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研究成果の概要（和文）：Long non-coding RNA のLINC00460は肺癌において腫瘍の上皮間葉移行、運動能の促
進との関連性が報告されており、我々はEGFR遺伝子変異陽性肺癌患者から得られた54サンプル(30例の腫瘍組織
から抽出したRNAと24例の血漿遊離RNA）におけるLINC00460発現を評価した。腫瘍組織が抽出した30例や血漿細
胞遊離 RNA から抽出した24例を検討したところ、LINC00460の発現は臨床ステージと有意に相関していなく、
LINC00460の高発現群は低発現群と比較してオシメルチニブの治療効果が低く予後も短い傾向が認められた。

研究成果の概要（英文）：Long non-coding RNA LINC00460 has been reported to be associated with 
epithelial-mesenchymal transition and promotion of tumor motility in lung cancer, and we evaluated 
LINC00460 expression in 54 samples (RNA extracted from tumor tissues in 30 cases and plasma-free RNA
 in 24 cases) obtained from lung cancer patients with EGFR mutation. In examining 30 cases from 
which tumor tissues were extracted and 24 cases from which plasma cell-free RNA was extracted, we 
found that LINC00460 expression was not significantly correlated with clinical stage, and that 
patients with high LINC00460 expression tended to have a lower therapeutic effect of osimertinib and
 a shorter prognosis compared to those with low LINC00460 expression.

研究分野：呼吸器内科

キーワード： 原発生肺癌　EGFR遺伝子変異　long non-coding RNA　LINC00460
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令和

研究成果の学術的意義や社会的意義
本研究により、EGFR遺伝子変異陽性肺癌患者のLINC00460の発現亢進は、オシメルチニブで治療された患者の予
後不良因子であることが確認された。これらの研究は血液検体や腫瘍組織を用いた確実なサンプリングに基づい
た個別化治療のシステム構築に寄与し、LINC00460の有無を層別化因子とした原発性肺癌の個別化治療法の確立
に大きく貢献するものと考えられる。

※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 

(1) 近年、従来転写のノイズとして考えられていた、タンパク質をコードしない長い RNA 

(long non-coding RNA: lncRNA) が、腫瘍の進行および転移に関与する重要な調節因子と

して注目されるようになった。一般に、長さが 200 塩基を超えるものが lncRNA として分

類される 1,2。しかしながら、microRNA や siRNA のような small non-coding RNA は基礎か

ら臨床応用に至るまで幅広く研究が進められているのに対して、lncRNA に関する研究は未

だ途に就いたばかりであり、特に、非小細胞肺癌における lncRNA の役割は現在において

もほとんど解明されていない。 

 

(2) EGFR がもたらす異常なシグナルは、細胞の増殖、転移、血管新生、アポトーシスの抑制な

どを引き起こし、癌の悪性化と密接に関与することが知られている。しかしながら、この

ような変異を有する EGFR がもたらす下流のシグナルへの影響は未だ不明な点が多く残さ

れている。LINC00460 は肺癌において腫瘍の上皮間葉移行、運動能の促進との関連性が報

告されている 3。 

 

(3) 米国国立がん研究所(NCI)による大型がんゲノムプロジェクトである The Cancer Genome 

Atlas (TCGA)により公開されている非小細胞肺癌のトランスクリトーム情報 (n=500)によ

ると lncRNA00460 が高発現した肺癌は低発現のものに比較して全生存期間が有意に不良で

あった（p=0.029）。さらに、この lncRNA00460 は腺癌で有意に発現上昇を認め、EGFR遺伝

子変異陽性例で有意に発現上昇が認められた。さらに、肺癌細胞株(A549, H1299, PC-9, 

H4006, H1975)に、qRT-PCR を用いて lncRNA の発現量を定量した。結果、細胞株肺癌細胞

株(A549, H1299, PC-9, H4006, H1975)は野生型の肺癌細胞株と比較して lncRNA の発現は

有意に亢進していた(p < 0.001)。EGF による lncRNA00460 の発現量の変化を調べたとこ

ろ、EGFR が活性化された場合にも発現誘導されることがわかった。また、lncRNA00460 を

ノックアウトした細胞株では、野生型の細胞株に比べて gefitinibの感受性が増大するこ

とがわかった 4 

 

(4) また、LINC00460 が miR-539や miR-769-5pなどの competing endogenous RNA として機

能し、PI3KCA/AKT シグナル伝達経路を阻害することで EGFR-TKI の耐性を誘導することが

報告されている 5,6。この PI3K/AKT シグナル伝達経路の異常は、オシメルチニブの初回治

療における耐性機序の約 7%、2次治療における耐性機序の約 4-11%を占めることが報告さ

れている 5。  

 
２． 研究の目的 

(1) 本研究は、lncRNA00460 の診断方法や治療方法が臨床応用に展開するための基盤となる研究

を行う。非小細胞肺癌の手術検体を用いて、腫瘍組織および正常組織での lncRNA00460 発

現量と臨床情報 (組織型や臨床病期、EGFR遺伝子変異の有無)および EGFR-TKI の客観的奏

効率や無増悪生存期間（PFS）との相関性を検討する 

 

(2) EGFR 感受性変異および EGFR-TKI 耐性遺伝子（T790M、C797S）を持つ肺癌組織における 

lncRNA00460 の発現量を比較検討する。 



 

(3) EGFR遺伝子変異陽性非小細胞肺癌の血液検体における循環腫瘍細胞（CTC）や血漿遊離 DNA

（cfDNA）中の lncRNA00460 の発現量を検討する。 

 

(4) EGFR遺伝子変異陽性非小細胞肺癌における CTC や cfDNA中の lncRNA00460 と予後予測因子

を検討する。 

 
３． 研究の方法 

(1) EGFR遺伝子変異陽性および陰性の原発性肺癌の手術検体からそれぞれ 50例を選択し、腫

瘍を含む部分と含まない部分のブロックを作成する。腫瘍を含む部分と含まない部分のブ

ロックを RNA 用検体（10μm、3〜4片/1 tube）の lncRNA00460 のプライマーを用いて、

RNA 用検体を PCR法で lncRNA00460 を同定し、半定量化する。 

 

(2) 全血 10ml より血球成分のみを抽出し、CTC濃縮器（ClearCell ® FX system）をラベルフ

リーの CTC を採取する。また CTC数のカウントを行う。QIAamp DNA Micro Kit にて DNA

を、RNeasy Micro Kit にて lncRNA00460 を抽出する。 

 

(3) 血球成分を除去した全血 10 mL中から QIAamp circulating nucleic acid kit を用いて

mRNA及び cfDNA を抽出する。 

 

(4) 抽出した mRNA から lncRNA00460, BIM、PD-L1, HER2, MET, VEGFRA, PUMA, EGFR, BIM-

EL,L,Sを Real-time PCR法を用いて発現を検証する相対定量を実施する。KCL22 細胞株、

HCC827細胞株を calibrator として相対定量値を算出する。 

 

(5) 抽出した DNA からは EGFR感受性変異、T790Mは Cobas EGFR mutation test ver.2 で、C797S

は Direct Sequence法で検出する。 

 

(6) 以上より得られた結果を総括後、統計学的な解析を行う。 

 
４． 研究成果 

(1) 我々は、EGFR 遺伝子変異陽性非小細胞肺癌の細胞株(PC9 細胞株)にに対し、オシメルチニ

ブを長期間暴露することでオシメルチニブ耐性株を樹立した。オシメルチニブ耐性の獲得

により、NSCLC 細胞株における LINC00460 の発現が増加した。 対照的に、低分子干渉

RNA(siRNA)をトランスフェクションによる LINC00460 のノックダウンはオシメルチニブに

対する感受性を増加させた

が、In Vitro 転写合成

(IVT)したLINC00460をトラ

ンスフェクションで導入す

る と NSCLC 細 胞 株

（PC9,H1975）はオシメルチ

ニブに対する感受性が低下

した(図１)。 
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LINC00460 expression (n=12) (median PFS: 655 days vs. 
210 days, P=0.020, respectively) (Fig. 5).

In addition, we examined the expression of LINC00460 
across different stages of LC in our cohort of 30 tissue cases 
and 24 plasma cell-free RNA cases. Our analysis revealed 
no statistically significant differences in the expression 
levels of LINC00460 between the subgroups within each 
group. Specifically, for the 30 tissue cases, we found no 
significant differences in LINC00460 expression levels when 
comparing stage III, IV, and surgical recurrence (Fig. 6A, 
P=0.57). Similarly, for the 24 plasma cell-free RNA cases, 
LINC00460 expression levels showed no significant varia-
tion between the stage IV and surgical recurrence subgroups 
(Fig. 6B, P=0.25). This result suggests that LINC00460 
expression was not significantly correlated with clinical stage 
in our sample of EGFR-mutant NSCLC patients treated with 
osimertinib.

Discussion

The molecular mechanisms of cancer growth and drug resis-
tance are still poorly understood. Therefore, it is challenging 
to identify effective predictive markers other than drug target 
molecules and their expression levels. However, effective 

predictive markers are often found in clinical retrospective 
analyses.

Researchers have recently shown interest in non-protein-
coding RNAs. In our previous study, based on the analysis 
of publicly available databases of transcriptome data, we 
identified an lncRNA, LINC00460. In addition, we obtained 
the clinical stage information of lung cancer patients and 
their corresponding LINC00460 expression levels (FPKM) 
from RNA-seq datasets. We then compared the expression 
levels of LINC00460 across different clinical stages. The 
results demonstrated a tendency for LINC00460 expression 
levels to increase as the clinical stage advanced. Notably, the 
expression levels of LINC00460 were significantly higher 
in stage III patients compared with stage I patients whose 
LINC00460 expression was significantly upregulated in lung 
tumor tissues with EGFR mutations compared with adjacent 
normal tissues.

We also found that the expression of LINC00460 was 
upregulated in lung cancer cell lines with EGFR-activating 
mutations. Furthermore, EGFR activation by EGF treatment 
also caused an increase in LINC00460 expression, whereas 
EGFR inactivation by gefitinib significantly attenuated 
LINC00460 expression levels. Thus, the overexpression of 
LINC00460 was associated with abnormal EGFR activation. 

Figure 3. Effects of treatment with LINC00460 on osimertinib resistance in NSCLC cell lines. (A) Schematic of transfection with in vitro-transcribed (IVT) 
synthetic LINC00460 RNA molecules. (B) Relative expression levels of LINC00460 in NSCLC cells following treatment with synthetic LINC00460. The 
results of RT-qPCR are presented as the means ± SEM (n=3). GAPDH mRNA was used as an internal control. (C) Sensitivity to osimertinib in parental NSCLC 
cells following transfection with LINC00460 molecules. Each point is expressed as a percentage of the viable cells relative to the untreated controls (n=3, error 
bar represents SEM). (D) The bar graph shows the IC50 values of osimertinib for parental NSCLC cells following treatment with LINC00460 (n=3, error bar 
represents SEM). ***P<0.001, **P<0.01 and *P<0.05 using the Welch's t-test. NSCLC, non-small cell lung cancer; IVT, in vitro transcription; T7, T7 promoter; 
SEM, standard error of the mean.

図１



 

(2) さらに、我々は EGFR 遺伝子変異陽性肺癌患者から得られた 54 サンプル(30 例の腫瘍組織

から抽出した RNA と 24例の血漿 free-RNA）における LINC00460発現を評価した。腫瘍組織

が抽出した 30例の stage III、IV、および術後再発の LINC00460 発現レベルを比較したと

ころ、有意差は認めなかった(図 2A)。同様に、血漿細胞遊離 RNA から抽出した 24例では、

LINC00460 発現レベルは stage IVと術後再発症例の間で有意差は認めなかった(図 2B)。

この結果は、オシメルチニブで治療された EGFR遺伝子変異陽性肺癌患者のサンプルでは、

LINC00460発現が臨床ステージと有意に相関していないことが示唆された。 

 

図 2 

 

(3) 本研究では、原発巣における LINC00460 の低発現群(n=24)と比較して、高発現群(n=6)のオ

シメルチニブに対する奏効率が有意に低く(16.6% vs. 60.0%; P=0.044)、無増悪生存期間

(PFS)中央値(224日 vs. 669 日; P=0.001）が有意に短く、全生存期間中央値も有意に短か

った(724日 vs. 未到達; P=0.011)(図 3)。  

 

図 3 

 

 

 

(4) 血漿 free-RNA で LINC00460 高発現の患者 (n=12) の PFS は、低発現の患者 (n=12) よ
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so, we could provide a more conclusive understanding of the 
association between LINC00460 expression and osimertinib 
resistance, as well as the clinical significance of monitoring 
plasma LINC00460 levels.

In conclusion, our findings suggest that LINC00460 
expression is associated with a poor response to osimer-
tinib, and its overexpression in the primary site of EGFR 
mutation-positive lung cancer might be an indicator of poor 
prognosis in patients treated with osimertinib. The high 
expression of LINC00460 based on liquid biopsy might be a 
predictive marker of poor osimertinib responses in patients 
with EGFR-mutated lung cancer. Thus, understanding the 
significance of LINC00460 may have important implications 
when considering it as a molecular target for pharmaceu-
ticals, and as a diagnostic and prognostic indicator for 
EGFR-TKIs. Recent advancements in nucleic acid biomarker 
detection technologies, preclinical and clinical development 
of RNA-targeted drugs, and drug delivery systems have 
significantly enhanced the drug and diagnostic development 
process (24-26). Thus, it seems natural to conclude that this 
discovery may lead to the development of precision therapy 
for EGFR-mutant lung cancer.
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Figure 6. LINC00460 expression across the different clinical stage in patients with EGFR-mutant NSCLC treated with osimertinib. (A) The expression levels 
of LINC00460 between the sub‑groups (stage III vs. IV vs. surgical recurrence) in 30 tissue cases were not significantly different (P=0.57). (B) The expression 
levels of LINC00460 between the sub‑groups (IV vs. surgical recurrence) in 24 plasma cell‑free RNA cases were not significantly different (P=0.26). EGFR, 
epidermal growth factor receptor; NSCLC, non-small cell lung cancer.
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Moreover, we found a correlation between LINC00460 and 
lung cancer progression, as well as mechanisms of poor efficacy 
and resistance to EGFR-TKIs, by regulating the miR-149-5p/

IL-6 signaling pathway axis, thereby promoting an EMT-like 
phenotype (20). It is known that EMT regulates the metastatic 
potential of cancer and EGFR-TKI resistance (20). The main 

Figure 4. LINC00460 expression in primary site predicts shorter PFS and OS in patients with EGFR-mutant NSCLC treated with osimertinib. The expression 
level of LINC00460 in patients with EGFR-mutant lung adenocarcinoma was categorized as low or high, based on a cut-off value determined by the Youden 
Index from ROC curve analysis according to LINC00460 expression of ORR. (A) PFS after osimertinib therapy was significantly shorter for patients with 
high LINC00460 expression in tumors than for those with low tumor expression (median PFS: 224 days vs. 669 days, respectively; P=0.001). (B) OS was 
significantly shorter for patients with high LINC00460 expression in tumors than for those with low tumor expression (median OS: 724 days vs. not reached, 
respectively; P=0.011). PFS, progression-free survival; OS, overall survival; NSCLC, non-small cell lung cancer; EGFR, epidermal growth factor receptor; 
ROC curve; receiver operating characteristic curve; ORR, objective response rate.

Table I. Patient characteristics (n=30).

 High LINC00460 Low LINC00460 
Characteristic expression (n=6) expression (n=24) P-value

Mean ± SEM age, years 63.5±12.5 69.5±12.3 0.47
Sex, male/female 3/3 8/16 0.44
PS, 0/1/2 2/2/2 16/5/3 0.29
Clinical stage, IV/Rec 6/0 15/9 0.67
Smoking history, current/ 0/2/4 1/5/18 0.79
former/never   
EGFR mutation, 19Del/L858R 3/3 15/9 0.73

PS, performance status; EGFR, epidermal growth factor receptor; 19Del, exon 19 deletion; L858R, exon 21 L858R; Rec, recurrence after 
surgical resection.

Table II. Comparison of clinical responses after osimertinib therapy.

 High LINC00460 Low LINC00460 
Clinical response  expression (n=6) expression (n=24) P-value

ORR, % 16.6 60 0.044
DCR, % 83.3 91.6 0.54

ORR, best overall response rate; DCR, disease-control rate.



りも有意に短かった (PFS 中央値: 655 日 vs. 210 日; P=0.020)。以上より、EGFR遺伝

子変異陽性肺癌患者の LINC00460 の発現亢進は、オシメルチニブで治療された患者の予後
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objective of this study was to clarify the clinical significance 
of LINC00460 expression in EGFR mutation-positive lung 
cancer patients treated with osimertinib, a third-generation 
EGFR-TKI. 

In the present study, in vitro-transcribed-LINC00460-
treated NSCLC cell lines harboring mutated EGFR tended to 
be less sensitive to osimertinib than the untreated cell lines. 
Furthermore, the sensitivity of NSCLC cell lines to osimer-
tinib was significantly restored by silencing LINC00460, as 
observed in the cell viability assay. 

Furthermore, we showed that the overexpression of 
LINC00460 in the primary tumors of EGFR mutation-positive 
lung cancer lowered the efficacy of osimertinib. Moreover, the 
low‑LINC00460 expression group had a significantly higher 
ORR to osimertinib than the high-LINC00460 expression 
group (60.0% vs. 16.6%, P=0.044), in addition to signifi-
cantly prolonged PFS and OS (median 669 days vs. 224 days, 
P=0.001; median not reached vs. 724 days, P=0.011). These 
findings suggest a close relationship between the overexpres-
sion of LINC00460 and the therapeutic effects of resistance 
to osimertinib. A more comprehensive understanding of 
LINC00460 is, therefore, of great importance in the develop-
ment of prognostic and diagnostic indicators for EGFR-TKIs 
in patients with EGFR mutation-positive lung cancer and 
to clarify mechanisms involved in tumor pathogenesis and 
osimertinib resistance.

To establish an optimal treatment strategy, it is desirable 
to monitor the condition of the patient's cancer tissues over 
time. However, the development of non-invasive biomarkers 
is highly desirable because it is difficult to perform repeated 

biopsies from patients. One potential method is to diagnose 
the state of cancer tissues from liquid biopsies such as tumor 
cells, DNA, and RNA that leak into the blood circulation. In 
this study, the PFS was significantly shorter in patients with 
a high expression of LINC00460 in plasma cell-free RNA 
(n=12) after osimertinib treatment than in those with a low 
expression of LINC00460 (median PFS: 655 days vs. 210 days, 
P=0.020, respectively). This suggests that the isolation of 
plasma cell-free RNA from blood, followed by the detection 
of LINC00460, might predict treatment responses and prog-
nosis in patients receiving osimertinib therapy. However, the 
clinical significance of LINC00460 in plasma requires further 
investigation.

Interestingly, LINC00460 was detectable in blood and 
tissue samples, although RNA was generally more prone to 
degradation than DNA. Recent analyses of gene expression 
in exosomes suggested that LINC00460 was internalized 
in exosomes secreted by some tumor cells (22). Thus, one 
reason for the stability of LINC00460 in the blood of lung 
cancer patients may be that LINC00460 is enriched in 
exosomes. 

Hellyer et al (23) reported that the L858R mutation was 
associated with a shorter duration of response to EGFR-TKI 
therapy compared with the 19del mutation (23). However, the 
results of our previous study demonstrated that the forced 
expression of the EGFR 19del mutant gene or L858R gene in 
H1299 cells, which have wild-type EGFR genes, increased 
the expression of LINC00460. Nevertheless, there was no 
significant difference in LINC00460 expression levels 
between the two mutations. Furthermore, knocking down 
LINC00460, whose expression was increased by the forced 
expression of the L858R gene, resulted in heightened sensi-
tivity to gefitinib and osimertinib (20). In the cohort of this 
study, the difference in EGFR genotype was not associated 
with LINC00460 expression levels. Therefore, this suggests 
that the expression level of LINC00460 is not directly 
related to the type of active EGFR mutation, such as 19del or 
L858R, but rather to the signaling pathway activated down-
stream of EGFR signaling upon abnormal EGFR activation, 
or to the type and presence of co-mutations. Understanding 
the association of LINC00460 expression with the presence 
of bypass signaling pathways or co-mutations associated 
with EGFR-TKI resistance is a future challenge.

This study had several limitations. First, this was a retro-
spective, single-center study with a small sample size. Although 
we identified differences in the clinical efficacy and survival 
of osimertinib-treated patients with different LINC00460 
expression levels, the number of enrolled patients was too small 
to allow any in-depth discussion of the association between 
LINC00460 expression and the PFS and OS. Therefore, a 
large multicenter study is needed to confirm the validity of our 
results. Second, in the current study, tissue and plasma samples 
were investigated from different populations, so it is unclear 
whether patients with high LINC00460 expression had a high 
expression in the plasma. Further studies should be performed 
to clarify the differential expression of LINC00460 in tissues 
and plasma. We acknowledge that our current study design 
had some limitations, and it would be valuable to examine the 
relationship between tissue and plasma LINC00460 expres-
sion in the same patient population in future studies. By doing 

Figure 5. LINC00460 expression in plasma cell-free RNA is associated with 
shorter PFS in patients with EGFR-mutant NSCLC treated with osimertinib 
therapy. PFS after osimertinib therapy was significantly shorter for patients 
with high LINC00460 expression in tumors than for those with low tumor 
expression (median PFS: 655 days vs. 210 days, respectively; P=0.020). 
LINC00460 expression in patients with EGFR-mutant lung adenocarcinoma 
was classified as low or high based on the median value of LINC00460 
expression as the cutoff. PFS, progression-free survival; EGFR, epidermal 
growth factor receptor; NSCLC, non-small cell lung cancer.
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