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中 文 摘 要 ： Pemetrexed (愛寧達，Alimta)為葉酸拮抗劑抗癌藥物，作用

機轉是分別抑制 glycinamide ribonucleotide 

formyltransferase (GARFT)，dihydrofolate reductase 

(DHFR)與 thymidylate synthase (TS)三個酶，而使其作用

更廣泛。這些酵素蛋白是癌細胞製造合成 DNA 及 RNA 所需

thymidine 及 purine nucleotides 的關鍵步驟，因此可以藉

此作用來殺死癌細胞。愛寧達似乎是對非小細胞肺癌中的非

鱗狀上皮癌(non-squmous types)有較佳的療效，因此被推薦

用來治療非鱗狀上皮類之肺癌。因為其治療肺癌的效果和一

線藥物相同，因此自 2009 年二月起，衛生署已經核准愛寧達

可用於肺腺癌的第一線化療用藥，讓肺癌病患在化療第一時

間就可以選用愛寧達，不必像過去，得等到第一線化療失敗

後才能使用。可是目前對於愛寧達之抗藥性產生之機轉並無

深入的研究，基本上都是以舊一代的單一作用之葉酸拮抗劑

抗癌藥物產生之抗藥性做為論點，這和愛寧達是多重作用之

抗葉酸藥物的本質不符。因此，研究肺癌對愛寧達之抗藥性

產生之機轉就顯得非常需要。 

為此，我們原先提出三年的研究計畫包含下列兩個目標：

壹、建立愛寧達的抗藥性肺腺癌細胞株進行基因體分析，找

出主要的抗藥基因並且使用干擾 RNA 的技術抑制其表現或將

其過度表達來觀察其與抗藥性產生之關聯。貳、探討是否可

以使用臨床使用之化療用藥做為當愛寧達治療抗藥性產生後

時之第二線藥物，並且使用小鼠模式來驗證其可適用性。因

為此計畫只有得到壹年的經費補助 (601,000 元)，因此，我

们與徐士蘭教授進行協同合作來完成可以達成的標的。已經

發表壹篇期刊論文(Pemetrexed induces both intrinsic 

and extrinsic apoptosis through ataxia telangiectasia 

mutated/p53-dependent and -independent signaling 

pathways.) Yang TY, Chang GC, Chen KC, Hung HW, Hsu 

KH, Wu CH, Sheu GT, Hsu SL. Mol Carcinog. 2011 Nov 

15. [Epub ahead of print]. IF: 3.265 (ONCOLOGY 

63/184, 34.2%). 尚有部份數據正在補充，希望可以再發發

表壹篇期刊論文。 

 

中文關鍵詞： 肺腺癌，抗葉酸類抗癌藥，愛寧達，抗藥性 

英 文 摘 要 ： Pemetrexed is a novel multitargeted antifolate that 

inhibits one or several key folate-requiring enzymes 

of the thymidine and purine biosynthetic pathways, in 

particular, thymidylate synthase (TS), dihydrofolate 

reductase (DHFR), and glycinamide ribonucleotide 



formyltransferase (GARFT). Previous studies have 

identified a plethora of mechanisms of antifolate 

resistance frequently associated with alterations in 

influx and/or efflux transporters of (anti)folates as 

well as in folate-dependent enzymes. These include 

inactivating mutations and/or down- regulation of the 

reduced folate carrier (RFC), DHFR, TS and 

folylpolyglutamate synthase (FPGS). Whether all of 

above mentioned alterations would result in 

pemetrexed-resistance is not well demonstrated. 

Therefore, a clear characterization of the mechanisms 

to overcome pemetrexed-resistance is required. 

Originally, we have proposed to characterize the drug 

resistance and reversal of resistance of pemetrexed 

in human lung adenocarcinoma in a three-year interval 

as following: (1) the first goal is to establish 

pemetrexed-resistant cells and analyzed the 

differential expressed genes. (2) The second goal is 

to compare and analyze the suitable chemotherapeutic 

drugs as second line therapy for patient whom has 

permetrexed refractory. The sensitive and resistant 

genes for permetrexed treatment will be determined. 

Because we only have funded for one year with total 

of NT $601,000, therefore, we started a collaboration 

with Prof. Hsu, who was also interested in pemetrexed 

regulated pathways, to complete our goal in this 

proposal. We have published one article (Pemetrexed 

induces both intrinsic and extrinsic apoptosis 

through ataxia telangiectasia mutated/p53-dependent 

and -independent signaling pathways.) Yang TY, Chang 

GC, Chen KC, Hung HW, Hsu KH, Wu CH, Sheu GT, Hsu SL. 

Mol Carcinog. 2011 Nov 15. [Epub ahead of print]. 

With IF:3.265 (ONCOLOGY 63/184, 34.2%). There are 

more data under collection for one more manuscript 

for submission. 

 

英文關鍵詞： lung adenocarcinoma, antifolate, drug resistance, 

pemetrexed 
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中文摘要及關鍵詞 (keywords)：肺腺癌，抗葉酸類抗癌藥，愛寧達，抗藥性

Pemetrexed (愛寧達，Alimta)為葉酸拮抗劑抗癌藥物，作用機轉是分別抑制

glycinamide ribonucleotide formyltransferase (GARFT)，dihydrofolate reductase

(DHFR)與 thymidylate synthase (TS)三個酶，而使其作用更廣泛。這些酵素蛋白是癌細

胞製造合成 DNA 及 RNA 所需 thymidine 及 purine nucleotides 的關鍵步驟，因此可以藉此

作用來殺死癌細胞。愛寧達似乎是對非小細胞肺癌中的非鱗狀上皮癌(non-squmous types)

有較佳的療效，因此被推薦用來治療非鱗狀上皮類之肺癌。因為其治療肺癌的效果和一線

藥物相同，因此自 2009 年二月起，衛生署已經核准愛寧達可用於肺腺癌的第一線化療用

藥，讓肺癌病患在化療第一時間就可以選用愛寧達，不必像過去，得等到第一線化療失敗

後才能使用。可是目前對於愛寧達之抗藥性產生之機轉並無深入的研究，基本上都是以舊

一代的單一作用之葉酸拮抗劑抗癌藥物產生之抗藥性做為論點，這和愛寧達是多重作用之

抗葉酸藥物的本質不符。因此，研究肺癌對愛寧達之抗藥性產生之機轉就顯得非常需要。

為此，我們原先提出三年的研究計畫包含下列兩個目標：壹、建立愛寧達的抗藥性肺腺癌

細胞株進行基因體分析，找出主要的抗藥基因並且使用干擾 RNA 的技術抑制其表現或將其

過度表達來觀察其與抗藥性產生之關聯。貳、探討是否可以使用臨床使用之化療用藥做為

當愛寧達治療抗藥性產生後時之第二線藥物，並且使用小鼠模式來驗證其可適用性。因為

此計畫只有得到壹年的經費補助 (601,000 元)，因此，我们與徐士蘭教授進行協同合作來

完成可以達成的標的。已經發表壹篇期刊論文(Pemetrexed induces both intrinsic and extrinsic

apoptosis through ataxia telangiectasia mutated/p53-dependent and -independent signaling
pathways.) Yang TY, Chang GC, Chen KC, Hung HW, Hsu KH, Wu CH, Sheu GT, Hsu SL. Mol
Carcinog. 2011 Nov 15. [Epub ahead of print]. IF: 3.265 (ONCOLOGY 63/184, 34.2%). 尚有
部份數據正在補充，希望可以再發發表壹篇期刊論文。
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英文摘要：

Key words: lung adenocarcinoma, antifolate, drug resistance, pemetrexed

Pemetrexed is a novel multitargeted antifolate that inhibits one or several key
folate-requiring enzymes of the thymidine and purine biosynthetic pathways, in particular,
thymidylate synthase (TS), dihydrofolate reductase (DHFR), and glycinamide ribonucleotide
formyltransferase (GARFT). Previous studies have identified a plethora of mechanisms of
antifolate resistance frequently associated with alterations in influx and/or efflux transporters of
(anti)folates as well as in folate-dependent enzymes. These include inactivating mutations and/or
down- regulation of the reduced folate carrier (RFC), DHFR, TS and folylpolyglutamate synthase
(FPGS). Whether all of above mentioned alterations would result in pemetrexed-resistance is not
well demonstrated. Therefore, a clear characterization of the mechanisms to overcome
pemetrexed-resistance is required.

Originally, we have proposed to characterize the drug resistance and reversal of resistance of
pemetrexed in human lung adenocarcinoma in a three-year interval as following: (1) the first goal
is to establish pemetrexed-resistant cells and analyzed the differential expressed genes. (2) The
second goal is to compare and analyze the suitable chemotherapeutic drugs as second line therapy
for patient whom has permetrexed refractory. The sensitive and resistant genes for permetrexed
treatment will be determined.

Because we only have funded for one year with total of NT $601,000, therefore, we started a
collaboration with Prof. Hsu, who was also interested in pemetrexed regulated pathways, to
complete our goal in this proposal. We have published one article (Pemetrexed induces both
intrinsic and extrinsic apoptosis through ataxia telangiectasia mutated/p53-dependent and
-independent signaling pathways.) Yang TY, Chang GC, Chen KC, Hung HW, Hsu KH, Wu CH,
Sheu GT, Hsu SL. Mol Carcinog. 2011 Nov 15. [Epub ahead of print]. With IF:3.265
(ONCOLOGY 63/184, 34.2%). There are more data under collection for one more manuscript
for submission.
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報告內容：

Introduction:

Part 1. Molecular basis of pemetrexed resistance
Antametabolites inhibition of 5-FU, methotrexate (MTX), and pemetrexed

Antimetabolites have been major therapeutic agents for the treatment of cancer for many
years. Antimetabolites in clinical practice include the inhibitors of thymidylate synthase (TS) and
dihydrofolate reductase (DHFR) (Jackman & Calvert, 1995; Rustum et al, 1997). TS is a critical
enzyme in DNA synthesis because it is rate-limiting in the production of thymidine nucleotides,
which are required exclusively for DNA synthesis. For many years, the fluoropyrimidine
5-fluorouracil (5-FU) has been the most frequently used TS inhibitor. 5-FU remains a major agent
in the treatment of breast cancer, colon cancer, and many other malignancies. DHFR inhibitors
such as methotrexate (MTX), trimetrexate, edatrexate, and others are all folate analogues. MTX
has activity in a variety of cancers, including hematologic malignancies and breast, lung, and
head and neck cancers. The development of new folate-based TS and DHFR inhibitors has been
hampered by the occurrence of unexpected severe and sometimes lethal toxicities, including
stomatitis, neutropenia, and sepsis (Calvert & Bunn, 2002).

Mechanisms of pemetrexed action.
Pemetrexed (Alimta, LY231514, Eli Lilly and Co, Indianapolis, IN) was developed because

it inhibits at least three key enzymes involved in DNA synthesis including TS, DHFR, and
glycinamide ribonucleotide formyltransferase (GARFT), as shown in Fig 1 (Calvert & Bunn,
2002). Pemetrexed enters cells via the reduced folate carrier (RFC), with transport kinetics

similar to that of MTX, and binds to folate receptor-with a very high affinity, similar to that of



folic acid (Zhao et al, 2000). Pemetrexed also appears to be a substrate for multidrug resistance
protein transporters (Wielinga et al, 2005; Zeng et al, 2001). Intracellularly, pemetrexed is
polyglutamated to the active pentaglutamide by a reaction catalyzed by folylpolyglutamate
synthase (FPGS). Pemetrexed is one of the best substrates for FPGS when compared to other
antifolates such as MTX (Goldman & Zhao, 2002). Pemetrexed can be considered a prodrug,
because its pentaglutamate form is the predominant intracellular form, and is over 60-fold more
potent in its inhibition of TS than the parent compound (Shih et al, 1998). Polyglutamation traps
pemetrexed and enhances its intracellular retention. The parent drug is polyglutamated 90- to
200-fold more efficiently than MTX and 6- to 13-fold more efficiently than the GARFT inhibitor,
lometrexol (Shih et al, 1997). The increased cellular retention of polyglutamated pemetrexed
forms may explain the success of the 3-week administration schedule. Pemetrexed inhibits
multiple enzyme targets involved in both pyrimidine and purine synthesis. One of these primary
enzyme targets is TS, a folate-dependent enzyme, catalyzes the transformation of dUMP to dTMP.
Inhibition of TS results in decreased thymidine necessary for DNA synthesis (Schultz et al, 1999).
In addition to TS, pemetrexed inhibits DHFR, aminoimidazole carboxamide ribonucleotide
formyltransferase, as well as GARFT; the latter is a folate-dependent enzyme that is involved in
purine synthesis (Shih et al, 1997). These targets are related to the cytotoxicity of pemetrexed,
because both thymidine and hypoxanthine are required to circumvent cellular death caused by
pemetrexed (Shih et al, 1997). Pemetrexed is 30–200 times more potent an inhibitor of TS than of
aminoimidazole carboxamide ribonucleotide formyltransferase or GARFT, suggesting that its
cytotoxicity may be mediated predominantly through TS inhibition.

Mechanisms of antifolates resistance overview
The antifolates were the first class of antimetabolites to enter the clinics more than 50 years

ago. Over the following decades, a full understanding of their mechanisms of action and
chemotherapeutic potential evolved along with the mechanisms by which cells develop resistance
to these drugs. These principals served as a basis for the subsequent exploration and
understanding of the mechanisms of resistance to pemetrexed. This section describes the bases
for intrinsic and acquired antifolate resistance within the context of the current understanding of
the mechanisms of actions and cytotoxic determinants of these antifolates. This encompasses (1)
impaired drug transport into cells, augmented drug export, (2) impaired activation of antifolates
through polyglutamylation, augmented hydrolysis of antifolate polyglutamates, (3) increased
expression and mutation of target enzymes.

Alterations in TS
(Overexpression of TS) Acquired resistance to antifolates that target TS has been associated with
increased expression or, in a few cases, mutations in this enzyme that alter drug binding.
Overexpression of TS is an important mechanism of resistance in small lung cancer cell lines
selected in the presence of pemetrexed (Ozasa et al, 2009). As observed with DHFR, this is
frequently associated with gene amplification. For example, resistance to ZD1694 in human
lymphoblastoid (O'Connor et al, 1992), and ovarian carcinoma cell lines (Freemantle et al, 1995)



were associated with TS amplification. The relationship between the increase in expression and
the level of resistance can vary. Hence, while 20,000-fold resistance in human lymphoblastoid
cells was associated with a 1,000-fold increase in the TS protein level, 14-fold resistance in
ovarian carcinoma cells was associated with only a 2.5-fold increase in TS activity. Recently,
Ozasa et al. (Ozasa et al, 2010) established pemetrexed-resistant small cell lung cancer cell lines
to investigate the mechanisms of acquired resistance to pemetrexed. They found the TS gene
expression was significantly increased in resistant cells. Knockdown of TS expression using
siRNA enhanced pemetrexed cytotoxicity in PC6 ⁄ MTA-4.0 cells. Their results suggested that
up-regulation of the expression of the TS gene may have an important role in the acquired
resistance to pemetrexed. In addition, TS may be a predictive marker for pemetrexed sensitivity
in lung cancer.

The first goal of this project was to determine the major genes associated with pemetrexed
resistance. We will examine the RFC, ABCC, ABCG, FPGS, GGH, DHFR, TS and GARFT
expression and possible mutations.

Part 2. Reversal of pemetrexed resistance with other chemotherapeutic drugs
We directly examined the response of A549/A400 subline, a permetrexed- resistant lung

cancer cell line, with different chemotheraputic drugs and found several interesting data for
further investigation. The first novel finding is A549/A400 subline is more sensitive to vincristine
than parental A549 cells. This is a very surprising data that indicate permetrexed resistance could
be relived by another chemotheraputic drug. Another finding is that A549/A400 subline, only
developed a cross-resistance with gemcitabine (Gemzar) and MTX but not to docetaxel and 5-FU.
These data indicate the sequential use of a chemotheraputic drug affect efficacy of pemetrexed
treatment. A recent article have mentioned that in NSCLC, prior gemcitabine-base treatment has
higher objective response rate and progression-free survivals with subsequent pemetrexed therapy
(Sun et al, 2009). Another article also reported that sequential administration of pemetrexed
followed by docetaxel may provide the greatest anti-tumor effects for lung cancer treatment
(Kano et al, 2009). Recently, Wu et al. have shown downregulation of TS and DHFR genes and
upregulation of p21, p27, Lcn-2, and nm23-H1 genes may serve as new biomarkers for predicting
responsiveness to pemetrexed (Wu et al, 2010). Therefore, we proposed to examine how
vincristine re-sensitize the pemetrexed-resistant cell lines in vitro and in vivo with
A549/A400 subline.

Significance of this project: The sensitive and resistant genes for pemetrexed treatment will be
determined. Therefore, those genes can be applied clinically to develop new strategies for lung
cancer patients who are suitable to use pemetrexed as first-line chemotherapy. Also, the patients
who developed pemetrexed resistance can have better opportunity to overcome drug resistance
with follow up treatment.
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本計畫實

際貢獻百
分比 

單位 

備 註 （ 質 化 說

明：如數個計畫
共同成果、成果
列 為 該 期 刊 之
封 面 故 事 ...
等） 

期刊論文 0 0 100%  
研究報告/技術報告 0 0 100%  
研討會論文 0 0 100% 

篇 
 

論文著作 

專書 0 0 100%   
申請中件數 0 0 100%  

專利 
已獲得件數 0 0 100% 

件 
 

件數 0 0 100% 件  
技術移轉 

權利金 0 0 100% 千元  

碩士生 2 2 100%  
博士生 2 2 100%  
博士後研究員 0 0 100%  

國內 

參與計畫人力 
（本國籍） 

專任助理 0 0 100% 

人次 

 
期刊論文 1 2 100%  
研究報告/技術報告 0 0 100%  
研討會論文 0 0 100% 

篇 
 

論文著作 

專書 0 0 100% 章/本  
申請中件數 0 0 100%  

專利 
已獲得件數 0 0 100% 

件 
 

件數 0 0 100% 件  
技術移轉 

權利金 0 0 100% 千元  
碩士生 0 0 100%  
博士生 0 0 100%  
博士後研究員 0 0 100%  

國外 

參與計畫人力 
（外國籍） 

專任助理 0 0 100% 

人次 

 



其他成果 
(無法以量化表達之成

果如辦理學術活動、獲
得獎項、重要國際合
作、研究成果國際影響
力及其他協助產業技
術發展之具體效益事
項等，請以文字敘述填
列。) 

無 

 成果項目 量化 名稱或內容性質簡述 
測驗工具(含質性與量性) 0  
課程/模組 0  
電腦及網路系統或工具 0  
教材 0  
舉辦之活動/競賽 0  
研討會/工作坊 0  
電子報、網站 0  

科 
教 
處 
計 
畫 
加 
填 
項 
目 計畫成果推廣之參與（閱聽）人數 0  

 



國科會補助專題研究計畫成果報告自評表 

請就研究內容與原計畫相符程度、達成預期目標情況、研究成果之學術或應用價

值（簡要敘述成果所代表之意義、價值、影響或進一步發展之可能性）、是否適

合在學術期刊發表或申請專利、主要發現或其他有關價值等，作一綜合評估。

1. 請就研究內容與原計畫相符程度、達成預期目標情況作一綜合評估 
■達成目標 
□未達成目標（請說明，以 100 字為限） 

□實驗失敗 

□因故實驗中斷 
□其他原因 

說明： 

2. 研究成果在學術期刊發表或申請專利等情形： 
論文：■已發表 □未發表之文稿 □撰寫中 □無 

專利：□已獲得 □申請中 ■無 

技轉：□已技轉 □洽談中 ■無 

其他：（以 100 字為限） 
已經發表壹篇期刊論文(Pemetrexed induces both intrinsic and extrinsic apoptosis 

through ataxia telangiectasia mutated/p53-dependent and -independent signaling 

pathways.) Yang TY, Chang GC, Chen KC, Hung HW, Hsu KH, Wu CH, Sheu GT, Hsu SL. Mol 

Carcinog. 2011 Nov 15. [Epub ahead of print]. IF: 3.265 (ONCOLOGY 63/184, 34.2%). 

尚有部份數據正在補充，希望可以再發發表壹篇期刊論文。 
3. 請依學術成就、技術創新、社會影響等方面，評估研究成果之學術或應用價

值（簡要敘述成果所代表之意義、價值、影響或進一步發展之可能性）（以

500 字為限） 
Pemetrexed (愛寧達，Alimta)為葉酸拮抗劑抗癌藥物，其引起癌細胞凋亡作用機轉可以

經由 intrinsic and extrinsic apoptosis by upregulating Bax, PUMA, Fas, DR4, and 

DR5 and activating the caspase signaling cascade.所以癌細胞對愛寧達的敏感性可

以檢驗 thymidylate synthase 的降低和 Bax, PUMA, Fas, DR4, and DR5 之增加來預測

而得到較好的治療效果。自 2009 年二月起，衛生署已經核准愛寧達可用於肺腺癌的第一

線化療用藥，讓肺癌病患在化療第一時間就可以選用愛寧達，不必像過去，得等到第一線

化療失敗後才能使用。可是目前對於愛寧達之抗藥性產生之機轉並無深入的研究，因此，

研究肺癌對愛寧達之抗藥性產生之機轉就顯得非常需要。 

 

 


