenger RNA; POL, polymerase. 
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Several antiviral drugs including immunomodulators, interferon-α (IFN-α) and 

nucleoside analog reverse transcriptase inhibitors (NRTIs) including entecavir, 

lamivudine, adefovir and telbivudine have been developed and prescribed for HBV 

infection.  

NRTIs undergo intracellular and intramitochondrial phosphorylation into active 

triphosphates that are capable of inhibiting HIV reverse transcriptase (RT)5. However, 

these drugs have side effects such as lipodystrophy, neuropathy, myopathy, and liver 

steatosis, all of which are related to mitochondrial toxicity.  

Mitochondrial biogenesis is a complex process requiring the coordinated expression 

and assembly of 1500 proteins encoded by both the nuclear and mitochondrial 

genomes6,7. Mitochondrial genes involved in mitochondrial biogenesis, including 

peroxisome proliferator-activated receptor  co-activator 1 (PGC-1), nuclear 

respiratory factor-1 (NRF-1), and mitochondrial transcription factor A (Tfam) are 

upregulated as a consequence, leading to increased mtochondrial biogenesis8 (Fig 2).  

Cytochrome c oxidase (COX1) is an enzyme complex of the mitochondrial 

respiratory chain that is a reliable indicator of mitochondrial activity9. PGC-1 is 

regarded as a crucial regulator of mitochondrial biogenesis by virtue of its ability to 

co-activate and augment the expression and activity of several transcription factors 

that in turn bind to the promoters of distinct sets of nuclear-encoded mitochondrial 

genes6,10. PGC-1 is also indirectly involved in regulating the expression of 

mitochondrial DNA (mtDNA) transcription via increased expression of Tfam as 

executed by its co-activation of NRF-111-13.   
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In this manner, PGC-1 may act as a central regulator of the adaptive response to 

exercise by coordinating metabolic gene expression in both the nuclear and 

mitochondrial genomes.  
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Figure 2. Mitochondrial biogenesis (Enzo N et al., 2007). 

 

 

 

 

 



７ 
 

In vitro and in vivo studies have shown that some NRTIs inhibit DNA polymerase-r, 

a nuclear-encoded polymerase important for mitochondrial DNA (mtDNA) 

replication4,14. Depletion of mtDNA induced by NRTIs may attenuate mitochondrial 

oxidative phosphorylation, which could limit their clinical use.  

Clevudine (1-(2-deoxy-2-fluoro-β-L-arabinofuranosyl) thymine) is a L-thymidine 

analogue with potent activity against HBV as well as Epstein–Barr virus in vitro39 

(Fig. 3). Clevudine has a long half-life, low toxicity and no effect on mitochondrial 

structure or DNA function and inhibits the DNA-dependent DNA activity of HBV 

polymerase, as well as reverse transcription and priming2,15-17. However, long-term 

therapy for more than one year results in the development of considerable drug 

resistance and skeletal myopathy2,17-19. 

Muscle biopsies from patients with myopathy as a complication of clevudine 

treatment revealed severe necrosis with cytochrome c oxidase (COX)-negative ragged 

red fibers, the typical phenotype of mitochondrial myopathy2,20. Clevudine-induced 

myopathy developed in approximately 4-5% of patients and was usually reversible 

after discontinuation of clevudine19. It is well known that mitochondria play a critical 

role in nutrient-stimulated insulin secretion, as well as in insulin actions at target cells 

21. Recently, a patient who developed diabetes mellitus after clevudine treatment was 

reported22. 

We hypothesized that the mitochondrial dysfunction invoked by clevudine treatment 

could be a precipitating factor in diabetogenesis. Until now, the majority of in vitro 

studies for antiviral agent toxicities have been performed in different cell types, 

yielding conflicting results23-25. 
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Insulin-secreting cells are highly specialized fuel sensors that maintain blood 

glucose level in the body by monitoring the ATP/ADP ratio, which is strictly 

regulated by mitochondrial oxidative phosphorylation. Thus, insulin-secreting cells 

are an appropriate model system for identification of mitochondrial toxicity and its 

functional consequences following antiviral therapy.  

In this study, we investigated the effects of clevudine exposure on mtDNA content, 

mitochondrial function, and metabolism-secretion coupling in insulin-releasing cells 

to elucidate the mechanism underlying the reversible diabetes observed in clevudine-

treated patients. 
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Figure 3. The chemical structure of Clevudine (Ashoke S et al., 2008). 

(1-(2-deoxy-2-fluoro-β-L-arabinofuranosyl) thymine) 
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II. MATERIALS AND METHODS 

 

1. Cell culture and drugs 

INS-1E cells received from Prof. Claes B. Wollheim (University of Geneva, 

Switzerland) were cultured in complete medium composed of RPMI 1640 (Invitrogen, 

Carlsbad, CA, USA) supplemented with 10% fetal calf serum, 1mM sodium pyruvate, 

50 mM 2-mercaptoethanol, 2 mM glutamine, 10 mM HEPES, 100 units/ml penicillin, 

and 100 mg/ml streptomycin. HepG2 cells were grown in DMEM medium 

(Invitrogen) containing 5.6 mM glucose, 4 mM L-glutamine and 1 mM sodium 

pyruvate. Cells maintained free-floating at 37℃ in an atmosphere of 5% CO2 and 

95% air in a humidified incubator.  

Clevudine was purified from Revovir® tablets (Bukwang Pharm. Co., Seoul, Korea).  

The amount of harvested clevudine was analyzed using HPLC (Agilent G1315B UV 

Diode array detector, AD, Santa Clara, CA, USA). A single peak with the expected 

amount of clevudine was measured based on the known weight of one tablet.  
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2. Quantitative PCR 

Total DNA or RNA was isolated and purified from INS-1E and HepG2 cells using 

DNeasy or RNeasy kits (Qiagen, Valencia, CA, USA), respectively.  

DNA and RNA concentration were determined using Ultrospec 2100 pro 

UV/Visible Spectrophotometer (Amersham Bioscience, Freiburg, Germany). 

For cDNA synthesis, reverse transcription (RT) was performed with 1ug RNA, 

random hexamers (Takara, Kyoto, Japan) using reverse transcriptase (Promega, 

Madison, WI, USA). Samples were incubated at 42℃ for 60min, 99℃ for 5min, 4℃ 

for 6min. 

For PCR amplification, sequence-specific oligonucleotide primers for the genes of 

interest were designed (Bioneer, Daejeon, Korea) based on rat and human sequences 

in the GenBank database (Table 1).  

Quantitative real-time PCR using SYBR Green PCR Master Mix (Applied 

Biosystems, Foster City, CA, USA) was performed in an ABI PRISM 7900HT 

Sequence Detection System (Applied Biosystems) according to the manufacturer’s 

protocol. All amplifications were followed by melting curve analysis.  

Data were obtained as Ct values (the cycle number at which logarithmic PCR plots 

cross a calculated threshold line) according to the manufacturer`s guidelines and used 

to determine △Ct values (Ct of target gene - Ct of housekeeping gene) as raw data 

for gene expression. Fold change in gene expression was determined by subtracting 

△Ct values for clevudine treated samples from their control. The resulting △△Ct 

values were then used to calculate fold change in gene expression as 2-△△Ct. 
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Table 1. Primers for quantitative PCR 

 

Name  Primer sequence Accession code product 

size 

rat β-actin + ATGGTGGGTATGGGTCAGAA NM_031144.2 100 bp 

- TCCATATCGTCCCAGTTGGT   

rat Cox1 + GGAGCAGTATTCGCCATCAT NC_001665 90 bp 

- GTGGGCTTTTGCTCATGTGT   

rat PGC1a + GGCACATCTGTTCTTCCACA NM_031347.1 110 bp 

- TTCCTGGTCTTGGAGCTGTT   

rat NRF1 + GGACAGCAAGCCATTGTTCT NM_001100708.1 98 bp 

- TACTTGCGCACCACATTCTC   

rat Tfam + GCTGAGTGGAAGGTGTACAAAG NM_031326.1 85 bp 

- CTTCCTTCTCTAAGCCCATCAG   

human β-actin + AAGTTCACAATGTGGCCGAG 

 

NM_001101.3 

 

98 bp 

- ATGGCAAGGGACTTCCTGTA   

human Cox1 + CACACTCCACGGAAGCAATA NC_012920.1 82 bp 

- GCCACCTACGGTGAAAAGAA   

 

 

 

 

 

 

 

 



１３ 
 

3. MTT assay 

3-(4,5-dimethylhioazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) was 

purchased from Sigma (St. Louis, MO, USA). INS-1E cells seeded onto a 96-well 

plate were incubated with MTT (50 mg/well) for 2 hrs, and then the medium was 

discarded and replaced with dimethylsulphoxide (100 ml/well)26. The absorbance of 

each well was measured at 570 nm using an enzyme-linked immunosorbent assay 

(ELISA) reader, after background subtraction at 650 nm. 

 

4. ATP and lactate measurements 

INS-1E cells seeded onto 24-well plates (3 x 105cells/well) were preincubated with 

glucose-free medium for 2hrs prior to incubation with KRBH solution (135mMNaCl, 

3.6mMKCl, 2mMNaHCO3, 0.5mMNaH2PO4, 0.5mMMgSO4, 1.5mMCaCl2, 

10mMHEPES, pH7.4) containing 2.8mM glucose for 30min. The cells were then 

stimulated for 15min with KRBH buffer at a low (2.8mM) or high (16.7mM) glucose 

concentration. The ATP content in the cell lysate and the lactate level in the cell 

supernatant were measured as described previously26. Measurement of the protein 

concentration in cell lysates was performed using the Bradford assay. 

 

5. Insulin measurement 

INS-1E cells were seeded and cultured as for ATP and lactate measurement. For 

insulin measurement, 0.1% bovine serum albumin was included in the KRBH 

solution, and the cells were stimulated with low or high concentrations of glucose for 
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30 min, as described previously26. Insulin levels in supernatant and cell extracts were 

measured using a rat insulin enzyme immunoassay kit (Shibayagi Co., Gunma, Japan). 

 

6. Statistical analysis 

Data are presented as mean ± SEM (standard error of the mean), and the statistical 

significance was determined using Student’s t test. A P values of less than 0.05 was 

considered to be statistically significant. 
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IV. RESULTS 

 

1. Effects of clevudine on mtDNA copy number and mRNA level of 

mtDNA encoded genes 

 

INS-1E cells were cultured with different concentrations of clevudine for 4wks and 

the in vitro effects on mtDNA replication and translation were measured. Treatment 

with clevudine (10mM to 1mM) reduced the mtDNA copy number in a dose-

dependent manner (Figure 4A). The mRNA levels of mtDNA-encoded Cox-1 were 

also dose-dependently attenuated by clevudine (Figure 4B). Treatment with 1mM 

clevudine reduced the mtDNA copy number and mRNA levels to less than half of 

those in the controls. 

We next examined the effects of clevudine on the levels of mtDNA and mtRNA in 

the human hepatoma cell line HepG2, major target cells of insulin action. Clevudine 

showed suppressive effects on mtDNA replication and transcriptionin HepG2 cells, 

similar to the effect in INS-1Ecells (Figures 5A and 5B). 

We also observed upregulation of PPAR- coactivator 1 (PGC-1, 4.12-fold, n=3), 

mitochondrial transcription factor A (Tfam, 1.33-fold, n=3), and nuclear respiratory 

factor 1 (NRF1, 1.25-fold, n=3) in clevudine (100uM)-treated INS-1E cells. 

Upregulation of these transcription factors could be a nuclear response to 

mitochondrial dysfunction4. 
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Figure 4. Effects of clevudine on mitochondrial DNA copy number and 

mRNA levels of mitochondria-related genes in INS-1E cells. Mitochondrial 

DNA copy number and mRNA level of the mtDNA-encoded Cox-1 gene were 

measured using quantitative PCR. Clevudine reduced the expressions of mtDNA (A) 

and Cox-1 mRNA (B) in the rat clonal β–cell line INS-1E cell in a dose-dependent 

manner. Data presented are mean ± SEM. The number of experiments is shown in 

parenthesis.  
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Figure 5. Effects of clevudine on mitochondrial DNA copy number and 

mRNA levels of mitochondria-related genes in HepG2 cells. Mitochondrial 

DNA copy number and mRNA level of the mtDNA-encoded Cox-1 gene were 

measured using quantitative PCR. Clevudine reduced the expressions of mtDNA (A) 

and Cox-1 mRNA (B) in the human hepatoma cell line HepG2 cells in a dose-

dependent manner. Data presented are mean ± SEM. The number of experiments is 

shown in parenthesis.  

Control 10M 100M 1mM
0.0

0.2

0.4

0.6

0.8

1.0

ClevudineClevudine

(3)

(3)

(2)

(3)

N
o

rm
al

iz
ed

 m
tD

N
A

 l
ev

el

Control 10M 100M 1mM
0.0

0.2

0.4

0.6

0.8

1.0

ClevudineClevudine

(3)

(1)

(3)

(3)

N
o

rm
al

iz
ed

 C
o

x-
1 

m
R

N
A

 l
ev

el



１８ 
 

2. Mitochondrial dysfunction induced by clevudine  

 

The amount of formazan reaction product formed in the MTT assay reflects the total 

mitochondrial enzymatic activity in each well. INS-1E cells treated with or without 

clevudine for 4 wks were seeded 48 hrs before the MTT assay. Exposure to clevudine 

decreased the MTT absorbance (71% by 100 mM and 56% by 1 mM), implying a 

reduction in cell number, as well as mitochondrial activity (Figure 6).  

We measured the cellular contents of ATP in control and clevudine-treated INS-1E 

cells using a bioluminescence method after incubation with low (2.8 mM) or high 

(16.7 mM) concentrations of glucose for 15 min. As shown in Figure 7, cells cultured 

with 1 mM clevudine had a low cytosolic ATP level in both low and high glucose 

conditions. However, treatment with 100 mM clevudine did not affect the ATP 

content (Figure 7), even though it significantly decreased the MTT signal (Figure 6). 

Lactate production from INS-1E cells was markedly elevated by incubation with 

glucose for 15 min (Figure 8). The glucose-induced lactate production was modestly 

increased in cells treated with clevudine (100 mM and 1 mM) compared with that in 

the control cells (Figure 8).  
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Figure 6. High-dose clevudine decreased MTT intensity in INS-1E cells. 

Clevudine reduced the MTT signal, which reflects total mitochondrial activity within 

each well. Data are presented as means ± SEM and ** denotes p<0.01. 
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Figure 7. Effects of clevudine on cytosolic ATP content in INS-1E cells. 

Cellular contents of ATP in control and clevudine-treated INS-1E cells were measured 

by using a bioluminescence method after incubation with low (2.8 mM) or high (16.7 

mM) concentrations of glucose for 15 min. Clevudine decreased the cytosolic ATP 

level in both low and high glucose conditions. Data are presented as means ± SEM and 

* denotes p<0.05. 
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Figure 8. Effects of clevudine on lactate production from INS-1E cells. 

The glucose-induced lactate production was modestly increased in cells treated with 

clevudine (100 mM and 1 mM) compared with that in the control cells. Data are 

presented as means ± SEM.  
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3. Inhibition of glucose-stimulated insulin secretion by clevudine  

 

To identify whether clevudine-induced mitochondrial dysfunction affects insulin 

secretory activity, we measured the released and cellular contents of insulin via an 

enzyme immunoassay. The cellular insulin contents were not significantly different 

between control (816±167 ng/well) and clevudine (1 mM)-treated INS-1E cells 

(769±170 ng/well). After incubation for 30 min with low (2.8 mM) or high (16.7 

mM) concentrations of glucose, the released insulin was normalized to the cellular 

content and expressed as a percentage of the content released.  

We observed that high concentration glucose stimulated the release of insulin by 

5.1-fold in control cells but by only 3.1-fold and 1.9-fold in cells treated with 100 

mM and 1 mM clevudine, respectively (Figure 9). There was no difference in % 

insulin releases induced by low concentration glucose between the control and 

clevudine-treated groups (Figure 9).  
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Figure 9. Clevudine inhibited glucose-stimulated insulin secretion. 

Released insulin and cellular insulin content were measured using an enzymatic 

immunoassay after incubation with Krebs buffer containing 2.8 mM or 16.7 mM 

glucose for 15 min. Insulin release was normalized to the insulin content. **denotes 

p<0.01. 
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 IV. Discussion 

 

In pancreatic β-cells, mitochondria are of particular importance in the regulation of 

insulin secretion because they produce ATP as well as other coupling factors which 

link nutrient metabolism and insulin exocytosis21. mtDNA-depleted β-cell lines show 

complete absence of nutrient-stimulated insulin secretion27. Patients with mtDNA 

mutations develop diabetes, accounting for up to 1% of the total number of diabetic 

patients28. Moreover, postmortem islets from type 2 diabetes patients display 

functional deterioration of mitochondria29. Therefore, factors that disturb the 

mitochondrial function in pancreatic β-cells might affect metabolism-secretion 

coupling and diabetogenesis.  

The present study showed that the effective anti-HBV agent clevudine has a 

negative effect on the copy number and transcription of mtDNA in insulin-releasing 

cells and hepatoma cells. The reduced expressions of mtDNA-encoded proteins lead 

to attenuation of mitochondrial function. In insulin-releasing cells, clevudine-induced 

mitochondrial dysfunction can elicit defective insulin secretion in response to 

substrates for mitochondrial metabolism. To our knowledge, this is the first 

demonstration that an antiviral agent can impair nutrient-stimulated insulin secretion 

as a result of mitochondrial dysfunction. Because of their high dependency on 

mitochondrial function in metabolism-secretion coupling, insulin-secreting cells 

provide a useful model to investigate the functional consequences of drug-induced 

mitochondrial toxicity.  
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NRTIs are widely used to treat various viral diseases such as acquired 

immunodeficiency syndrome (AIDS) and hepatitis B30. However, in vitro studies 

showed that NRTIs can alter mtDNA content by inhibiting DNA polymerase-r31.   

Moreover, myopathy accompanied by mtDNA depletion has been reported in NRTI-

treated patients14. Clevudine treatment has also been associated with the development 

of mitochondrial complications. In contrast to early studies5, depletion of mtDNA in 

skeletal muscle has been observed in patients treated with clevudine2,32. Typical 

histological features of mitochondrial myopathy and abnormal mitochondria 

morphology were displayed in tissues from patients with increased lactate 

dehydrogenase and lactate levels18,20. Although the incidence of clevudine-induced 

myopathy was reported to be low (~5%)19, a substantial proportion (~14.5%) of 

clevudine-treated patients have been found to experience symptoms, signs, and 

laboratory abnormalities relevant to clevudine-induced myopathy33. 

To directly confirm the effects of clevudine on mitochondrial function, we cultured 

cells with medium containing different concentrations of clevudine for 4 wks.   

Clevudine markedly decreased the MTT signal and cellular ATP content, consistent 

with depletion of mtDNA. We also observed some compensatory responses to 

reduced mtDNA copy number and its functional consequences. First, PGC-1a and its 

downstream transcriptional factors, NRF-1 and Tfam, were upregulated by clevudine.   

Second, lactate production was modestly increased in association with diminished 

ATP content. Pancreatic β-cells and clonal β-cell lines are known to have very low 

lactate dehydrogenase levels, which contribute to their dependency on mitochondrial 

function. The increase in lactate production observed in our study also demonstrates 
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that clevudine imposes selective defects on mitochondria rather than overall 

cytotoxicity.  

Niu et al34. suggested that the intracellular level of the triphosphate form of 

clevudine in cells exposed to 1 mM extracellular clevudine approximates the plasma 

level in patients receiving a 30 mg dose. Our results indicated that impairments in 

mitochondrial function and insulin secretion are elicited only by high concentrations 

of clevudine (>100mM). This means that clevudine would minimally affect 

mitochondrial function within the therapeutic concentration range. It is noteworthy, 

however, that mutations or polymorphisms of DNA polymerase-g were identified in 

NRTI-treated patients with mitochondrial complications35. This suggests that genetic 

alterations in DNA polymerase-g are not normally deleterious, but that certain 

conditions such as NRTI treatment may push mitochondrial activity below the clinical 

threshold, causing pathogenic dysfunction36. Differences in genetic susceptibility to 

mitochondrial toxicity could be one explanation for why a limited proportion of 

patients receiving clevudine have complications including myopathy. Clevudine-

induced depletion of mtDNA is not restricted to insulin-secreting cells but is also 

observed in cultured hepatoma cells or muscle tissue from patients2,32. Mitochondrial 

dysfunction in insulin target tissues such as liver and muscle could result in insulin 

resistance and diabetes37. In addition to defects in insulin secretion, decreased 

sensitivity in insulin target cells can also participate in diabetogenesis in patients 

receiving clevudine who might have a high susceptibility to mitochondrial toxicity. 

Further studies concerning the effects of NRTIs on mitochondrial function in different 
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cell types may help us understand these intractable complications and develop novel 

antiviral agents. 
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Ⅴ. CONCLUSION 

 

Both INS-1E cells and HepG2 cells, which originated from human hepatoma, 

showed dose-dependent decreases in mtDNA copy number and Cox1 mRNA level 

following culture with clevudine (10mM-1mM) for 4wks. INS-1E cells treated with 

clevudine had reduced total mitochondrial activities, lower cytosolic ATP contents, 

and enhanced lactate production. Insulin release in response to glucose application 

was markedly decreased in clevudine-treated INS-1E cells, which might be a 

consequence of mitochondrial dysfunction. These results indicate that high-dose 

treatment with clevudine induces mitochondrial dysfunction caused by the depletion 

of mtDNA and impairs glucose-stimulated insulin secretion in insulin-releasing cells.  
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ABSTRACT IN KOREAN 

 

 

만성간염치료를 위한 항바이러스 제제의  
미토콘드리아 독성 분석 

 

<지도교수 백 순 구> 
 

연세대학교 대학원 의학과 
장 윤 옥 

 

만성 B 형 간염 바이러스는 간경화, 전격성 간부전, 간세포암과 같은 
간질환의 주요 원인이다. B 형 간염 치료에는 대부분 바이러스 DNA 
중합효소를 억제하는 nucleoside 유도체인 여러 항바이러스 제제가 
사용되고 있으며, 클레부딘은 B 형 간염 바이러스에 대한 강력한 
항바이러스 작용하는 nucleoside 유도체이다. 하지만 클레부딘을 장기간 
복용한 만성 B 형 간염환자에서 근병증 및 당뇨병을 유발한다고 
보고되었다.  
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이에 본 연구에서는 클레부딘이 췌장 베타 세포주인 INS-1E 세포에서 
미토콘드리아 기능과 인슐린 분비에 미치는 영향에 대해 연구하였다. 
Quantitative PCR 을 이용하여 미토콘드리아 DNA 로부터 미토콘드리아 
복제수와 cytochrome c oxidase-1 (Cox1) mRNA 발현양을 분석하였다. 

INS-1E 세포와 간암 세포주인 HepG2 세포에 클레부딘 (10um-
1mM)을 적합한 DMEM 및 RPMI 배지에 4 주간 배양한 후 미토콘드리아 
DNA 복제수와 Cox1 mRNA 발현양을 측정한 결과 용량이 증가할수록 
이에 비례하여 유의하게 감소하였다. 클레부딘을 처리한 INS-1E 
세포에서 ATP content 는 감소하고 (p<0.05), 젖산 생성양은 증가하며 
(p<0.01), 인슐린 분비량은 감소됨을 확인하였다 (p<0.05). 

이상의 실험결과들을 바탕으로 고농도의 클레부딘은 미토콘드리아 DNA 
복제수 감소로 인해 미토콘드리아 기능부전을 일으키며, 결과적으로 
인슐린 분비 세포에서 포도당 자극에 대한 인슐린 분비 능력의 손상을 
초래함을 확인하였다. 이러한 결과는 미토콘드리아 독성에 취약한 
사람에서 나타나는 클레부딘에 의한 당뇨발생의 기전을 부분적으로 
설명하고 있다고 사료된다. 
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