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(二)中、英文摘要及關鍵詞(keywords) 

本研究在於探索骨髓微環境中用以調控三氧化二砷的抗藥機轉.我們發現微環境中之

fibronectin 及 V-CAM-1 對經三氧化二砷處理之急性髓性白血病細胞之分裂,及死亡有明

顯影響, fibronectin 可以使不同的白血病細胞產生抗藥性,這些抗藥性是透過 fibronectin 的

ligand,VLA-4 來進行訊息傳遞,同時以 VLA-4 抗體可以阻斷 fibronectin 產生之抗藥性,同時

VLA4 的活化使細胞內 AKT 及 MAPK 訊息路徑的磷酸化增加,更進一步以 AKT 之抑制劑

LY294002 及 MAPK 抑制劑 SB202190 處理後發現可以阻斷 fibronectin 誘導產生之抗藥性

進而使加強三氧化二砷,防止三氧化二砷的抗藥性發生.因此本研究初步發現骨髓微環境

中用以煤介三氧化二砷抗藥性發生的分子, 藉此可以做為未來新藥開發之理論依據. 

關鍵詞：急性髓性白血病, 骨髓微環境, 三氧化二砷, AKT, VLA-4 

In this study, we intended to study the mechanism underlying the stromal cells-mediated resistance 

to arsenic trioxide in acute myeloid leukemia. We found that fibronectin is the most critical factor 

that mediated the resistance to ATO in vitro, and possibly in vivo. When AML cells grown in 

fibronectin coated plates, they exhibited less apoptosis, increased survival and proliferation. 

Furthermore we demonstrate that interaction with fibronectin downregulates the levels of p21 and 

p27 in NB4 cells, increases the expression of cyclin D1, antiapoptotic Bcl-xl and Bcl-2. 

Furthermore, the fibronectin mediated effects can be partially abrogated by anti-VLA-4 but not 

anti-VLA-5 antibody. Interaction with fibronectin increases the phosphorylation of AKT and p38 

MAPK. To circumvent the fibornectin-mediated effect, we show that AKT inhibitor LY294002 can 

block the fibronectin-mediated effects. We also tested the effect of MAPK inhibitor SB 202190, but 

the activity of MAPK inhibitor was less pronounced than LY294002. Therefore, this study 

indicates that fibronectin in the stromal cells play a critical role in ATO resistance and blocking 

with novel AKT inhibitor might represent a potential strategy for improving anti-leukemic therapy 

in vitro. 

Keyworkds: acute myeloid leukemia, bone marrow microenvironment, arsenic trioxide, fibronectin, 

VLA-4 



(三)報告內容 

1. 前言與研究目的 

Arsenic trioxide (ATO) is a novel agent for treating acute promyelocytic leukemia (APL). However, 

studies on the use of arsenic trioxide on different types of cancer such as multiple myeloma, 

hepatocellular carcinoma, etc has shown that these cancer cells are sensitive to ATO in vitro but 

become resistant in vivo. Our previous study on the use of ATO on APL has shown that APL cells 

are quite sensitive to ATO in vitro but gradually develop resistance in vivo. Our study further 

shows that ATO can upregulate glutathione in vivo, inducing resistance. Furthermore, using in vitro 

system, we previously demonstrated that stromal cells are crucial for developing resistance in vivo. 

Some of the resistance mechanisms appear to be the upregulation of antiapoptotic protein and 

changes of cell cycle proteins. To further elucidate the mechanisms, we intended to use in vitro 

system to dissect the molecular mechanisms underlying the resistance in vivo. Several stromal 

proteins have been shown to cause drug resistance to conventional chemotherapeutic agents, such 

as fibronectin. Therefore, in this study, we hypothesized that stromal factors such as fibronectin 

play a crucial role in mediating the ATO resistance in vivo. We used an in vitro system to emulate 

in vivo situation, hoping that through understanding of the molecular mechanisms, we can identify 

the causes of resistance and help develop anti-resistance mechanisms in future cancer therapy. 

 

 



2.研究方法 

In this study, we used the following assays to answer various questions. 
1. All cell lines were purchased from 食品研究所, AKT and MAPK inhibitors from Calbiochem. 

Fibronectin, V-CAM-1 and type I collagen were from Sigma-Aldrich. 
2. MTT assays: we used this assay to study the growth of acute leukemic cells. Briefly, cells were 

grown in indicated conditions and then treated with MTT for 4 hours and viable cells were 
converted to yellowish MTT to bluish formazan and measured by spectrophotometry. For 
detailed methods please refer to reference 6. 

3. Cell cycle analysis: cells were lyzed with propidium iodide-containing hypotonic citrate 
solution and analyzed by flow cytometry within two hours. For detailed methods please refer to 
reference 6.  

4. Apoptosis assays: cells were stained with annexin-V-FITC and propidium iodide for 30 
minutes and the unused propidium iodide and annexin-V-FITC were washed away and Cells 
were analyzed by flow cytometry. For detailed methods please refer to reference 6 

5. Western blotting: cells were lysed with NETN lysis buffer and total cell lysates were resolved 
on polyacrylamide gel and probed with different antibodies. Antibodies used in this study 
included p21WAF1, p27cip1, cyclin D1, cyclin B, cyclin D, Bcl-xL, Bcl-2, BAD, BAX, actin, 
phospho-AKT, AKT, and p38MAPK. For detailed methods please refer to reference 6. 

6. Statistical analysis: the data are presented as mean±SEM. Statistical analysis was done by 
Student’s t tests, and p<0.05 was regarded as statistically significant.  



5.結果與討論 
1. Extracellular matrix protein (ECM) fibronectin (FN) significantly improved the survival of AML 
cells when grown in the presence of 1 microM ATO. We tested the effects of 3 different major 
ECM that have been shown to play a role in stromal cell microenvironment on 4 different types of 
acute myeloid leukemia (HL-60, NB4, U937 and THP-1). We found that FN significantly improved 
the survival of cells in all four kinds of AML cells, but the effects were most evident in NB4 cells 
(Figure 1). 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
2. FN prevented the 
apoptosis of 
ATO-treated cells. We 
then tested whether 

ECM can prevent the apoptosis of AML cells in vitro. Cells were treated with 1 microM ATO on 
the ECM for 24 hours before assaying apoptosis. We found that cells grown on FN and VCAM-1 
had significantly less apoptosis then on other ECM (Figure 2) 

 

 

3. FN aboraged the 

ATO-induced cell cycle 

arrest. To further evaluate 

the effect of ECM on ATO 

resistance, we measured the 

cell cycle changes on 4 

different AML cells. Then 

cells were treated with 1 

microM ATO on ECM for 

24 hours. Still cells on FN 

exhibited the most evident 

cell cycle arrest, followed by V-CAM1 and type I collagen (Figure 3). 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

4. Effect of FN on cell-cycle-related protein, apoptosis-related protein. We then characterized the 

changes of proteins in cells treated with ATO. We found that when cells were grown on V-CAM1 

and FN, the levels of p21 and p27 were significantly reduced. But the cyclin D1 levels were 

increased. We did not detected any changes in cyclin B or E on either of the treated. Cells. In 

contrast, V-CAM-1 and FN increased the antiapoptotic protein Bcl-xL and Bcl-2 (Figure 4). These 

changes support the prior findings that FN coating enhanced the proliferation and inhibited the 

apoptosis of ATO-treated cells.  

5. Effects of anti-VLA-4 

and VLA-5 on the AML 

cells. Since both VLA-4 

and VLA-5 on AML 

cells can interact with 

FN, we then tried to 

identify which ligand is 

responsible the 

increased proliferation 

and reduced apoptosis. 

Cells were cotreated 

with either 1 

mcrogram/mL VLA-4 or VLA-5 blocking antibodies for 24 hours before MTT, cell-cycle and 



apoptosis assays. We found that the effects of anti-VLA-4 were more prominent, indicating that 

activation through VLA-4 is responsible for the observed effects. 

6. FN mediated 

AKT 

phosphorylation 

is responsible 

for the increased 

survival of 

AML cells. To 

further 

racterized 

molecular 

mechan ms 

erlying the 

FN-mediated 

activity. We 

measured the phosphorylation of AKT and MAPK pathway. FN coating increased the 

phosphorylation of AKT phosphorylation and total AKT were not affected (Figure 6A). At the 

same time, FN also increased the levels of MAPK, but JNK was not affected (data not shown). The 

activation of AKT 

can be blocked by 

itor 

294002 and 

LY294002-treated 

cells exhibited 

increased tosis 

(Figure 6B), 

indicating at KT 

activati is the 

major pathway 
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ATO resistance. We 
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of MAPK on ATO resistance using MAPK inhibitor SB202190, but the effect of MAPK inhibitor 

was less pronounced. 
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(三)計畫成果自評部份 

We have identified the bone marrow stromal factor, i.e. fibronectin that plays an important 

role in the ATO resistance. Inhibition of the signaling pathways initiated by fibronectin will 

be of critical importance for future therapy of patients with acute promyelocytic leukemia 

and may also benefit patients with different types of leukemia especially for myeloma. For 

patient with acute promyelocytic leukemia, in the future, a combination of arsenic trioxide, 

all-trans retinoic acid, chemotherapy and AKT inhibitor might be able to eradicate the 

leukemic cells and prevent the development of drug resistance. For myeloma, which is 

characterized by cell-adhesion molecule-mediated drug resistance, our findings provide a 

new approach, since the use of ATO in myeloma is effective in vitro but ineffective in vivo. 

In the future the inclusion of AKT inhibitor should greatly benefit these patients. Part of 

this work has recently been published in 2006 March issue of Leukemia and Lymphoma 

(Reference 5). 

We are currently pursuing using this finding to see if the inhibition of AKT will also 

improve the treatment of acute myeloid leukemia in vivo. 

 

 


