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遠紅外線治療藉由促進靜脈內皮細胞內第一型原血紅素加氧脢(heme oxygenase-1)的表達
而能調控其抗發炎反應
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摘要
血管通路併發症佔美國血液透析病患住院原因的16~20%, 每年約花費美金10億元。80% 的動靜脈廔管阻塞是由動靜脈廔管狹窄所造成的。在組織學上常見的特徵為血管平滑肌細胞增生及細胞外質過度合成造成的血管內膜增厚及白血球浸潤所造成的血管壁發炎反應。職於 University of Missouri-Columbia 的 Department of medical pharmacology and physiology 實驗室接受 Professor William Durante 的指導,探討遠紅外線治療影響動靜脈廔管通暢率的可能原因,主要藉由分子生物學的方法研究造成動靜脈廔管狹窄的細胞學機轉。特別針對遠紅外線治療在靜脈內皮細胞 (human venous endothelial cels) 對第一型原血紅素加氧脢(heme oxygenase-1;簡寫HO-1)可能產生的影響。這一年的研究主要的發現為：遠紅外線治療藉由促進第一型原血紅素加氧脢(heme oxygenase-1;簡寫HO-1)的表達, 進而降低靜脈內皮細胞釋放發炎細胞吸附分子 (如ICAM-1, VCAM-1, E-selectin)的能力, 進而抑制白血球吸附靜脈內皮細胞後的發炎反應。藉由上述機轉,因此遠紅外線治療可以改善血液透析病患動靜脈廔管通暢率。

關鍵詞：遠紅外線治療(far infrared therapy)、人類臍靜脈內皮細胞 (human umbilical venous endothelial cells; HUVEC)、細胞黏附分子(E-selectin, VCAM-1 及ICAM-1)、第一型原血紅素加氧脢(heme oxygenase-1)、轉錄因子Nrf2、西方點墨法(Western blotting)、同位素氚結合之胸腺嘧啶 (H3-thymidine)、雙冷光酶報告基因檢測系統(Dual-Luciferase® Reporter Assay System)
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本文
目 的
血管通路併發症佔美國血液透析病患住院原因的16~20%, 每年約花費美金10億元。80% 的動靜脈廔管阻塞是由動靜脈廔管狹窄所造成的。在組織學上常見的特徵為血管平滑肌細胞增生及細胞外質過度合成造成的血管內膜增厚及白血球浸潤所造成的血管壁發炎反應。而上述反應會受一氧化碳(carbon monoxide)所調控,其由第一型原血紅素加氧脢(heme oxygenase-1;簡寫HO-1)合成。個人先前研究發現HO-1基因驅動區的GT重複片段越長 (>30重複片段) ,其轉錄能力越差,酵素活性越低,導致血管組織內一氧化碳合成量越少,較易罹患動靜脈廔管阻塞等血管病變。而個人最近研究亦證實遠紅外線治療可改善血液透析病患動靜脈廔管之血流量及通暢率。
個人此次出國主要有兩方面的研究目的: (1) 探討遠紅外線治療是否會改變靜脈內皮細胞內的第一型原血紅素加氧脢(HO-1)的表現。(2)探討遠紅外線治療是否會藉由調節發炎反應相關吸附分子 (pro-inflammatory adhesion molecules,例如E-selectin, VCAM-1 及 ICAM-1)的表現而產生抗發炎作用。

過 程
 (一)以北方點墨法(Northern blotting)測定mRNA並以西方點墨法(Western blotting)測定蛋白質來驗証遠紅外線治療是否會改變靜脈內皮細胞內的第一型原血紅素加氧脢(HO-1)及轉錄因子Nrf2 的表現
A. The effect of far infrared therapy on the expression of HO-1 in vascular endothelial cells.

(a) Time Course of Protein Expression of HO-1 after FIR

1. Distribute HUVECs evenly to two 6-well plates at Day 1 (D1).

2. Incubate the cells in 20% serum for 72 hours (until D4)

3. Change to culture medium containing 10% serum for 24 hours (D4~5)

4. Collect protein from the wells labeled as time 0 (D5).

5. Treat cells with 40 minutes of FIR therapy (D5).

6. Collect protein for analysis at different time points (2,4,6,24,48 hrs)

7. Determine the protein expression by Western blotting.

(b) Dose Effect of FIR on the Protein Expression of HO-1 in HUVECs

1. Distribute HUVECs evenly to each of the four 10cm-dishes (0’,10’,20’,40’) at D1.

2. Incubate the cells in 20% serum for 72 hours (until D4)

3. Incubate the cells in 10% serum for 24 hours (until D5)

4. Treat cells with 10, 20, 40 minutes of FIR therapy (D5).

5. Collect protein at the time with the highest protein expression according to the result of time course (D5).

6. Determine the protein expression by Western blotting.

(c) Time course of FIR on mRNA Expression of HO-1 in HUVECs

1. Distribute HUVECs evenly to each of the five 10cm-dishes (0, 2h, 4h, 6h, 24h) at D1.

2. Incubate the cells in 20% serum for 72 hours (until D4).

3. Incubate the cells in 10% serum for 24 hours (until D5).

4. Treat cells with 40 minutes of FIR therapy (D5).

5. Collect protein for analysis at different time points (2,4,6,24,48 hrs) (D5).

6. Determine the protein expression by Northern blotting.

(d) Dose Effect of FIR on the Protein Expression of HO-1 in HUVECs

1. Distribute HUVECs evenly to each of the four 10cm-dishes (0’,10’,20’,40’) at D1.

2. Incubate the cells in 20% serum for 72 hours (until D4)

3. Incubate the cells in 10% serum for 24 hours (until D5)

4. Treat cells with 10, 20, 40 minutes of FIR therapy (D5).

5. Collect protein at the time with the highest protein expression according to the result of time course (D5).

6. Determine the mRNA expression by Northern blotting.
B. Time course and dose effect of FIR on the expression of NF-E2-related factor 2 (Nrf2)

(a) Time Course of Protein Expression of Nrf2 after FIR

1. Distribute HUVECs evenly to two 6-well plates at Day 1 (D1).

2. Incubate the cells in 20% serum for 72 hours (until D4)

3. Change to culture medium containing 10% serum for 24 hours (D4~5)

4. Collect protein from the wells labeled as time 0 (D5).

5. Treat cells with 40 minutes of FIR therapy (D5).

6. Collect protein for analysis at different time points (0.5,1,2, 4,6 hrs)

7. Determine the protein expression by Western blotting.

(b) Dose Effect of FIR on the Protein Expression of Nrf2 in HUVECs
1. Distribute HUVECs evenly to each of the four 10cm-dishes (0’,10’,20’,40’) at D1.

2. Incubate the cells in 20% serum for 72 hours (until D4)

3. Incubate the cells in 10% serum for 24 hours (until D5)

4. Treat cells with 10, 20, 40 minutes of FIR therapy (D5).

5. Collect protein at the time with the highest protein expression according to the result of time course (D5).

6. Determine the protein expression by Western blotting.

 (二)以雙冷光酶報告基因檢測系統 (Dual-Luciferase® Reporter Assay System) 檢測 HO-1基因驅動區 (H0-1 gene promoter)活性
Effect of FIR on the promoter activity of HO-1 gene by dual luciferase reporter assay

(a) Grouping:
1. Wild vectors 1μg + dnNrf2 (dominant negative Nrf2) 1μg+ FIR 40 minutes + Renilla  vectors (R) 0.02 μg

2. Wild vectors + dnNrf2 +R

3. Wild vectors + FIR 40 minutes + R

4. Wild vectors  + R

5. Wild vectors + Cadmium chloride 50 μM+ R

6. Mutant vectors + R

7. Mutant vectors + FIR 40 minutes +R

8. Renilla vectors 

9. Renilla vectors + FIR 40 minutes

(b) Protocol

1. 1. Incubate HUVEC in six 12-well culture plates at the initial cell number about 1~2x105/well. 

2. Allow cells to grow until they are 40~60% confluent. (usually 18~24 hrs)

3. Prepare the following solutions:
(1) solution A1: 1μg DNA of wild vectors + dnNrf2 (dominant negative Nrf2) 1μg & 0.02 μg  DNA of Renilla luciferase vectors (R) in 100 μl serum free & antibiotic free medium (SFM) per well, total 6 wells.
(2) solution A2: 1μg DNA of wild vectors & 0.02 μg DNA of Renilla luciferase vectors (R) in 100 μl serum free & antibiotic free medium (SFM) per well, total 9 wells.
(3) solution A3: 1μg DNA of mutant vectors and 0.02 μg DNA of Renilla luciferase vectors (R) in 100μl SFM per well, total 6 wells.
(4) solution A4: 0.02μg DNA of Renilla luciferase vectors (R) in 100μl SFM per well x 6 wells.

(5) solution B1 ~B4: 1μl lipofectin reagent in 100μl SFM per well at room temperature (RT) for 30~45minutes.
4. Mix solution A1 with B1 (solution C1), solution A2 with B2 (solution C2), solution A3 with B3 (solution C3), solution A4 with B4 (solution C4), at RT for 10~15 minutes.

5. Add the amount of SFM at 0.8 ml per well to solution C1 ~ C4 to make solution D1 ~D4.

6. Incubate the cells with vectors for 6 hours at 37°C in a CO2 incubator.

7. Wash cells with PBS 2ml and distribute 2 ml of 20% serum-containing medium and incubate for 48 hours.

8. Treat the indicated plates with 40 minutes of far infrared therapy 42 hours after incubation with 20% serum-containing medium. 

9. Add CdCl2 50μM immediately after FIR treatment.

10. Check luciferase activity 6 hours later.

11. 2cc PBS for each well of the 6-well plate

12. 250μl passive lysis buffer (PLB) for each well

13. Scrape cells and aspirate lysate from the well and transfer to another tube

14. Add 100ul LARII solution into each tube

15. Add 20ul PLB lysate and mix by pipetting thrice

16. Measure firefly luciferase activity

17. Dispense 100ul Stop & Glo Reagent

18. Measure Renilla luciferase activity

(三)以西方點墨法來驗証遠紅外線治療是否會改變靜脈內皮細胞內的發炎反應相關吸附分子(E-selectin, VCAM-1 及 ICAM-1)的表現
The effect of FIR on protein expression of E-selectin, VCAM-1 and ICAM-1 induced by TNF-α in HUVECs

(a) Time Course
1. Distribute HUVECs evenly to two 6-well plates at Day 1 (D1).

2. Label 2 wells for each of the following groups:
(1) 0 min,
(2) 2 hours after TNF-α 100ng/ml,
(3) 2 hours after TNF-α 100ng/ml and 40 minutes of FIR,
(4) 4 hours after TNF-α 100ng/ml,
(5) 4 hours after TNF-α 100ng/ml and 40 minutes of FIR,
(6) 6 hours after TNF-α 100ng/ml, 
(7) 6 hours after TNF-α 100ng/ml and 40 minutes of FIR, 
(8) 24 hours after TNF-α 100ng/ml, 
(9) 24 hours after TNF-α 100ng/ml and 40 minutes of FIR

3. Incubate the cells in 20% serum for 72 hours (until D4)

4. Change to culture medium containing 10% serum for 24 hours (D4~5)

5. Collect protein from the wells labeled as time 0 (D5).

6. Treat cells with TNF-α 100 ng/ml.

7. Treat cells with 40 minutes of FIR therapy (D5).

8. Collect protein for analysis at different time points (2, 4, 6, 24 hrs)

9. Determine the protein expression by Western blotting.

(b) Dose effect 

1. Distribute HUVECs evenly to each of the four 10cm-dishes at D1.

2. Incubate the cells in 20% serum for 72 hours (until D4)

3. Incubate the cells in 10% serum for 24 hours (until D5)

4. Treat cells with TNF-α 100 ng/ml.

5. Treat cells with 10, 20, 40 minutes of FIR therapy (D5).

6. Collect protein at the time with the greatest difference of protein expression between groups of cells with and without FIR according to the result of time course (D5).

7. Determine the protein expression by Western blotting.

(c) Different combinations of FIR, HO-1 inducer or HO-1 inhibitor

1. Grouping: (1) Control (C); (2) FIR 40 minutes (F); (3) TNF-α100ng/ml (T); (4) Tinc protoporphyrin 20μM (SnPP); (5) Hemin 20μM (H); (6) T+F; (7) T+H; (8) F+SnPP; (9) T+F+SnPP

2. Distribute HUVECs evenly to each of the four 10cm-dishes at D1.

3. Incubate the cells in 20% serum for 72 hours (until D4)

4. Incubate the cells in 10% serum for 24 hours (until D5)

5. Treat cells with TNF-α 100 ng/ml.

6. Treat cells with 10, 20, 40 minutes of FIR therapy 40 minutes ± tinc protoporphyrin 20μM ± hemin 20μM (D5).

7. Collect protein at the time with the greatest difference of protein expression between groups of cells with and without FIR according to the result of time course (D5).

8. Determine the protein expression by Western blotting.

（四）以同位素氚結合之胸腺嘧啶 (H3-thymidine)標記單核白血球(monocytes)來檢測紅外線治療是否會降低單核白血球對靜脈內皮細胞的吸附能力而產生抗發炎作用。
The effect of FIR on adhesion of monocytes to endothelial cells

(a) Grouping:
·  Control

·  FIR 40 minutes

·  TNFα(100ng/ml)

·  TNFα (100ng/ml)+ FIR 40 minutes

·  SnPP (20μM)
·  TNFα (100ng/ml) + FIR 40 minutes + SnPP (20μM)

·  HO-1 SiRNA (0.2nmole/well)

·  TNFα (100ng/ml) + FIR40 minutes + HO-1 SiRNA (0.2nmole/well)

·  Non-target SiRNA (0.2nmole/well)

·  TNFα (100ng/ml) + FIR 40 minutes + Non-target SiRNA  (0.2nmole/well)

(b) Protocol:
1. Culture U937 monocytes in suspension in T75 flasks.

2. Label U937 cells (106 cells/ml) with [H3] thymidine (1μCi/ml) in T75 for 24 hours.

3. Collect H3-labeled monocytes by centrifugation at 350xg for 4 minutes

4. Wash 3 times with serum free culture medium

5. Resuspend cells in culture medium at 106 cells/ml

6. Add monocytes to a confluent layer f endothelial cells that have been treated with TNFα (100 ng/ml) for 6 hours.

7. Add 106 cells/well for 6-well plate

8. Incubate for an hour and remove medium then gently rinse with PBS 3 times

9. Observe plates under microscope to see if monocytes are adherent to HUVECS

10. Take pictures for future reference and cell counting

11. Lyse cells by adding 1 ml of lysis buffer into each well (for 6-well plate) containing 0.2% SDS/0.2N NaOH.

12. Incubate cells with lyses buffer for 1 hour.

13. Aliquot the lysate into scintillation vials, add scintillation fluid, and count samples in a liquid scintillation counter.

(伍)統計

(a) Data management and statistical analysis were done using the SPSS statistical software (version 11.0; USA).

(b) Distributions of continuous variables in groups were expressed as mean±SD and compared by Student's t tests or one-way analysis of variance (ANOVA) with the least significant different method for post hoc multiple comparisons of the means.

心 得
(一)以北方點墨法(Northern blotting)測定mRNA並以西方點墨法(Western blotting)測定蛋白質來證實遠紅外線治療可以促進靜脈內皮細胞內的第一型原血紅素加氧脢(HO-1)及轉錄因子Nrf2 的表現
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(二)以雙冷光酶報告基因檢測系統 (Dual-Luciferase® Reporter Assay System) 證實遠紅外線治療可以加強HO-1基因驅動區 (H0-1 gene promoter)活性
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W: wild vectors with normal HO-1 promoter and firefly luciferase 
D: vectors with dnNrf2 (dominant negative Nrf2)

F: far infrared therapy
M: vectors with mutant HO-1 promoter and firefly luciferase
R: vectors with renilla luciferase as internal control
(三)以西方點墨法證實遠紅外線治療可以抑制靜脈內皮細胞的發炎反應相關吸附分子(E-selectin, VCAM-1 及 ICAM-1)的表現
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(四)以同位素氚結合之胸腺嘧啶 (H3-thymidine)標記單核白血球(monocytes) 證實紅外線治療可以降低單核白血球對靜脈內皮細胞的吸附能力而產生抗發炎作用。
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C: control;   F: FIR;  S: SnPP;      H: HO-1 RNAi; 
T: TNF-a;  TF: T+F;  STF: S+T+F;  HTF: H+T+F; 
N: Non-target RNAi ;   NTF: Non-target RNAi +T+F

建 議 事 項

1. 未來期能與心臟血管外科合作建立動靜脈廔管阻塞的動物模式 (animal model)以驗證本細胞學研究的機轉與成果是否可以應用於活體動物。
2. 進一步觀察遠紅外線治療是否可以改善血液透析病患人工血管(Arteriovenous graft)之通暢率。
3. 探究遠紅外線臨床療效背後的其他治療機轉，期能結合各種可能之藥物或非藥物治療方式期能降低血液透析病患動靜脈廔管阻塞的發生率並提升預防血管阻塞的成功率。藉此而能減輕醫療費用對家庭、社會與國家經濟上所造成的衝擊與負荷。
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