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研究成果の概要（和文）：ms2i6A修飾酵素で あるCDK5RAP1を抑制した口腔扁平上皮癌細胞株SASおよび5FU耐性
口腔扁平上皮癌細胞株FR2-SASにおいて、5-FUを投与した際の生細胞数の減少、死細胞数の割合の増加が確認さ
れた。さらにi6Aには抗腫瘍効果が存在することが知られており、今回、SASおよびFR2-SASにi6Aを投与すること
によって増殖能の減少を確認した。また、FR2-SASにおいてそれはよ り顕著であった。また、トリパンブルー染
色を用いて生細胞と死細胞を測定したところ。i6A投与することにより濃度依存的に細胞死を誘導していること
が示さ れた。

研究成果の概要（英文）：In oral squamous cell carcinoma cell line SAS and 5FU-resistant oral 
squamous cell carcinoma cell line FR2-SAS, in which the ms2i6A modifying enzyme CDK5RAP1 was 
suppressed, a decrease in the number of viable cells and an increase in the percentage of dead cells
 were observed when 5-FU was administered. Furthermore, i6A is known to have an antitumor effect, 
and in this study, we confirmed a decrease in proliferative capacity when i6A was administered to 
SAS and FR2-SAS. This was more pronounced in FR2-SAS. In addition, the measurement of live and dead 
cells using trypan blue staining showed that i6A treatment induced cell death in a 
concentration-dependent manner.

研究分野： 外科系歯学

キーワード： tRNA修飾　口腔扁平上皮癌　SAS　ミトコンドリア　抗癌剤耐性

  １版

令和

研究成果の学術的意義や社会的意義
口腔癌は全頭頸部癌の約40%を占める癌であり、その80%以上を口腔扁平上皮癌が占めている。近年、免疫療法も
含めた集学的治療が確立してきているが、診断・治療法の進歩にも関わらず、数十年の間、5年生存率に大きな
改善はみられていない。近年、他領域ではあるが一部のtRNA修飾において子宮頸癌細胞と抗癌剤感受性との関連
性に関する報告やグリオーマ幹細胞の性質維持との関連に関する報告など新たな知見が示されている。一方で
OSCCとtRNA修飾との関連については未解明なままであり、新たな知見を得ることは長期間改善のみられないOSCC
の治療成績向上の一助になり得ることが期待される。

※科研費による研究は、研究者の自覚と責任において実施するものです。そのため、研究の実施や研究成果の公表等に
ついては、国の要請等に基づくものではなく、その研究成果に関する見解や責任は、研究者個人に帰属します。
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１．研究開始当初の背景 
口腔癌は全頭頸部癌の約 40%を占める癌であり、その 80%以上を口腔扁平上皮癌（Oral 
squamous cell carcinoma: OSCC）が占めている。近年、免疫療法も含めた集学的治療が確立し
てきているが、診断・治療法の進歩にも関わらず、数十年の間、5年生存率に大きな改善はみら
れていない（Siegel et al. CA Cancer J Clin. 2012）。その原因として、高転移能、治療抵抗性な
ど腫瘍制御の障壁となる悪性形質をもつ腫瘍細胞が存在していることが挙げられる（Hanahan 
& Weinberg. Cell 2011）。Transfer RNA（tRNA）は 73-93塩基の小さな RNAであり、34-36
位の塩基はアンチコドンと 呼ばれ、DNAから転写されたmessenger RNA（mRNA）のコドン
配列を認識し結合させることで対応するアミノ酸を運搬し、タンパク質を生成する。tRNAは多
彩な翻訳後修飾を受けることが明らかになっており、これまでに 100 種類以上の修飾が原核生
物及び真核生物の tRNAの塩基に見出されている（Machnicka et al. Nucleic Acids Res. 2013）。
tRNA修飾は特にアンチコドン内及びその近傍に多く見られ、迅速かつ正確なタンパク質翻訳に
寄与していることが示唆されている。中でもイオウを含む修飾は翻訳の質およびその下流の細
胞機能に重要であり、同修飾の破綻が糖尿病やミトコンドリア病発症に関与することをこれま
でに申請者らは明らかにした（Wei et al. J. Clin. Invest. 2011, Wei, Takahashi et al. Cell Metab. 
2015, Takahashi et al. Nucleic Acids Res. 2017）（図 1）。また、他領域ではあるが一部の tRNA
修飾において子宮頸癌細胞と抗癌剤感受性との関連性に関する報告（Okamoto et al. PLOS Gen. 
2014）やグリオーマ幹細胞の性質維持との関連に関する報告（Yamamoto et al. iScience. 2019）
など新たな知見が示されている。一方で OSCCと tRNA修飾との関連については未解明なまま
であり、新たな知見を得ることは長期間改善のみられない OSCC の治療成績向上の一助になり
得ることが期待される。 
 
２．研究の目的 
本研究の目的は治療抵抗性 OSCC において mt-tRNA の i6A がチオメチル化修飾を受けること
による影響を明らかにし、治療抵抗性 OSCC に対する新規治療を創出することである。申請者
らは過去の論文に mt-tRNA のチオメチル化修飾によって、ATP 産生やタンパク合成が制御さ
れることを報告しており（Wei, Takahashi et al. Cell Metab. 2015）、先述したように OSCC 臨
床検体や抗癌剤耐性細胞株において ms2i6A が増加していることを考慮すると、mt-tRNA のチ
オメチル化修飾が OSCC の悪性形質獲得や治療抵抗性等に影響を及ぼしている可能性は十分に
考えられる。また、大変興味深いことに i6Aには抗腫瘍効果があることが知られており（Laezza 
et al. FEBS J. 2007, Rajabi et al. DNA Cell Biol. 2010, Castiglioni et al. Anticancer Agents 
Med. 2013）、CDK5RAP1 を欠失させることにより i6A が増加しグリオーマ幹細胞の自己複製
能力、腫瘍形成能を抑制できることが報告されている（Yamamoto et al. iScience. 2019）。OSCC
においてもmt-tRNAの i6Aがチオメチル化修飾を受けることにより i6Aによる抗腫瘍効果が抑
制され、治療抵抗性を獲得している可能性は十分に考えられる。現在まで OSCCにおける tRNA
修飾を標的とした研究は皆無であり、この研究は従来と全く違ったアプローチで OSCC と向き
合う新しい試みであり、これらが証明されれば早期診断や新規治療、個別化治療の創出の一助と
なり得ることが大いに期待できると考える。 
 
３．研究の方法 
【1. OSCCにおける tRNAチオメチル化修飾の臨床的意義の解明】 
 OSCC 患者 60 名より得られた組織検体（腫瘍及び周囲正常組織）を用いて i6A、ms2i6A を測定
し、患者ごとのそれらの値と腫瘍サイズ、分化度、転移の有無、放射線・化学療法に対する感受
性、無病生存期間などの臨床データと統計学的な解析を行う。 
 
【2. mt-tRNAのイソペンテニル化修飾、チオメチル化修飾が口腔癌細胞株に与える影響の解明】 
5-FU耐性細胞株を用いて mt-tRNAチオメチル化修飾酵素である CDK5RAP1を siRNAを用いて抑制
し、意図的に i6Aから ms2i6A への修飾を阻害した状態での増殖能、抗癌剤感受性を評価する。ま
た、ミトコンドリアの機能障害を評価するため、ミトコンドリアタンパクの発現等も測定する。 
 
【3. mt-tRNA修飾の制御及び新たな治療戦略の開発】 
OSCC が mt-tRNA の i6A をチオメチル化修飾することによって治療抵抗性を獲得しているのであ
れば、同修飾を制御することにより新たな治療戦略の足がかりとなることが期待できる。治療抵
抗性が抗腫瘍効果を持つ i6Aの減少により引き起こされているのであれば、外部より i6Aを投
与することにより治療感受性の向上が見込まれる。また、CDK5RAP1 を抑制することによって、
治療抵抗性の減弱を図る。 
 
 
 



 
４．研究成果 
①口腔癌細胞株 SAS および 5-FU 耐性株 FR2-SAS 細胞を用いて 5-FU に対する感受性の確認を行
った。SASにおいては 5μMの 5-FUにおいても細胞増殖が抑制されている（図 1）一方で、FR2-
SASにおいては 15μMでも細胞の増殖を認めた（図 2）。  

       図 1             図 2 
 
 
②SASおよび FR2-SASにおいて ms2i6A修飾酵素である CDK5RAP1を抑制したところ、5-FUを投与
した際の生細胞数の減少、死細胞数の割合の増加が確認された（図 3）。また、同様に過去に 樹
立された 5FU 耐性口腔扁平上皮癌細胞株 FR2-SASを用いて CDK5RAP1を抑制したが、SASと比較
すると 5FUの効果上昇はわずかであった（図 4）。  
 

       図 3                 図 4 
 
 
③CDK5RAP1を抑制した SASおよび FR2-SASにおいて、ミトコンドリア呼吸鎖複合体のタンパク

量減少を認め、ミトコンドリア機能の低下が疑われた（図 5）。さらに、SAS においてリン酸化

JNKやカスパーゼ 3の増加も見られ、アポトーシスを誘導していることが疑われた（図 6）。  

 

       図 5                      図 6 

 

 

④i6Aには抗腫瘍効果が存在することが知られており、SAS（図 7）および FR2-SAS（図 8）に i6A

を投与することによって増殖能の減少を確認した。また、FR2-SASにおいてそれはより顕著であ

った。また、トリパンブルー染色を用いて生細胞と死細胞を測定したところ。i6Aを投与するこ

とにより濃度依存的に細胞死を誘導していることが示された（図 9，10）。  
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Results

1. Quantitative analysis of tRNA modifications by mass spectrometry 
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2. Statistical analysis about clinical charactarics

2-methylthio modification of mitochondrial tRNA
contributes to anticancer drug resistance in oral 
squamous cell carcinoma
�Nozomu Takahashi1,2,3, Maya Yakita1,2, Mayumi Hirayama1,2, Hideki Nakayama1

1. Department of Oral & Maxillofacial Surgery, Faculty of Life Sciences, Kumamoto University
2. Department of Molecular Phisiology, Faculty of Life Sciences, Kumamoto University
3. Department of Oral & Maxillofacial Surgery , Kinan Hopital

Background

� The prognosis of oral squamous cell carcinoma (OSCC) remains poor, and a 5-year survival 
rate is not improved for several decades.

� Transfer RNAs (tRNAs) contain a wide variety of post-transcriptional modifications that are 
important for accurate decoding. Several tRNA modifications affect the cancer malignancy.

� The 2-methylthio (ms2) modification is an evolutionarily conserved modification found at 
position 37 of tRNAs.

� Cdk5 regulatory subunit-associated protein 1 (CDK5RAP1) is responsible for ms2

modifications (ms2i6A) of mammalian mt-tRNAs. 

� The ms2 modifications optimize mitochondrial translation and OXPHOS activity, and those 
deletion contribute to Myopathy in mice an human.

Material and Methods
�tRNA modifications were analyzed cyclopaedically by mass spectrometry using the tumor 
tissue and normal tissue from OSCC patients.
�To establish 5-FU-resistant cell lines (SAS-R), the human OSCC cell lines, SAS cells were 
continuously exposed to increasing concentrations of 5-FU over 2 years.
�SAS and SAS-R cells were treated with control siRNA (siCont) and CDK5RAP1 siRNA 
(siCDK5RAP1) for 48 hours.
�A two-tailed P-value of 0.05 was considered significant. 

4. Characteristics of SAS-R cells

SAS SAS-R

siCont

siCdk5rap1

5-FU 1µg/ml

Wei FY, Takahashi N et al. Cell Metab. 2015Pereira M et al. Int J Mol Sci. 2018

Discussion

Conclusion

These results suggest that 2-methylthio modification of mitochondrial tRNA
may be a novel therapeutic target in 5-FU-resistant of OSCC.

5. Effect of CDK5RAP1 knockdown on 5-FU sensitibity
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3. Knockdown of CDK5RAP1 in the SAS cells
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(A) Cyclopedic analysis of RNA modifications in the tumor tissue and normal tissue from OSCC patients by 
using Liquid Chromatography / Mass Spectrometry (LC/MS/MS). (B) Representative mass chromatograms of 
ms2i6A modification in the clinical tissue. (C) Comparison between ms2i6A modification of normal tissue and 
tumor tissue. The ms2i6A modification  in the tumor tissues increased clearly compared to that in the normal 
tissues of clinical samples.

(A) The efficiency of siRNA against CDK5RAP1 (siCDK5RAP1) in SAS cells. (B) Representative mass 
chromatograms of ms2i6A modification in the SAS cells treated with control siRNA (siCont) and siCDK5RAP1. 
(C) Comparison about MT-COI protein of SAS cells treated siCont and siCDK5RAP1. (D) Cell proliferation 
activities of SAS cells treated with siCont and siCDK5RAP1. 

(A) Cytotoxic effects of 5-FU in the SAS and SAS-R cells. (B) Comparison between ms2i6A modification 
of SAS and SAS-R. Ms2i6A in the SAS-R cells increased obviously compared to that in the SAS cells.

**

(A) Microscopic image of SAS and SAS-R cells treated with siCont or siCDK5RAP1 and 1µg/ml 5-FU for 72 
hours. (B) Cytotoxic effects of 5-FU in the SAS and SAS-R cells treated with siCont or siCDK5RAP1. 
Inhibition of the ms2i6A modification caused decreasing 5-FU resistance.
(C and D) Time course of the cytotoxic effects of 5-FU in the SAS cells treated with siCont or siCDK5RAP1.
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6. Effect of CDK5RAP1 knockdown on mitochondrial function and 
apoptosis related proteins
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(A) Mitochondrial respiratory subunits in the SAS and SAS-R cells treated siCont or siCDK5RAP1 were 
subjected to western blot analysis. CI, CII and CIII protein ware impaired in the CDK5RAP1 deficiency 
cells. (B) CDK5RAP1 deficiency upregulates phospho-c-Jun N-terminal kinase (p-JNK) and caspase-3.
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The ms2 modification in the SAS-R cells increased obviously compared 
to that in the SAS cells. Therefore, if it is possible to control the ms2i6A 
modification , there is a possibility of increasing 5-FU sensitivity in the 
OSCC patients. 
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modification and cervical lymph node metastasis.

SAS FR2-SAS

Results

1. Quantitative analysis of tRNA modifications by mass spectrometry 

0 1 2 3 4
0

1

2

3

4

cT Classification

R
el

at
iv

e 
m

s2 i6 A
 M

od
ifi

ca
tio

n 

r = 0.69
P = 0.0019

- +
0

5

10

15

R
el

at
iv

e 
m

s2 i6 A
 M

od
ifi

ca
tio

n 

Metastasis

p=0.06

Lymph Node Metastasis

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

Y D U C G
m

3C
m

5C Gm Um m
7G

m
1G

m
2G

m
3U

m
5U

ac
4C

I
m

2,
 2

G
m

1A
m

6A m
1I Cm
A

t6
A

m
cm

5s
2U Am

m
s2

t6
A

m
62

A
i6

A
m

s2
i6

A

Normal Tumor

Re
la

tiv
e 

m
od

ifi
ca

tio
n 

le
ve

l

2. Statistical analysis about clinical charactarics

2-methylthio modification of mitochondrial tRNA
contributes to anticancer drug resistance in oral 
squamous cell carcinoma
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Background

� The prognosis of oral squamous cell carcinoma (OSCC) remains poor, and a 5-year survival 
rate is not improved for several decades.

� Transfer RNAs (tRNAs) contain a wide variety of post-transcriptional modifications that are 
important for accurate decoding. Several tRNA modifications affect the cancer malignancy.

� The 2-methylthio (ms2) modification is an evolutionarily conserved modification found at 
position 37 of tRNAs.

� Cdk5 regulatory subunit-associated protein 1 (CDK5RAP1) is responsible for ms2

modifications (ms2i6A) of mammalian mt-tRNAs. 

� The ms2 modifications optimize mitochondrial translation and OXPHOS activity, and those 
deletion contribute to Myopathy in mice an human.

Material and Methods
�tRNA modifications were analyzed cyclopaedically by mass spectrometry using the tumor 
tissue and normal tissue from OSCC patients.
�To establish 5-FU-resistant cell lines (SAS-R), the human OSCC cell lines, SAS cells were 
continuously exposed to increasing concentrations of 5-FU over 2 years.
�SAS and SAS-R cells were treated with control siRNA (siCont) and CDK5RAP1 siRNA 
(siCDK5RAP1) for 48 hours.
�A two-tailed P-value of 0.05 was considered significant. 

4. Characteristics of SAS-R cells

SAS SAS-R

siCont

siCdk5rap1

5-FU 1µg/ml

Wei FY, Takahashi N et al. Cell Metab. 2015Pereira M et al. Int J Mol Sci. 2018

Discussion

Conclusion

These results suggest that 2-methylthio modification of mitochondrial tRNA
may be a novel therapeutic target in 5-FU-resistant of OSCC.

5. Effect of CDK5RAP1 knockdown on 5-FU sensitibity
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3. Knockdown of CDK5RAP1 in the SAS cells
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(A) Cyclopedic analysis of RNA modifications in the tumor tissue and normal tissue from OSCC patients by 
using Liquid Chromatography / Mass Spectrometry (LC/MS/MS). (B) Representative mass chromatograms of 
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(A) Microscopic image of SAS and SAS-R cells treated with siCont or siCDK5RAP1 and 1µg/ml 5-FU for 72 
hours. (B) Cytotoxic effects of 5-FU in the SAS and SAS-R cells treated with siCont or siCDK5RAP1. 
Inhibition of the ms2i6A modification caused decreasing 5-FU resistance.
(C and D) Time course of the cytotoxic effects of 5-FU in the SAS cells treated with siCont or siCDK5RAP1.
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6. Effect of CDK5RAP1 knockdown on mitochondrial function and 
apoptosis related proteins
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cells. (B) CDK5RAP1 deficiency upregulates phospho-c-Jun N-terminal kinase (p-JNK) and caspase-3.
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The ms2 modification in the SAS-R cells increased obviously compared 
to that in the SAS cells. Therefore, if it is possible to control the ms2i6A 
modification , there is a possibility of increasing 5-FU sensitivity in the 
OSCC patients. 
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以上の結果より、i6Aは口腔癌細胞を細胞死へと導くことが示唆され、CDK5RAP1を抑制すること

により、細胞内で i6Aから ms2i6A への変化が減少して i6Aが増加するため、外部から i6Aを投与

したのと同様に細胞死へと誘導されることが示唆された。これらの mt-tRNA 修飾に着目するこ

とで口腔癌の新たな治療戦略になり得ることが期待された。 
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FIGURE 3. i6A-induced cell death of 5-FU-resistant oral cancer cell line FR2-SAS. (A) Cell growth time course experiment upon addition of 0, 2, 5,
or 10 µM i6A in cell culture medium for indicated number of hours. Cell growth was quantified by performing WST assay and measuring absor-
bance at 450 nm. The values shown as the relative levels versus the mean of 0 µM i6A 0 h cells. Mean±SEM from n=8 biological replicates. (B,C )
Cell growth of SAS cells (B) and FR2-SAS cells (C ) after 48 h incubation with indicated concentrations of 5-FU and/or i6A in themedium, quantified
by performing WST assay and measuring absorbance at 450 nm, and the values shown as the relative levels versus the mean of 0 h, 0 µM cells.
Mean± s.e.m. from n=8 biological replicates. (D) Microscopic images of SAS cells and FR2-SAS cells after 48 h incubation with indicated con-
centration of i6A in the medium. SAS cells were seeded at two densities, that is, at the same density as FR2-SAS cells (top panels) and at lower
density (middle panels). Scale bar, 50 µm. (E,F ) Cell numbers (left) and percentages (right) of alive (blue) and dead (red) SAS cells (E) and FR2-SAS
cells (F ) after 48 h incubation with indicated concentrations of i6A in the medium. SAS cells were seeded at two densities, that is, at the same
density as FR2-SAS cells (E, upper graphs) and at lower density (E, lower graphs). Alive and dead cells were counted using trypan blue and a
cell counting device. Mean±SEM from n=4 biological replicates. (∗∗∗) P<0.001, (∗∗) P<0.01, (∗) P<0.05 by Mann–Whitney test.
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i6A suppresses cell growth
of SAS cells

Several groups previously showed
that N6-isopentenyladenosine (i6A,
Fig. 2A) added to cell culture medium
is cytotoxic to various cancer cell lines,
such as colon, bladder, and glioma
(Laezza et al. 2009; Castiglioni et al.
2013; Ciaglia et al. 2017), prompting
us to investigate if i6A is cytotoxic to
the OSCC cell lines SAS and FR2-
SAS. The addition of 2 µM i6A into
the cell culture medium decreased
SAS cell growth, and addition of 5 or
10 µM i6A further suppressed SAS
cell growth (Fig. 2B,C). In SAS cells,
using either 5 µM i6A alone, 10 µM
5-FU alone, or both 5 µM i6A and 10
µM 5-FU, caused similar levels of cell
growth arrest (Fig. 2D,E), showing
that the use of i6A alone or 5-FU alone
is sufficient to exert a similar effect on
cell growth suppression in the OSCC
cell line SAS.

Susceptibility of FR2-SAS cells
to cell death upon i6A addition
compared to SAS cells

To assess the effects of i6A on 5-FU-re-
sistant FR2-SAS cells, i6A was added to the cell culture me-
diumof FR2-SAS cells and cell viability monitored (Fig. 3A).
Surprisingly, the growth of FR2-SAS was completely
stopped by the addition of 2 µM i6A (Fig. 3A). In compari-
son, SAS cells to which 2 µM i6A was added only partially
suppressed cell growth (Fig. 2B). Addition of both 5-FU
and i6A showed a limited degree of synergistic effect on
FR2-SAS cell growth (Fig. 3B,C), showing that use of i6A
alone is sufficient for cytotoxicity against FR2-SAS cells.

Since FR2-SAS cells were more sensitive to i6A than SAS
cells,wemonitored theeffectof i6A fromsmaller concentra-
tions by incubating SAS cells and FR2-SAS cells in medium
containing 0, 1, 2, and 4 µM i6A. We then collected nonad-
herent and adherent cells and distinguished between and
counted alive and dead cells using trypan blue staining.
SAS cells towhich 0, 1, 2, and 4µM i6Awere applied started
todieonly upon4µM i6Aaddition andonlywhen theywere
seeded at lower cell density (Fig. 3D, upper and middle
panels and Fig. 3E). Conversely, 1 µM i6A significantly de-
creasedFR2-SAS cell number, and 2or 4 µM i6A caused fur-
ther cell death in FR2-SAS cells (Fig. 3D, lower panels and
Fig. 3F). Evenwhen FR2-SAS cells were cultured at a higher
cell density than SAS cells, FR2-SAS cells were more prone
to cell death than SAS cells (Fig. 3E, lower graph and

Fig. 3F). Therefore, although FR2-SAS cells are resistant
to 5-FU, i6A effectively causes cell death in FR2-SAS cells.

i6A addition to the medium causes incorporation
of i6A into cellular RNAs

Although i6A has been reported to be cytotoxic to several
cancer cell lines, the molecular fate and direct molecular
function(s) of i6A have been unknown. Considering that
5-FU in the medium is taken into the cells, anabolized
and incorporated into RNA, we hypothesized that i6A in
the medium might incorporate into RNA. To investigate
this idea, we incubated SAS and FR2-SAS cells in i6A-con-
taining medium, collected total cellular RNA, and subject-
ed the samples to RNA digestion and LC-MS analysis. In
accordance with our hypothesis, upon i6A addition to the
medium, the amount of i6A contained in the total cellular
RNA increased four- to fivefold in both SAS and FR2-SAS
cells (“Total RNA” in Fig. 4A; Supplemental Fig. 2).

To investigate whether i6A is widely incorporated into
various RNA species or specifically incorporated into spe-
cific RNA species, we used gel fractionation to collect frac-
tions of tRNA, 18S ribosomal RNA (rRNA), and 28S rRNA.
N6-threonylcarbamoyladenosine (t6A), 2-methylthio-i6A
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D

FIGURE2. i6A-induced cell growth suppression of oral cancer cell line SAS. (A) Chemical struc-
ture of N6-isopentenyladenosine (i6A). The position numbers are indicated in blue. (B) Cell
growth time course experiment upon addition of 0, 2, 5, or 10 µM i6A in cell culture medium
for indicated hours. Cell growth was quantified by performing WST assay and measuring ab-
sorbance at 450 nm. The values are shown as the relative levels versus the mean of 0 µM
i6A 0 h cells. Mean±SEM from n=8 biological replicates. (C ) Microscopic images of SAS cells
after 48 h incubation with indicated concentration of i6A in the medium. Scale bar, 50 µm.
(D) Microscopic images of SAS cells after 48 h incubation with indicated concentration of 5-
FU and/or i6A in the medium. Scale bar, 50 µm. (E) Cell numbers of alive (blue) and dead
(red) cells after 48 h incubationwith indicated concentrations of 5-FU and/or i6A in themedium.
Alive and dead cells were counted using trypan blue and a cell counting device. Mean±SEM
from n=4 biological replicates. (∗∗∗) P<0.001, (∗) P<0.05 by Mann–Whitney test.
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