
Luteolin inhibits the production of PM2.5-induced ICAM-1 expression 
in H460 cells via Akt, p38, and NFκB pathway

Abstract

Materials and Methods

Discussion

Results

 PM2.5 increased ICAM-1 production in H460 cells. 

H460 cells (2x 105 per well)

Pre-treated with  Lut. or DMSO; or various inhibitors (1.5h)

Treated with PM2.5 (100 μg/ml) (24h)

Collected supernatant and cell lysates

CCK-8, LDH for ELISA and Western blotting analysis

◎Flow chart of experiment

Scope:
Air pollution has been linked to increasing rates of mortality and morbidity in 

respiratory and cardiovascular diseases. Particulate matters were the most 
major source and have been studied extensively. Epidemiological studies have 
shown that exposure to ambient fine particulate matter (PM2.5) is associated 
with respiratory diseases. Lung inflammation is a central feature of many 
pulmonary diseases, which can be induced by PM2.5 exposure. Intercellular 
adhesion molecule-1 (ICAM-1) shows altered expression in a variety of benign 
and malignant diseases. Previous studies indicated that exposure of human 
non–small-cell lung cancer (NSCLC) H460 cells to PM2.5 led to ICAM-1 induction 
in dose-dependent manners. However, the underlying mechanisms remain 
unclear. The present study explored whether luteolin can inhibit PM2.5-induced 
ICAM-1 production in H460 cells.  

In this study, treatment of H460 cells with PM2.5 activates the Akt, p38 and 
NFκB. Meanwhile, p38 activation and ICAM-1 production in response to PM2.5 
are significantly blocked by the PI3K inhibitor (LY294002)、 MEK inhibitor 
(U0126) and ERK inhibitor (PD98059 ). The results shown that pre-treatment of 
H460 cells with luteolin resulted in a striking inhibition of ICAM-1 induction by 
PM2.5, along with reduction in the phosphorylation of PI3K, Akt, p38, and NFκB. 

According to our results suggest that luteolin attenuates PM2.5-induced 
ICAM-1 production in H460 cells via the PI3K, AKT, p38 and NF-κB pathways. 
Overall, our findings indicate that induction of ICAM-1 by H460 cells treated 
with PM2.5 may be associated with lung cancer metastasis, but the luteolin may 
have an inhibitory effect.

 Structure of luteolin (Lut).

 Cell viability effect of PM2.5 on human 
non-small cell lung cancer cell  (H460 cells)
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Effect of PM2.5 on the cell viability of human non-small cell lung 
cancer cells ( H460 cell lines). Cells were treated with the 
indicated concentration of PM2.5 (100, 50 or 25 μg). After an 
incubation of 24 h, the viability and cytotoxicity of cells were 
determined by cell viability was assessed by MTT assays. 
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PM2.5 increased ICAM-1 production in H460 cells. The cells were 
untreatmented (mock) or PM2.5-treatmented (100, 50 and 25 µg) for 
24 h. ICAM1 concentrations in the collected supernatant from culture 
medium were measured by ELISA. *p < 0.01, significant compared 
with PM2.5 untreated group.

PM2.5 (µg/ml)

 Effect of PM2.5 on the pP38、pAKT
and pNFκB expression in H460 cells

p-p38

p-NF-κB p65 

100          50          25           0

pAKT

GAPDH

PM2.5 (µg)

Effect of PM2.5 on the pP38、pAKT and pNFκB expression in H460 
cells. The cells were pretreated or untreated (DMSO and mock) with 
indicated concentration (30, 15 and 7.5 μM )of luteolin for 1.5 h. The 
cells were untreatmented (mock) or PM2.5-treatmented (100 µg) for 24 
h. The cell lysates were subjected to Western blot analysis using 
antibodies against pP38 、pAKT and  pNFκB and GAPDH. GAPDH 
staining was used to demonstrate equal loading of gels.

 Effect of ERK1/2, JNK, p38MAPK, and AKT 
inhibitors on PM2.5-induced H460 cells
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PM2.5  induced ICAM-1 production via PI3K-AKT-ERK pathway in 
H460 cells. The H460 cells were first pre-treated with various 
inhibitors of LY294002 (20 μM), U0126 (10 μM), SB203580 (p38 
inhibitor; 20 μM), PD98059 (ERK inhibitor; 20 μM), SP600125 (JNK 
inhibitor; 20 μM) for 1.5 h, and then exposed to PM2.5 (100 μg) for 
24 h. ICAM-1 (B.) concentrations in the collected supernatant from 
culture medium were measured by ELISA. *p < 0.01, significant 
compared with PM2.5 group.

 Cytotoxicity and LDH production of Luteolin on H460 cells
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Cell viabilities of H460 cells with various concentrations of luteolin. (A.) H460 cells were treated with various concentrations of luteolin (200, 
100, 50, 25 and 12.5 μM ) for and cell viabilities were measured by a MTT assay. (B) For cultured supernatants were collected and subjected to 
LDH assay as indicated. *p < 0.01, significant compared with luteolin untreated group.
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 Inhibitory effects of luteolin on P38 and 
NFκB pathway in PM2.5-treatmented of 
H460 cells. 

p-NFκB p65 

p-p38 

GAPDH 

Luteolin (µM)

PM2.5 (100 µg)

30         15        7.5        0         Mock  

p-ERK1/2 

Inhibitory effects of luteolin on P38 and NFκB pathway in PM2.5-treatmented of H460 cells. The cells were pretreated or untreated (DMSO and 
mock) with indicated concentration (30, 15 and 7.5 μM )of luteolin for 1.5 h. The cells were untreatmented (mock) or PM2.5-treatmented (100 
µg) for 24 h. The cell lysates were subjected to Western blot analysis using antibodies against pP38 and  pNFκB and GAPDH. GAPDH staining was 
used to demonstrate equal loading of gels.

 Inhibitory effects of luteolin on PI3K and AKT 
pathway in PM2.5-treatmented of H460 cells. 
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 Previous epidemiological studies have indicated that ambient PM2.5 is 

carcinogenic (Harrison et al., 2004), and may increase the morbidity and 
mortality rates associated with lung cancer (Li et al., 2017;), and PM2.5 
has been suggested to decrease the survival time of patients with lung 
cancer (Eckel et al., 2016).

 ICAM-1 expression on tumor cells has been extensively studied and linked 
with their ability to invade adjacent and distant organs and with their 
increased metastatic potential in lung, osteosarcoma, breast or colorectal 
cancer cells (Li et al., 2018; Shao et al., 2016; Pope et al., 2011; Mao et al., 
2016).

 Therefore, we speculate that PM2.5-induced increase in ICAM-1 expression 
may further promote inflammatory immunity, metastasis and malignant 
tumors in lung cancer cells.

 Our results suggest that luteolin attenuates PM2.5-induced ICAM-1 
production in H460 cells via the PI3K, AKT, p38 and NF-κB pathways. 

 These data may provide some hints to find the pathological effects of 
preventing the possibility of metastasis and angiogenesis in patients with 
PM2.5-induced lung cancer.

 Overall, our findings indicate that induction of ICAM-1 by H460 cells 
treated with PM2.5 may be associated with lung cancer metastasis, but 
the luteolin may have an inhibitory effect.

Luteolin

Luteolin
?
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研究題目：Effect of ML213 on rats subjected to myocardial ischemia-
reperfusion(I/R) injury

學號：0501062 0501093 姓名：顏怡安、林威騰 指導教授：黃相碩

The irreversible myocardial injury resulted from ischemia-reperfusion(I/R) in myocardial infarction(MI) remains to be a critical problem in clinical

practice. So far, some medical research has indicated that the deleterious progress of heart I/R injury involves inflammation, oxidative stress,

apoptosis, and lipid and protein changes, all of which cause heart dysfunction.

Retigabine, used to be a marketed drug for epilepsy, is a Kv7.2-Kv7.5 channel opener. Even though it was removed from the shelves since the

serious side effects. Kv7.4 channels will present in cardiac mitochondria; their activation of potassium channel proved to depolarize the

membrane potential, influence the permeability of calcium, and thus protect the heart from morphological or functional changes during I/R

injury. A recent study pointed out the potential of Retigabine to be cardioprotective agent based on its Kv7.4 selection.[1] Based on current

studies, ML213 is an artificial chemicals characterized by being selective to Kv7.2 and Kv7.4 channel.[2][3] The purpose of this study is to

investigate the therapeutic effect of post-ischemic administration of ML213 on myocardial I/R injury.

■ Result and discussion

Table 1. Effect of ML213 on arrhythmias in rats subjected to

myocardial I/R injury.
VPC, ventricular premature complexes; VT, ventricular tachycardia; VF,

ventricular fibrillation. Control is normal DMSO. n, number of

experiments; values for duration of VT and VF are shown as the mean ±
SEM.

Figure 1. (A) Mean arterial blood pressure and (B) heart rate are

recorded by physiologically recorder during myocardial I/R injury.
No significant differences were recorded in heart rate. However, significant

differences were shown on mean arterial blood pressure. ML213: 10 μg/kg.

*p<0.05 compared to control. L indicates coronary ligation. R indicates

reperfusion.

■ Material and methods

Figure 3. Effect of ML213 on occluded zone and infarcted

zone.
Representative pictures of cardiac tissues from control and ML213

rats after I/R injury (left). Blue color represents the non-ischemic

area. Red indicates the occluded zone (OZ) and white indicates

the infarct zone (IZ). Quantification of infarct size in control (black

square, n=4) and ML213 (white square, n=6) mice (right). Left

ventricular (LV) area, OZ, and IZ were measured. Scale bar= 1 mm.

■ Reference

B
A B

A

Control

ML213

n VPC VT VF

Incidence
(%)

Count
(number)

Incidence
(%)

Duration
(sec)

Incidence
(%)

Duration
(sec)

Control 5 100 311.4±124.1 80 18.3±8.3 40 1.4±1.2

ML213
10 μg/kg

6 100 504.7±261.8 50 1.1±0.6 0 0

Figure 2. Effect of ML213 on (A) troponin I (TnI), and (B)

lactase dehydrogenase (LDH) in rats subjected to

myocardial I/R injury.
No significant differences are shown in TnI and LDH compared

to control group.

1. Testai L. et al. (2016) Expression and function of Kv7.4 channels in rat cardiac mitochondria: possible targets for cardioprotection. Cardiovasc Res. 110(1):40-50

2. Provence A. et al. (2018) Effects of novel subtype selective M-current activators on spinal reflexes in vitro: Comparison with retigabine. J Pharmacol Exp Ther. 

364(1):131-144

3. TOCRIS. https://www.tocris.com/products/ml-213_4519

Anesthesia
Urethane (1.25 g/kg)

Intubation
Cannulation
Thoracotomy

Rest: 
15mins

Reperfusion 
3 hr

Heart  isolation
Evans blue staining

Heart slicing 
TTC staining

Evaluatuin of 
infarct sizeIschemia 30 mins

20 mins 10 mins

Male

Sprague-Dawley rats

250-350 g

Drug injected via jugular vein

 Control: 0.1% DMSO in 

normal saline

 Drug: 10 μg/kg ML213

◀ ML213: N-(2,4,6-Trimethylphenyl)-

bicyclo[2.2.1]heptane-2-carboxamide

1. Administration of ML213 decreased the incidence and the duration of VT and VF (Table 1), and the level of serum troponin I (TnI), and lactate 

dehydrogenase (LDH) (Fig.2) in rats subjected to myocardial I/R injury.

2. According to the results, the treatment of ML213 at 10 μg/kg can effectively reduce the size of myocardial infarcted zone(Fig.3).

3. In conclusion, the results of this study suggested that the treatment of ML213 after ischemia for 20 minutes has a great potential to reduce 

myocardial I/R injury. Hence, we expected to develop ML213 into a new drug for myocardial I/R injury.

■ Conclusion and discussion

■ Introduction

https://www.tocris.com/products/ml-213_4519


Cytotoxicity and apoptosis induced by 3-Bromofluoranthene in murine macrophage
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Introduction
In recent years, the negative effects of air pollution on human

health are well concerned by the academics of health and public.
Polycyclic aromatic hydrocarbons (PAHs) are the main group of the
toxic, organic, and aromatic compounds exist in gaseous and
particulate phase in the air pollution. Macrophages, the effector cells of
the innate immune system, response to PAHs and relative air pollution
are associated with phagocytosis and degranulation. Up to now, there
no evidence shown the cytotoxicity and apoptosis of 3-
Bromofluoranthene (3-BF), a kind of PAH, on the RAW264.7
macrophages.

Materials & Methods
RAW264.7 cells were treated with 3-BF at the concentration of 1,

3, 10, and 30 μM for 24 hours. Cell viability, cytotoxicity, and apoptosis
were measured by MTT assay, LDH assay, and Annexin V/PI assay,
respectively. ROS generation, mitochondrial membrane potential
disruption, and NO production were measured by DCFH-DA assay,
JC1 assay, and Griess assay, respectively. Caspase 3/8/9 activities and
cytochrome c release were detected by assay kit. Phosphorylation and
expression of proteins were measured by western blot assay.

Conclusion

(4) 3-BF caused mitochondria disruption and cytochrome C 
release in RAW264.7 cells.

Reference
[1]Tzu-TingYang, et al. Characterization of particulate-phase polycyclic aromatic 
hydrocarbons emitted from incense burning and their bioreactivity in RAW264.7 
macrophage. 2017.220(Pt B):1190-1198.

(5) Caspase 3/8/9 activities caused by 3-BF in RAW264.7 cells.

Fig. 5. Effects of caspase 3/8/9 activities in RAW 264.7 cells. Cells were treated 
with 1, 3, 10, 30 µM 3-BF. (A) Caspase 3. (B) Caspase 8. (C) Caspase 9.

(6) Phosphorylation and expression of apoptosis related proteins 
in RAW264.7 cells.

Fig. 4. Effects of mitochondria disruption and cytochrome C release by 3-BF in 
RAW 264.7 cells. Cells were treated with 1, 3, 10, 30 µM 3-BF.

Fig. 6. Effects of phosphorylation and expression of proteins by 3-BF in RAW 
264.7 cells. Cells were treated with 1 , 3 , 10 , 30 μM.

學號:0601043、0601012      姓名:朱昱澄、鄭妍希 指導教授:關宇翔老師
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Results
(1) Cell viability caused by 3-BF in dose-dependent manner.

Fig. 1. Effects of 3-BF on RAW 264.7 cells viability. Cells were treated with 1, 
3, 10, 30 μM 3-BF for 24 hours. (A) Survival Rate. (B) Death Rate.

(2) 3-BF caused apoptosis in RAW264.7 cells.

Fig. 2. Effects of 3-BF induced apoptosis in RAW264.7 cells. Cells were treated 
with 1, 3, 10, 30 M 3-BF (A,B) Treated for 24 hours. (C) Treated for 6 hours.

Fig. 3. Effects of reactive oxygen species generation by 3-BF in RAW 264.7 
cells. Cells were treated with 1, 3, 10, 30 µM 3-BF for 24 hours.

(3) Reactive oxygen species generation was induced by 3-BF.
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Dissection of the Functional Effects of Dendrobium
Nobile in Ameliorating Muscle Wasting Induced by 
Interstitial Lung Disease
學號：0701071、0701098 姓名：蔡翔恩、魏銘逸 指導教授：吳俊錡

肌⾁萎減常⾒於各式慢性疾病患者或年⾧者⾝上，雖然關於肌⾁萎減的機轉已知甚
多，但是⽬前對於肌⾁萎減並無任何有效的治療以及預防⽅法，因此找尋能夠緩解或預
防此⼀病徵的藥物也就極為重要。⽯斛在神農本草經歸類為上品藥，功效廣泛，亦有典
籍紀載去有增⾧肌⾁的能⼒。因應中藥科學化以及開發⽯斛於疾病上之調節能⼒，瞭解
⽯斛緩解肌⾁萎減是否為⼀普遍性的功效，我們將建⽴肺疾病⼩⿏模式分析⽯斛萃取物
對於改善因間質性肺疾病所造成的肌⾁萎減的功效。

Abstract

Material & Methods
試驗分組及投予劑量：本試驗分成 4 組，分別為：控制組、⽯斛⽔萃低劑量、⽯斛

⽔萃⾼劑量，每組各 5 隻⼩⿏。第 1 天開始，對照組餵⾷⽣理⾷鹽⽔。⽽其他組別則連
續灌⾷ 21 天，每隔 7天進⾏⼩⿏握⼒測試，並於第 21 天進⾏犧牲，擷取其肺部與腿部組
織進⾏細胞學檢測或切⽚染⾊。

Results

Conclusion

圖一、肺纖維化疾病模式之建立

圖三、台灣石斛能減緩博來黴素所引起之肌肉流失情形

圖四、台灣石斛不影響肌纖維母細胞之生長

圖二、肺纖維化疾病模式之早期治療模式

我們實驗室成功建立了肺纖維化之動物疾病模式，經由動物實驗中的早期治療條件下，
看到台灣石斛可減緩博來黴素所誘導的肺纖維化，且能感善肌肉的流失。在細胞毒性測試
中，台灣石斛對於肌纖維細胞沒有毒性效應，顯現台灣石斛在肺纖維化疾病上具有療效，
其作用機轉值得探討。



不同濃度taurine對克雷白氏肺炎桿菌在LB培養液中的生長無明顯影響，
但在M9培養液中，突變菌株 (Δ tauA) 相較於野生菌株與補回株的生長受
到不同濃度taurine 的抑制；而在biofilm的實驗中，野生菌株及補回株，
於高濃度情況下同樣有被抑制的情形，此外，以克雷白氏肺炎桿菌餵食8
周大的BALB/c 公鼠，三天後犧牲小鼠，取腸黏膜與糞便進行菌數檢測後
發現，相較於對照組，有飲用添加taurine水的組別，在小腸黏膜中分布
的克雷白氏肺炎桿菌菌量較多。
針對在克雷白氏肺炎桿菌黏附過程中，扮演重要角色的第三型線毛的表
現，是否受到taurine的影響的實驗，目前正在進行中。
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Determining the mechanisms of Klebsiella pneumoniae niche expansion and adaption 
in the intestine: Elucidating the interaction with particular subsets of gut microbiota 

學號: 0601093 姓名:吳沛蓁 指導教授:賴怡琪

◆Introduction
克雷白氏肺炎桿菌 (Klebsiella pneumoniae) 是臨床上常見可造成化
膿性肝膿瘍、肺炎，與菌血症等嚴重感染且具有嚴重抗藥性的重
要致病菌。
由於腸道定殖 (Intestinal colonization) 是克雷白氏肺炎桿菌引發肝
膿瘍或菌血症前關鍵性的感染步驟，我們計劃藉由探討腸道擴展
的機制，進一步了解該菌的致病機轉。
牛磺酸 (Taurine) 為廣泛分布於動物組織中的有機酸，常見於提神
飲料當中，具有抗氧化特性，目前被認定為保健食品。實驗室先
前的研究中發現，當克雷白氏肺炎桿菌中負責運輸taurine的
transporter的基因 (Δ tauA)，被剔除後，突變菌株 (ΔtauA) 引起小鼠
腹腔感染的毒性顯著低於野生型菌株。這個結果暗示著taurine的
代謝可能參與在克雷白氏肺炎桿菌的致病過程，因此進一步探討
taurine對克雷白氏肺炎桿菌腸道定殖的影響。

In vitro growth 1 day
Culture medium:LB

◆Material and methods

Culture 
medium:LB

細菌濃度檢測

不同濃度taurine下模擬動
物腸道(加bile salt)

part 1

分為以下四個部份進行。
一、測試體外培養中taurine是否影響克雷白氏肺炎桿菌中的生長。
二、測試克雷白氏肺炎桿菌在不同濃度的taurine處理下形成biofilm
的情況。
三、口餵感染BALA/c 小鼠，測試克雷白氏肺炎桿菌腸道內定殖的
情況。
四、以西方墨點法檢測克雷白氏肺炎桿菌的第三型線毛蛋白的表現
程度是否受到taurine的調控。

Culture 
medium:M9 

part 2

part 3 part 4

不同濃度的taurine下，體外培
養原菌株、突變菌株

(ΔtauA) 、基因補回株
時間:1 day、8 hours crystal violet染色檢測細

菌biofilm

1 day、2days

口餵感染BALA/c 
小鼠

以抗體Rpos、mrka檢測克雷白氏
肺炎桿菌第三型線毛蛋白

刮取腸黏膜，檢測細
菌濃度

不同濃度的taurine下，體外
培養原菌株、突變菌株
(ΔtauA) 、基因補回株
每兩小時採一次蛋白

◆Result
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figure1.為實驗part1，體外培養，條件為每一菌管原液2c.c.，添加原液十分之一即200μl的菌
液，M9的組別額外添加原百分之一即20μl 20%glucose，LB的組別則無額外添加。
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figure2.為實驗part2，摸擬taurine對細菌產生Biofilm生長的情況，添加bile salt，並且以鋁箔膠帶將24 
well cell culture cluster密封，創造厭氧環境模擬腸道內的環境。每一well溶液量:500μl，菌液含量為
25μl。

Figure3.為實驗part3，腸道定殖，老鼠所喝的水為添加streptomycin(500mg/L)的水，使腸道內只有
此實驗菌種。採集小腸(分為三段)及大腸一段，總共四段的mucosa，並測試mucosa中所含的菌數。



Cutaneous mast cells initiate mechanical hypersensitivity via the activation of CREB 
following chemotherapy-induced peripheral neuropathy

Famous chemotherapeutic agents include platinum-based analogs (cisplatin, carboplatin and oxaliplatin), vinca alkaloids (vincristine, vinblastine and vinorelbine), 
taxanes derivatives (paclitaxel and docetaxel), epothilones (ixabepilone), thalidomide, and bortezomib (Addington and Freimer, 2016; Boyette-Davis et al., 2015). 
Oxaliplatin exerts their anti-neoplastic effects by forming platinum-DNA adducts that ultimately lead to cell cycle arrest and apoptosis (Farquhar-Smith, 2011). 
Vincristine, as with paclitaxel, inhibits the normal polymerization of beta-tubulin and its antitumor effect is therefore believed to be due to mitotic spindle dysfunction
(Jameshia and Joe, 2019).

Chemotherapeutic agents induce side effects affecting up to 70% of patients that brings up a dose-limiting usage depending on chemotherapy regimen, treatment 
duration, patient age, and concomitant therapies (Avan et al., 2015). Symmetrical sensory abnormalities, including numbness, tingling, hypersensitivity, and 
spontaneous pain, are occurred in patients treated with chemotherapeutic agents (Clark et al., 2013; Farquhar-Smith, 2011). This obvious incidence of pain symptoms 
is mainly resulted from chemotherapy-induced peripheral neuropathy (CIPN) (Park, 2014; Addington and Freimer, 2016).

Mast cells (MCs) play an essential role in both innate and adaptive immunity following neurogenic inflammation and a large body of literature demonstrates their 
possible functions by MCs degranulation (Gurish and Austen, 2012; Suto et al., 2006; Galli et al., 2005). Major inflammatory mediators, including the bradykinin, 
histamine, serotonin, serine proteases (tryptase and chymase), nerve growth factor, and various cytokines (TNF-α, IL-1β, and IL-6), are released from the granules 
(Wernersson and Pejler, 2014; van der Kleij et al., 2003; Kanda et al., 2004). According to recent studies, there is an increase in cyclic AMP response element-binding 
(CREB), induced by the activation of G-protein-coupled receptors, cause the release of inflammatory cytokine in a neuropathic pain model of rats.

1. How do platinum-based drugs (oxaliplatin) and vinca
alkaloids (vincristine) affect the introduction of mechanical 
hypersensitivity?

2. How does the integrity of primary afferents in the footpad 
skin following the treatments with oxaliplatin and vincristine?

3. How does the cutaneous distribution of MCs in the rats 
treated with oxaliplatin and vincristine?

4. Does the activation of CREB in MCs following the treatments 
of oxaliplatin and vincristine?

(1) Treatments with oxaliplatin/vincristine bring up mechanical hyperalgesia and mechanical allodynia; (2) reductions of NF200- and peripherin-ir SENFs
are observed in the footpad skin following oxaliplatin/vincristine treatments in a dose respondsive manner; (3) increased chymase-ir expressions are 
significantly detected in MCs after oxaliplatin treatments but not after vincristine treatments; (4) distribution of pCREB-ir MCs exhibits the similar pattern 
of oxaliplatin/vincristine-induced chymase-ir MCs. In summary, our observations suggest that involvement of infiltrated immune cells in CIPN, the 
possible underlying mechanisms, and their use as potential therapeutic targets to prevent and improve the painful peripheral neuropathy related to 
chemotherapeutic agents.

• Adult male Sprague-Dawley rats (200–250g) were performed a 
single intraperitoneal injection with oxaliplatin (6 mg/kg and 3 
mg/kg), vincristine (0.3 mg/kg and 0.1 mg/kg), and saline as 
Contol.

• Behavior examinatons: Mechanical allodynia – von Frey filaments 
(Senselab aesthesiometer, Somedic Sales AB, Stockholm, Sweden); 
Mechanical hyperalgesia -- Randall-Selitto paw pressure test 
(Ugo Basile, Italy).

• Immunohistochemistry: Sections of pads were incubated with 
primary antisera against: 

(1) neurofilament 200 (NF200)(1:1000, Sigma, St Louis, MO)
(2) peripherin (1:1000, Millipore, Bedford, MA),
(3) Mast cell chymase (1:100, Proteintech, Rosemont, IL) 
(4) phospho-CREB (pCREB) (1:250, Epitomics, Burlingame, CA) 
• Statistic analysis. * and # p < 0.05 indicated as a significant 

difference.

0701060洪俐、0701062許鈴 指導教授: 曾拓榮
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Figure 2 and 3. Influences of oxaliplatin and vincristin on subepidermal nerve fibers (SENFs) distribution in 
the footpad skin. The sections were immunostained with the antisera against neurofilament 200 (NF200) (Figure 2, 
left) , peripherin (Figure 3, right). Panel B showed the temporal changes of quantitative areas of immunoreactive (ir) 
SENFs. Scale bar = 50 μm.

Figure 4 and 5. Oxaliplatin- and vincristin-induced changes of cutaneous mast cells (MCs) distribution.  The 
sections were immunostained with the antisera against chymase (Figure 4, left) and phospho-CREB (pCREB) 
(Figure 5, right). Panel B showed the temporal changes of quantitative numbers of ir MCs. Scale bar = 50 μm.

INTRODUCTION

OBJECTIVES

MATERIALS AND METHODS

RESULTS

Figure 1. Mechanical hypersensitivity following the treatments with oxaliplatin 
and vincristin in Sprague-Dawley rats. The temporal changes of mechanical 
hypersensitivity were shown in (A) allodynia and (B) hyperalgesia. 

CONCLUSIONS
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Introduction

Investigation of the abnormal expression of chondroitin 

sulfate synthases in hepatocellular carcinoma

學號 0701009 姓名 吳柏叡
指導教授 劉烱輝

Liver cancer is the second-leading cause of cancer death, and

hepatocellular carcinoma (HCC) accounts for the most cases of it. The 

development of HCC is mainly attribute to the abnormal changes in

the microenvironment of liver, which usually result from viral hepatitis,

metabolic disorders, and alcoholic or non-alcoholic fatty liver disease.

Abnormal expression and composition of molecules in extracellular

matrix (ECM) in the microenvironment is a hallmark of cancer.

Glycosaminoglycans (GAGs) and proteoglycans (PG) are major

ground substance of ECM. Accumulated knowledge about GAGs and 

PG demonstrated that they can regulate cell growth, differentiation, 

morphogenesis, cell migration, and bacterial/viral infections.

A previous study indicated that chondroitin sulfate (CS) ,a kind of 

GAGs, overexpressed in HCC. Furthermore, a research suggested 

that overexpression of CHSY1, a CS chains elongase, led to a more 

malignant phenotype of HCC cells, a worse histologic grade, and poor 

survival. CHPF is another crucial CS chains elongase, but have 

different expression pattern in HCC tissue. We therefore investigate 

the functions of CHPF in HCC.

Material and Method

103

Tissue array & 

IHC

Transfection

Western blotting

Tissue array and immunohistochemistry (IHC) to analyze the 

expression of CHPF in HCC tissue array and in patients’ HCC tissues.

Cells were transfected with plasmids using RNAiMAX to knockdown 

CHPF in HA59T cells.

Western blotting was performed to detect the expression of CHPF in 

HCC cell lines.

Cell proliferation 

assay

Transwell assay

HA59T cells (2000 per well) were seeded into 96-well plates with 

culture medium, and analyzed at 48,72,96 and 120 hrs by using CCK-8.

HA59T cells (5x10^4 per well) were seeded into transwell, with uncoated 

filters to evaluate cell migration, and Matrigel coated filters for invasion.

Results
Expression of CHPF is significantly more abundant in 

peri-tumor than in tumor.
Immunohistochemistry stain was used on tissues of several patients 

with HCC. CHPF is highly expressed in peri-tumor,rather than in tumor 

(Fig. 1-1).

Fig. 1-1

Low-expression of CHPF in tumor is associated with a 

poor survival.

Tissue array of liver tissues from patients with HCC (n=90) , stained with 

immunohistochemistry, is graded into four levels, +0, +1, +2, +3 (Fig. 1-2), 

according to its expression of CHPF, and is grouped into two classes, 

tumor and peri-tumor. Statistical analysis shows that the peri-tumor class 

has a much higher staining level than the tumor class (Fig. 1-3) , and p 

value is significant (**p=0.0045) .

Fig. 1-2. Fig. 1-2. 

(+0,+1,+2,+3 respectively for <5%,5~20%,20~50%,50%<) 

F

Analysis of overall survival for patients with HCC shows the correlation  

(*p=0.0316) between low-expression of CHPF in tumor and poor survival 

(Fig. 2-1) . However, there is not significant difference in the class of peri-

tumor (Fig. 2-2) .

Fig. 2-1 Fig. 2-2

CHPF regulates malignant phenotypes of HCC cells.

We conducted transfection on HA59T because of its higher expression 

of CHPF,compared to several HCC cell lines (Fig.3-1) . Knockdown of 

CHPF (Fig. 3-2) increased the cell proliferation rate (Fig. 4-1) , and 

significantly enhanced cell migration (Fig. 4-2) and invasion (Fig. 4-3) . 
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These data suggested that CHPF is down-regulated in HCC tumor, and its 

low-expression in HCC tumor is associated with poor prognosis. Moreover, 

the repression of CHPF in HA59T enhances its proliferation rate and ability 

to migrade and invade.
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Experiment on Evaluating Melatonin Attenuating 
Cisplatin-induced  Cachexia

PRELIMINARY RESULTS

INTRODUCTION

METHODS

FUTURE WORK

Fig. 3. Western blot of Liver

Fig. 2. Biopsy Specimen of Kidney. 

Cachexia is a wasting syndrome mainly caused by the abnormality of hormone or metabolism of cancer patients. Cachexia may result
in reduced assumption of food, leading to muscular dystrophy, loss of weight and may severely influence quality of life.

Cisplatin is an antitumor drug used in the treatment of a wide variety of malignancies (head and neck, lung, testis, ovary, and breast). 
However, it has limited use in clinical practice due to its side effects, such as weakness, cachexia and nephrotoxicity.

Melatonin is a hormone produced by the pineal gland and plays a critical role in regulating the light:dark cycle, biological clock. 
Researches have shown that melatonin can act as a chemoprotective agent against toxicity induced by cisplatin while patients undergo 

chemotherapy. 
Cisplatin rodent model has been recognized as a simple and reproducible model with high clinical relevance. Nevertheless, the main 

weakness of the model, particularly mouse cisplatin model, is it is not standardized. Different dosage of cisplatin may lead to diverse 
results, leading to similar results when applied with melatonin.

Consequently, our research aims to test the relation between cisplatin and melatonin on determining cachexia using a standardized 
mice model.

1. The cisplatin rodent model would still be used, and the amount of cisplatin would be escalated to make further observation.
2. Aside from the proteins observed above, we will also observe other proteins to refine the results and for broader discussions. The 

proteins we plan to observe are NRF2, ho-1, PAKT, MTOR, PGSK3beta, CPARP, C-Caspase. These proteins are said to have relations 
with cisplatin-induced cachexia and nephrotoxicity. 

Adult male C57BL/6J Mice 
were performed. The mice were 
divided into 5 groups, with each 
group consists of 5 mice. 

Group 1: the control group
Group 2: melatonin (50 mg/kg) 

per day
Group 3: Cisplatin (5 mg/kg) 

per week
Group 4: cisplatin (5 mg/kg) 

per week and melatonin 
(25 mg/kg) per day

Group 5: cisplatin (5 mg/kg) 
per week and melatonin 
(50 mg/kg) per day

Cisplatin was fed via 
intraperitoneal injection, and 
melatonin via tube feeding

We observed the behavior and 
eating conditions of the mice 
every day, and sacrificed them on 
the third week. We took their 
kidney and liver for biopsy 
sample and western blot to assess 
the amount of specific proteins.

Fig. 1. Biopsy Specimen of Liver

學號：0701145，0701046，0701087 姓名：鄧庭安，黃楀筳，林敬傑 指導教師：謝逸憲 老師
Department of Biochemistry , School of Medicine, Chung Shan Medical University, Taichung, Taiwan

After the sacrifice of the mice, the 
liver and kidney organs of mice 
were extracted and subjected to 
Western blot analysis, which 
revealed no significant results of 
western blots. GAPDH as an 
internal control.

Biopsy Sample
In microscopic results, the control 

and melatonin group revealed 
normal kidney and liver cells. 
Cisplatin group showed extreme 
damage with numerous vacuolated 
cells. The cisplatin and melatonin 
group generally show moderate 
damage. The two cisplatin and 
melatonin 25mg/kg mice show 
different levels of damage.

DISCUSSIONS

1. According to the microscopic results, the cells of the control group and melatonin group are of normal appearances. To our 
expectations, the damage caused by cisplatin (observed from numerous vacuolated cells) was reduced, seeing that the vacuolization of 
the cisplatin and melatonin group was relieved. Yet, the cisplatin and melatonin 25 mg/kg group still need further evaluation as one 
indicated a higher level of recovery and the other didn’t.

2. As cisplatin induces inflammatory and cell apoptosis, we expected that the amount of protein associated with inflammatory and cell 
apoptosis such as Nrf2、ho-1、caspase 3、PARP would rise. However, the preliminary results didn’t show relevance between 
cisplatin and proteins. The reason why our results weren’t predictable may due to several variants, including the instability in
intraperitoneal injections and quantitative analysis, the rapid degradation of  protein sample, etc.. Further experiments are needed to 
figure out more reasonable conclusions.

Fig. 4. Western Blot of Kidney

107學年度 醫學系學生參與暑期研究計畫



107學年度 醫學系學生參與暑期研究計畫
Oral mTOR inhibitor (everolimus) for Tuberous Sclerosis Complex–Renal 

Angiomyolipoma/ Subependymal Giant Cell Astrocytoma -- The associated 

Outcome of Facial Angiofibromas
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INTRODUCTION

Facial angiofibromas occur in approximately 75% of individuals with tuberous

sclerosis complex (TSC), causing substantial cosmetic and disfigurement. Current 

therapies are partially effective but uncomfortable, produce scarring, especially expensive. 

Current study is to evaluate the efficacy of oral everolimus for TSC- angiofibromas.

MATERIAL and METHODS

This retrospective study reviewed TSC patients being treated of oral everlimus for SEGA 

/AML, recording the change of facial angiofibromas Angiofibroma Grading Scale (AGS, 

table 1) changes were recorded according to erythema, average lesion size, lesion density 

and percent involvement on forehead, nose, cheeks and chin. The sums were recorded 

before and after administration of oral everolimus. AGS were recorded before and after 

administration of everolimus (fig 1). 

Statistics: Man-Whitney U test and Fisher’s exact test

IRB: CS14161

Table 2 Demographic data of TSC patients 

administrated  with everolimus, N=21. 
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Figure 2. Change of facial angiofibromas before and after 

administration of everlimus. Photography(.upper), 

Microscopic (lower) 

RESULTS

Twenty- one patients being treated with oral everolimus were enrolled in this study. (table 2) 

The mean age was 20.5 years (range 11-44 years), included 4 male and 17 female . Clinically 

meaningful and statistically significant improvement in erythema (p=0.001), average lesion size 

(p<0.001), lesion density (p<0.001) and percent involvement (p<0.001) (fig 2 ,3). AGS were all 

statistically significant in forehead (p=0.001), nose (p<0.001) cheeks (p<0.001) and chin 

(p=0.004) (table 3). 

Table  3 Results of facial adenoma improvement with oral 

everolimus , N=21.

Figure 3. Tha change of facial angiofibromas in erythema , average lesion size , 

lesion density and  and percent involvement . 

Subjects of TSC being treated  

with everolimus for AML/SEGA, 

N=24

Medical  review

AGS recording

Administration of 

Everlimus

AGS recording, N=21 

Figure 1 Flow chart of the design 

CONCLUSIONS

Everlimus is currently evident and approved for both TSC - SEGA and AML, and 

limited study proved the treatment of oral everolimus for facial angiofibromas. Meanwhile 

studies had showed topical rapamycin is evident in reducing facial angiofibromas. Current 

study showed the efficacy of oral everolimus in reducing facial angiofibromas, 

demonstrated the parallel benefits of treatment protocol of TSC.

Before After

erythema average lesion size

lesion density percent involvement 

P=0.001 P<0.001

P<0.001 P<0.001

Variable Numbers Percent

Age (median, years) 12-44 (20.5) -

Gender (M/F) 4/17 19.1% / 81.0%

TSC gene (1/2) 5/12 23.8% / 57.1%

Main Indication

AML 13 61.90%

SEGA 9 42.86%

LAM 1 4.76%

Duration (years) 1-7.5 -

Dose

13 61.90%

9 42.86%

Adverse effect

Acne 8 38.10%

Stomatitis 4 19.05%

Diarrhea 2 9.53%

Before After P value

Forehead 0-4 (9) 0-7 (2) 0.001

Nose 4-12 (8) 2-9 (5) <0.001

Cheeks 0-11 (9) 0-10 (6) <0.001

Chin 0-12 (5) 0-12 (3) 0.004

Sum 5-50 (23) 2-39 (16) <0.001

Erythema Average lesion 

size

Lesion 

density

Sum Percent 

involement

Total

Forehead + + = x

Nose + + = x

Cheeks + + = x

Chin + + = x

Any pedunculated  

angiofibroma

Total Score

Table 1 The Angiofibroma Grading Score (AGS)



Exploring the potential effects of rutin on wound healing in 

streptozotocin-induced diabetic rats

Diabetes has been the fourth leading cause of death in Taiwan in recent years. Poor long-

term glycemic control would cause negative effects on marcrovascular and microvascular

diseases, as well as wound restoration. Bioflavonoids have antioxidant and anti-inflammatory

properties that are found in natural plants. Rutin (3',4',5,7-tetrahydroxyflavone-3-rutin) in

buckwheat not only has the characteristic in low glycemic index, but also helps regulate blood

sugar stability. Therefore, the aim of this study is to evaluate the effect of rutin on wound healing

in streptozotocin-induced diabetic rats.

In vivo study, the wistar rats were 8 weeks and 250 ± 50 g in weight. All rats were randomly

divided into three groups, including normal (Nor), diabetic (DM) and diabetic with rutin (DMR).

After induction of hyperglycemia (STZ 80 mg/kg body weight, i.p.) for 2 days, a 15*15 mm wound

was performed on the back of each rat. Then evaluate daily wound changes and conduct related

experiments.

Preliminary results showed that rutin has many benefits for diabetic rats, such as maintain the

weight, keep blood glucose in control and promote wound healing in STZ-induced diabetic rats.

The results of histopathological staining analysis also found the same effects that DMR group

has fewer vessels and a lower inflammatory cell density than other group. Therefore, it is

necessary to further investigate the molecular mechanism of rutin on wound healing in STZ-

induced diabetic rats.

ABSTRACT

INTRODUCTION

RESULTS

EXPERIMENTAL PARADIGM

Conclusions 
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Fig.1 Body weigt and blood glucose levels monitored during the treatment period. Note, that rutin

treatment significantly improves STZ induced loss of body weight (A). During the study period, the

level of blood glucose was significantly higher in both DM and rutin-treated rats compared with the

normal rats (B). * p<0.05 DM compared with the normal group, § p<0.05 DMR compared with the

normal group, # p<0.05 DMR compared with the DM group.

Fig.2 Histograms showed the serum level of biochemical markers and metabolic

functions(A-E). Note that diabetic rats cause to severe liver and metabolic

deficiencies. However, the rat treated with rutin successfully exerts beneficial effects

on liver and metabolic function in which almost all biochemical markers were

noticeably returned to nearly normal values.

Fig.3 Wound closure of

15-mm punch biopsies

was monitored for 21 days.

Typical photographs of

wound healing in each

group(A). The wound area

(B) and wound closure (C)

calculated with the NIH

Image J analyzer by

tracing the wound margin

and calculating the pixel

area. Note that rutin

improves wound healing in

the rats with STZ-induced

DM.

*p<0.05 DM compared

with the normal group, §
p<0.05 DMR compared

with the normal group,

# p<0.05 DMR compared

with the DM group.

Fig.4 Representative images of H&E-stained day 21

wound tissues (A-C). The double-headed arrows indicate

the width of the wound area. The dashed lines show the

outline of the neodermis regeneration and granulation

tissue. Note that rutin promotes wound re-epithelialization.

The inset of main figures shows that the fibroblast in the

DM group is more irregularly divided than in the normal

group and the DMR group. Scale bars: 200 μm

Fig.6 After 21 days of wounding, normal(A) , DM(B), and

DMR(C) groups Masson trichrome staining. Masson's

Trichrome-stained sections show clear strain-specific

differences in the deposition of collagen fibrils. At day 21

postwounding, normal and DMR rats presented an

organized and abundant deposition of collagen bundles,

while DM rats presented with sparse and disorganized

collagen bundles. The inflammatory cells (yellow arrow)

and blood vessels (black arrows) in the wound of the DM

group were significantly increased compared to the

normal and DMR groups. Inflammatory cells were

quantified using the Image J analysis software (D).The

DM group presented a larger population of inflammatory

cells, which is indicative of the persistence of the

inflammatory response. Scale bars: 50 μm

Rutin has an inherent antioxidant activity that protects organs from strong oxidative damage

while retaining bioenergy and reducing oxidative stress during DM, thereby reducing the

pathogenesis of DM-related metabolic defects. Based on preliminary findings, we have

demonstrated that rutin can effectively resist oxidative damage and inflammatory reactions caused

by DM, thereby promoting wound healing. These data demonstrate for the first time that antioxidant

treatment can accelerate wound healing in experimental diabetic rats. Prophylactic use of rutin in

clinically diabetic patients in the future may help prevent the development of incurable skin ulcers.
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DM

DMR

Normal

DM

DMR
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Fig.5 Immunoblotting and histograms show the effect of

rutin on antioxidant (A), inflammatory, and vascularization

related factor (B) during wound healing in experimental

rats. Note that wounds in rutin-treated DM rats may up-

regulate antioxidants and inhibit inflammatory responses.

* p<0.05 DM compared with the normal group, § p<0.05

DMR compared with the normal group,# p<0.05 DMR

compared with the DM group.

Diabetes is one of the most common non-communicable diseases (NCDs) in the world.

According to the Ministry of Health and Welfare in Taiwan, diabetes is the fourth of the ten

leading the causes of death. Diabetes is a complex chronic disease that causes glucose

induction, insulin secretion disorders, autoimmune-mediated beta cell destruction, or inadequate

compensation for insulin resistance. Complications including macrovascular and microvascular

diseases, neuropathy and slow wound healing are common in diabetic patients.

The wound healing process consists of four consecutive and overlapping steps: hemostasis,

inflammation, proliferation, and remodeling. Hyperglycemia can affect wound healing in diabetic

patients, severely leading to diabetic foot ulcers (DFU) and even amputation. In addition,

neuropathy is another complication of diabetes, which also exacerbates wound healing. The

repair process requires coordination of different cells, growth factors, and inflammatory

cytokines.

Bioflavonoids found in natural plants are natural pigments of fruits and vegetables, which have

beneficial effects on diabetes by improving glycemic control, lipid distribution and antioxidant

status. Among them, rutin (3‘, 4’, 5, 7-tetrahydroxyflavone-3-rutin) in buckwheat not only has a

low glycemic index, but also helps regulate the stability of blood glucose. Many studies have

found that rutin has anti-oxidant, anti-inflammatory, neuroprotective, nephroprotective, and

hepatoprotective effects.

Considerable oxidative damage and inflammatory responses are the major causes of delayed

DM-related wound healing and the function of rutin as an anti-inflammatory and antioxidant

substance. We hypothesized that rutin with inherent antioxidant activity could resist strong

oxidative damage during DM, thereby promoting wound healing. Therefore, this study aims to

evaluate the effect of rutin on wound healing in streptozotocin-induced diabetic rats.
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DMR

 

 
 



The risk of developing pneumonia based on

cumulative days of colchicine use. Individuals taking

colchicine for less than 8 days, more than 8 days but

less than 32 days, and more than 33 days had aHRs

of 1.33 (95%CI, 1.20-1.48), 1.45 (95%CI, 1.31-1.60),

and 1.47 (95%CI, 1.33-1.62), respectively. The risk of

developing pneumonia increased with duration of

colchicine use. Cumulative dose of colchicine was

divided into three groups: less than 9 mg, more than

9 mg but less than 24 mg, and more than 24 mg. The

aHRs were 1.38 (95%CI, 1.25-1.53), 1.43 (95%CI,

1.29-1.58), and 1.45 (95%CI, 1.31-1.60), respectively.

The risk of pneumonia increased with cumulative

dose of colchicine.

Results (continued)

The Association Between Usage of Colchicine and Pneumonia: 

A Nationwide, Population-Based Cohort Study

谷月涵
1 (0401008)、吳岳庭

1 (0401056) 指導教授：魏正宗
123

教授

Gout is the most common form of inflammatory

arthritis and has a considerable deleterious impact

on daily life. Colchicine is an anti-inflammatory drug

that is effective for treating and preventing gouty

arthritis. The previous study suggested that

colchicine may inhibit neutrophil function as well as

exert an immuno-suppressive effect ;and further

increase the risk of infection, such as pneumonia.

Thus, we investigated the potential relationship

between colchicine use and risk of developing

pneumonia.

Introduction
The results of Kaplan-Meier analysis revealed that

the cumulative incidence of pneumonia rose over

time, and can be observed in both the colchicine and

non-colchicine groups. Furthermore, the colchicine

group showed a higher cumulative incidence of

pneumonia than the non-colchicine group. (log-rank

test, p<0.001) [Figure 2]

Results

Methods and Materials
Taiwan’s National Health Insurance Research Database

(NHIRD) contains comprehensive health care data for

approximately 23 million beneficiaries, almost all

Taiwanese citizens. The Longitudinal Health Insurance

Research Dataset 2000 (LHIRD 2000) contains the

clinical information of 1 million beneficiaries randomly

selected from the NHIRD during the period 2000-2013.

This population-based nationwide retrospective cohort

study analyzed data from NHIRD from 2000 to 2013. The

study was approved by the Institutional Review Board of

Chung Shan Medical University Hospital.

A 13-year retrospective cohort study was conducted, and

all investigated subjects were identified by International

Classification of Disease, Ninth Revision, Clinical

Modification(ICD-9-CM), codes between 2000 and

2012. Propensity score matching was applied to adjust for

potential confounding variables, and then Cox

proportional hazard model was used to evaluate the

hazard ratio (HR) of pneumonia in gout and its

associations with colchicine use, colchicine dosage, and

days of colchicine use.

The comparison of incidental pneumonia between the

colchicine group and non-colchicine group was done by

Chi-square test and independent t-test. Kaplan-Meier

analysis was applied to evaluate the cumulative incidence

of pneumonia in the two groups and the log-rank test was

to test whether it was significant. Cox proportional hazard

model was used to evaluate the HR of pneumonia in

relation to colchicine dosage as well as days of colchicine

use, after adjustment for potential confounding variables.
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In the colchicine group, older age, male gender,
and all of the selected comorbidities were
associated with increased risk of pneumonia.
Moreover, the greatest magnitude of aHR could
be observed in patients with chronic liver disease.

Table 2｜ Subgroup analysis of puneumonia risk in gout patients with and 

without colchicine treatment by Cox proportional hazard model 

  Colchicine   Non-Colchicine   

  
N 

No. 

of Pneumonia 
 N 

No. 

of Pneumonia 
HR† (95% C.I.) 

Age       

20-64 8560 639  8978 418 1.58 (1.39-1.78) 

≧65 3645 1048  3227 709 1.36 (1.23-1.49) 

Gender       

Female 3582 505  3697 323 1.50 (1.31-1.73) 

Male 8623 1182  8508 804 1.40 (1.28-1.53) 

HTN       

No 7297 735  7467 504 1.46 (1.31-1.64) 

Yes 4908 952  4738 623 1.41 (1.27-1.56) 

CLD       

No 10369 1456  10440 994 1.41 (1.30-1.53) 

Yes 1836 231  1765 133 1.57 (1.27-1.94) 

CKD       

No 11957 1629  11959 1083 1.42 (1.32-1.53) 

Yes 248 58  246 44 1.37 (0.91-2.08) 

 p for interaction=0.869 

COPD       

No 11454 1451  11515 959 1.43 (1.32-1.55) 

Yes 751 236  690 168 1.40 (1.14-1.71) 

DM       

No 10462 1299  10370 872 1.39 (1.28-1.52) 

Yes 1743 388  1835 255 1.53 (1.30-1.79) 

 

Figure 3｜Comparison of cumulative incidences of pneumonia in the patients 

with and without taking colchicine
.

After adjustment for age, gender, and comorbidities,

the colchicine group exhibited a higher risk of

pneumonia compared with the non-colchicine group

[adjusted HR =1.42, 95% CI 1.32 to 1.53]. The

incidence of pneumonia were higher in gout patients

aged ≧ 65 years than in those aged 20~64 years, and

was higher in males than in females. Moreover, the

risk of pneumonia was higher in patients with HTN,

CKD, COPD, and DM (p<0.05).

Table 1.｜ Analysis of factors affecting pneumonia risk in gout patients 

treated with and without Colchicine by Cox proportional hazard model 

  

No. of 

Pneumonia 

event 

Observed 

Person-

Years 

Incidence 

Density 

(Per 1000 

Person-Years) 

Crude HR 

(95% C.I.) 

Adjusted HR† 

(95% C.I.) 

Colchicine    
  

No 1127 89638 12.6 1 1 

Yes 1687 90748 18.6 
1.48  

(1.37-1.59) 

1.42  

(1.32-1.53) 

Age      

20-64 1057 136667 7.7 1 1 

≧65 1757 43720 40.2 
5.37  

(4.98-5.80) 

4.41  

(4.06-4.80) 

Gender      

Female 828 54199 15.3 1 1 

Male 1986 126187 15.7 
1.03  

(0.95-1.12) 

1.26  

(1.16-1.37) 

HTN 1575 64894 24.3 
2.31  

(2.14-2.49) 

1.33  

(1.22-1.44) 

CLD 364 28135 12.9 
0.80  

(0.71-0.89) 

1.01  

(0.90-1.13) 

CKD 102 2416 42.2 
2.90  

(2.38-3.53) 

1.75  

(1.43-2.13) 

COPD 404 9566 42.2 
3.02  

(2.71-3.35) 

1.80  

(1.61-2.00) 

DM 643 23187 27.7 
2.04  

(1.87-2.23) 

1.63  

(1.49-1.78) 

 

Table 3｜ Analysis of pneumonia risk in gout patients based on Colchicine dose 

and duration using Cox proportional hazard model 

 N 

No. of 

Pneumonia 

events 

Observed 

Person-

Years 

Incidence 

Density 

(Per 1000 

Person-Years) 

Crude HR 

(95% C.I.) 

Adjusted 

HR† (95% 

C.I.) 

Cumulative days of Colchicine use 

No 12205 1127 89638 12.6 1 1 

<8 days 
3890 

481 29962 16.1 
1.27  

(1.15-1.42) 

1.33  

(1.20-1.48) 

8-32 days 
4207 

587 31204 18.8 
1.50  

(1.35-1.65) 

1.45  

(1.31-1.60) 

≧33 days 
4108 

619 29583 20.9 
1.66  

(1.51-1.84) 

1.47  

(1.33-1.62) 

Cumulative dose of Colchicine use 

None 12205 1127 89638.43 12.6 1 1 

Low (<9 mg) 3916 529 29599.42 17.9 
1.42  

(1.28-1.58) 

1.38  

(1.25-1.53) 

Median 

(9-24 mg) 
4198 552 31262.56 17.7 

1.40  

(1.27-1.55) 

1.43 

 (1.29-1.58) 

High (≧24 mg) 4091 606 29886.03 20.3 
1.61  

(1.46-1.78) 

1.45  

(1.31-1.60) 

 

may

infect

PneumoniaColchicineGout

1 Institute of Medicine, Chung Shan Medical University, Taichung, Taiwan,2 Department of Medicine, Chung Shan Medical University Hospital, Taichung, Taiwan, 3 Graduate Institute of Integrated Medicine, China Medical University, Taichung, Taiwan

Figure 2.｜ The study population selection protocol.

This nationwide population-based cohort study

revealed that colchicine use was associated with

higher risk of pneumonia in gout patients. Therefore,

it is crucial that gout patients taking colchicine be

prescribed the minimally effective dosage for as short

a duration as possible to minimize the risk of

developing pneumonia.

Conclusion

We found that colchicine increased the risk of

contracting pneumonia in gout patients. Our results

showed a 42% greater hazard of pneumonia in gout

patients using colchicine compared with gout patients

not using colchicine. The mechanism of colchicine to

relieve gout involves the inhibition of microtubule

formation. Disruption of microtubule formation may

cause adverse effects. Accordingly, as the effectivess

of neutrophils passing through blood vessels has

been reduced, they may not be able to reach tissue

and fight against bacteria.[Figure3] Hence, colchicine

is thought to affect the motility and deformability of

neutrophils in specific places at therapeutic doses.

The abovementioned findings support our hypothesis

that colchicine, an immunosuppressive drug widely

used in the treatment of gout, weakens the immune

system, rendering the patient prone to pneumonia

infection.

Discussion

Figure 4｜Main known mechanism of action of colchicine to microtuble and 
neutrophils
Reference：Imazio, M. and F. Gaita (2015). "Colchicine for postoperative pericardial effusions: not the magic 
bullet for all kind of pericardial diseases!" Heart 101(21): 1693-1694.

1. Roddy E, Choi HK. Epidemiology of gout. Rheumatic diseases clinics of North America. 2014;40(2):155-

75.

2. Kuo CF, Grainge MJ, Zhang W, Doherty M. Global epidemiology of gout: prevalence, incidence and risk 

factors. Nature reviews Rheumatology. 2015;11(11):649-62.

3. Kuo CF, Grainge MJ, See LC, Yu KH, Luo SF, Zhang W, et al. Epidemiology and management of gout 

in Taiwan: a nationwide population study. Arthritis Res Ther. 2015;17:13.

4. Hainer BL, Matheson E, Travis Wilkes R. Diagnosis, treatment, and prevention of gout. American family 

physician. 2014;90(12).

5. Chia EW, Grainger R, Harper JL. Colchicine suppresses neutrophil superoxide production in a murine 

model of gouty arthritis: a rationale for use of low-dose colchicine. British journal of pharmacology. 
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Never use of colchicine
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Excluded diagnosis of pneumonia 
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Excluded diagnosis of pneumonia 

before index date
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Propensity score matched 1:1 by 

age, gender, HTN, CLD, CKD, 

COPD, DM and diagnosis year of 

gout 
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Non-Colchicine
Propensity score matched 1:1 by 

age, gender, HTN, CLD, CKD, 

COPD, DM and diagnosis year of 
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Abbreviations: HTN, hypertension; CLD, chronic liver disease; CKD, chronic 

kidney disease; COPD, chronic obstructive pulmonary disease; DM, diabetes

Figure  1｜Study question
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Subepidermal nerve fibers mediate streptozotocin-induced mechanical 
hypersensitivity though the activation of protein kinase Cγ

0501009 蔡緗禾、0501056 林姿樺、0501086 馬碧虹 指導教授：曾拓榮

Through morphological analysis in the STZ-induced footpad skin to understand relationships between behavioral variability and primary afferents revealed the 
following new findings:
(1) we recognized the reductions of NF200 and peripherin-ir SENFs; (2) we detected the pPKCα-ir expressions were not significantly increased in SENFs; (3) the 
increased pPKCγ-ir expressions were detected drastically in SENFs. 
In summary, our observations suggested that activation of PKCγ in SENFs might contribute to modulate STZ-induced mechanical hypersensitivity, which provided 
novel therapeutic strategies for targeting medications in the periphery.

CONCLUSION

INTRODUCTION
According to the Ministry of Health and Welfare of Taiwan, Diabetes Mellitus (DM) currently affects almost 200,0000 people in Taiwan and the incidence rate is 
now giving a stable rise by developing 25,000 new patients annually. As acknowledged, DM brings complications , including neuropathy, retinopathy and 
nephropathy are the most common complications that are publicly known. About 70% of all people with DM will eventually develop diabetic  peripheral 
neuropathy (DPN) and accompanies an onset of pain symptoms in the form of hyperalgesia and allodynia that affecting the quality of life (Hsieh et al., 2017). 
Primary afferents in dermis, known as subepidermal nerve fibers (SENFs), has been used to evaluate the integrity of different types of primary afferents in the skin. 
For example, by immunohistochemistry, neurofilament protein 200kD (NF200) is expressed in the medium- and large-sized neurons of the dorsal root ganglion, 
which are restricted to recognize myelinated Aδ and Aβ fibers for peripheral sensitization (Lawson and Waddell, 1991).
Several studies demonstrate that various isoforms of protein kinase C (PKC) are strongly related to central sensitization through their signal transduction pathway. 
The conventional PKC, including PKC alpha (PKCα), PKC beta (PKCβ), and PKC gamma (PKCγ), play important roles in the regulation of a variety of cellular 
functions, making those attractive therapeutic targets for a host of clinical diseases (Souza et al., 2002; Zhao et al., 2011). For instance, the activation of PKCα is 
involved in the functional expression of extra-synaptic calcium-permeable AMPA receptors in the dorsal horn contribute to maintain complete Freund’s adjuvant-
induced inflammatory pain (Kopach et al., 2013). 

STZ, 60 mg/kg citrate solution 
(control)

Immunohistochemistry were performed with 
primary antiserum against neurofilament 200 
(NF200)(1:1000, Sigma, St Louis, MO), 
peripherin (1:1000, Millipore, Bedford, MA), 
phospho-PKCα (pPKCα)(1:250, Epitomics, 
Burlingame, CA) and phospho-PKCγ (pPKCγ) 
(1:250, Epitomics, Burlingame, CA).

Adult male Sprague-Dawley rats (200–250 g) 
were divided into two experimental groups
STZ, which was induced by a single 
intraperitoneal (i.p.) injection with streptozotocin
(STZ, 60 mg/kg)
Citrate, i.p. injected with a citrate solution as 
control

1

Body weight, blood glucose, and hemoglobin A1c 
(HbA1c) level were measured at post-injection week 
(PIW) 2, PIW 4 and PIW 8.

Mechanical hypersensitivity, such as hyperalgesia 
and allodynia, were assessed by the Randall-Selitto 
paw pressure test and von Frey filament test.

3

4

5

MATERIALS and METHODS

2

1

At the end of experiments, the rats were sacrificed 
by intracardiac perfusion of 4% paraformaldehyde 
in 0.1M phosphate buffer. Footpads were 
sectioned in a thickness of 30μm with a sliding 
microtome.

1. How does the phenomenon of hyperalgesia and allodynia 
occurred in the streptozotocin-induced animal model of DPN?

2. How does the STZ-induced DPN affect the integrity of primary 
afferents in rat’s footpad skin?

3. What is the temporal expression of conventional PKC isoforms 
in STZ-induced footpad skin?

OBJECTIVE RESULT

Figure 1. Metabolic parameters in streptozotocin (STZ)-induced diabetes mellitus (DM). Graphs showed the temporal changes of 
(A) body weights, (B) blood glucose levels, and (C) hemoglobin A1c (HbA1c) levels, in the STZ group (filled bars) and the Citrate 
group (open bars). * p < 0.05 indicated as a significant difference

Figure 2. Mechanical hypersensitivity 
following STZ induction in Sprague-
Dawley rats. The temporal changes of 
mechanical hypersensitivity were shown 
in (A) hyperalgesia and (B) allodynia. * 
p < 0.05 indicated as a significant 
difference.

Figure 3, 4. Influences of STZ on subepidermal nerve fibers (SENFs) distribution. The sections were immunostained with the 
antisera against (Figure 3) neurofilament 200 (NF200) and (Figure 4) peripherin at post-injection week. Panels showed the temporal 
changes of quantitative areas of immunoreactive (ir) SENFs. * p < 0.05 indicated as a significant difference. Scale bar = 50 μm.

Figure 5, 6. Effects of STZ on protein kinase C (PKC) expression in SENFs. The sections were immunostained with the antisera 
against (Figure 5) phospho-PKC alpha (pPKCα) and (Figure 4) phospho-PKC gamma (pPKCγ) at post-treatment week. Panels 
showed the temporal changes of quantitative areas of ir SENFs. * p < 0.05 indicated as a significant difference. Scale bar = 50 μm.
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Study on the progression and biological function analysis of endothelial cell 

specific molecule-1 (ESM-1) in chronic kidney disease

學號：0501127、0501050 姓名：初朝陽、林詩涵 指導教授：謝逸憲 教授

Introduction

Result

Background

Renal fibrosis is characterized by the accumulation of fibroblasts and excess

deposition of extracellular matrix (ECM). Endothelial-Mesenchymal Transition

(EndoMT), a newly recognized type of cellular transdifferentiation, in which

endothelial cells lose their specific markers and acquire a mesenchymal or

myofibroblastic phenotype. Endothelial cell specific molecule-1 (ESM-1) is a

soluble proteoglycan, which is shown to be related to the inflammation

reaction. However, the contribution of ESM-1 in the pathogenesis of chronic

kidney disease (CKD) has not been fully elucidated. Unilateral Ureteric

Obstruction (UUO) has become one of the most popular models of CKD due to

its capability of generating a progressive renal fibrosis. In this study, we

analyze the role of ESM-1 in CKD.

Materials & Methods

Unilateral Ureteric Obstruction (UUO) in C57BL/6 mouse was used as a CKD

model. Under inhalation of anesthesia with isoflurane, we operated unilateral

ureteral obstruction(UUO) surgery on their left ureters. The expression of

ESM-1 in tissue was investigated by Immunohistochemistry stain (IHC stain).

The expression of mRNA was measured by QPCR. The overexpression of

protein after transient transfected with GFP-ESM-1 plasmid in HK2 cells was

investigated by western blot and immunofluorescence assay. The expression of

EndoMT marker was measured by western blot. Wound healing assay was used

to investigate cell migration. Cell growth rate was detected via MTT assay and

colony formation.

Results

The results showed that ESM-1 increased in the kidney of UUO mouse, and the

expression of mRNA increased in the UUO mouse’s kidney at 7 and 14 days

after ureter obstruction. On the other hand, transfection with GFP-ESM-1

plasmid in HK2 enhanced the expression of ESM-1 and EndoMT marker, like

Vimemtin and MMP9. The data of wound healing also demonstrated that HK2

cell transient transfected with GFP-ESM-1 plasmid enhanced the ability to

migrate. However, the result of MTT assay demonstrated that transfection has

no influence in cell growth rate.

Conclusions

These results obviously demonstrate that the expression of ESM-1 increase

after ureter obstruction. And the overexpression of ESM-1 also increase

EndoMT relative proteins in vitro. In conclusion, we demonstrated the

association between ESM-1 expression and renal fibrosis. Thus, ESM-1 might

represent an important target for fibrotic disorders.

A

Figure 1. The expression of ESM-1 in mouse’s renal tissue were increased after

UUO surgery. (A) The displayed images are representative stains from the kidney of

UUO mouse. In IHC stain, renal tissue with ESM-1 is stained in brown. The atrophy

of renal tubules results in the white vacuoles and stands for renal fibrosis. As the

number of days increased, the expression of ESM-1 also increased. (B) The

expression of mRNA was detected in the UUO mouse’s kidney at 7 and 14 days after

ureter obstruction by qPCR. **, p<0.01; *, p<0.05.

B
**

*

Figure 2. The expression of ESM-1 was investigated via transfecting with

GFP-ESM1 plasmid in human normal cortex/proximal tubule HK2 cells. The

HK2 cells were transient transfected with GFP-ESM1 plasmid (3μg) and GFP-C1

plasmid (3μg) for 48 hours. Cell lysates were subjected to Western blotting with

anti-GFP antibodies.

Figure 3. The effect of ESM-1 on cell proliferation and colony formation of

human normal cortex/proximal tubule HK2 cells.

The HK2 cell transient transfected with GFP-C1 plasmid (3μg) and GFP-ESM1

plasmid (3μg) for 24 hours, 48 hours, and 72 hours. (A)The cell proliferation was

detected by MTT assay. (B) The cell colony was analyzed by colony formation assay.

Figure 4. The effect of ESM-1 on cell

migration ability of human normal

cortex/proximal tubule HK2 cells. The

HK2 cell transient transfected with GFP-C1

plasmid (3μg) and GFP-ESM1 plasmid (3μg)

for 48 hours. (A)The cell migration ability

analyzed with Boyden Chamber assay.

Figure 5. The expression of EndoMT relative proteins were analyzed via

transfecting with GFP-ESM1 plasmid in human normal cortex/proximal tubule

HK2 cells. The HK2 cells were transient transfected with GFP-ESM1 plasmid (3μg)

and GFP-C1 plasmid (3μg) for 48 hours. Cell lysates were subjected to Western

blotting with anti-GFP, anti-N-cadherin, anti-β-catenin, anti-MMP-2, anti-MMP-9,

anti-Vimentin antibodies. GAPDH was used as the loading control.

Conclusion
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Chondroitin Sulfate Synthase1(CHSY1) enhances 
proliferation of glioblastoma via PDGFRα signaling

學生: 林冠宏(0501040) 指導老師: 劉烱輝

Abstract
This project is part of our serial investigation to explore expression 
and biological functions of chondroitin sulfate synthases in glioma 
tissue and cells. In our previous projects, we found a CS modification 
enzyme, DSE, mediated malignant phenotypes of glioma cells. 
Furthermore, CHSY1 could be associated with high grade glioma, 
presenting by REMBRANDT data base and IHC stain of human tissue 
array. Our CHSY1-overexpressed (CHSY1-OV) model in glioma cells 
showed enhancing cell viability and orthotopic tumor growth, whereas 
silencing CHSY1 suppressed the cell malignancy. Our animal 
intracranial injection model also showed that CHSY1 over-expressed 
GL261 cells could enhance mice brain tumor volume. Four phospho-
RTKs was found in GL261 cells, especially PDGFRα was more 
activated in CHSY1 over-expressed cells. Western blots and immuno-
fluorescence stain both revealed strong relationship between CHSY1 
and PDGFRα. Thus, we hypothesized that PDGF could module cell 
proliferation in CHSY1-mediated glioma progression. Crenolanib, 
an antagonist targeting PDGFR, was used in vitro and in vivo. 
Proliferation assay indicated that cell viability was down-regulated by 
Crenolanib in contrast to solvent (5% glycerol as control). Furthermore, 
less colonies were observed in group of Crenolanib. Finally, our 
animal model stood for which could prolong survival.

Background
Malignant gliomas are among the most aggressive human cancers in 
less than 35 years population worldwide. It is known that Chondroitin 
sulfate (CS) and CS proteoglycans (CSPG) are abnormally 
accumulated in human glioma, but the underlying mechanisms remain 
unexplored.
According to our previous studies (2018 data), CHSY1 could be 
associated with high grade glioma (Fig.1). CHSY1 gene was transfect 
into GL261, whereas it was knockdown by siRNA in A172 and U118 
cell lines. Subsequently, cell viability was examined by CCK8 assay, 
showed CHSY1 could increase proliferation (Fig.2A). In addition, 
orthotopic glioma mouse model indicated that CHSY1 over-expressed 
GL261 cells could increase mice brain tumor volume (Fig.2B).

Fig.1 CHSY1 is associated with high grade glioma (glioblastoma multiform=GBM)
(A)(B) [REMBRANDT]CHSY1 hyper-expressed in GBM patients, decreasing survival.
(C)(D) [IHC stain of CHSY1; human tissue array]CHSY1 hyper-expressed in high grade 
glioma, but absented in normal brain. (※Scoring standard: 0% +0; 0~25% +1; 25~50% +2; >50% +3)

B

Fig.2 CHSY1 increases cell 
proliferation in vitro and in 
vivo
(A)[CCK8-proliferation assay]
CHSY1-OV showed 
enhancing cell viability, 
whereas silencing CHSY1 
was suppressed. 
(B)[HE stain of C57BL/6J 
mice glioma]
CHSY1 could increase 
glioma volume in our 
intracranial injection model.
(※tumor volume was calculated 
using the formula: a × 𝑏𝑏2 × 0.4 )
To know more about our animal
model, please take a look at my
poster in 2018.                        →

Material and Method

• Stable clones were selected in G418 for 2 weeks.
• Western blots was used to examine several proteins’ expression.

Clonal 
Selection

• For phospho-RTK array assay, cells were serum starved for 3 hours, and then stimulated 
with FBS (10% in final) for 15 minutes. 300 µg of protein lysate were applied to phospho-
RTK array Kit (R&D SystemsTM) according to manufacturer’s protocol.

P-RTK
Array

• Cells were serum starved for 3 hours, and then stimulated with PDGF-AB for 5 minutes 
and 15 minutes. Collected cell lyase to run western blots.

• Crenolanib, a PDGF antagonist, was used in vitro and in vivo to examine cell behaviors.

PDGFR
Signaling

Researches

• 8 weeks male C57BL/6J mice were stereotactically injected into the right cerebral 
(2 × 105 CHSY1-OV cell). Mock cells (normal GL261) were injected in different mice as control.

• For survival analysis, mice were intraperitoneal inject with 15 mg/kg of crenolanib or 
equivalent 5% of glycerol (solvent) on the day after GL261 transplantation for 7 serial days.

• Mice were euthanized while reaching end-point, brains were fixed by 4% paraformaldehyde
for PDGFRA immunofluorescence staining.

Animal 
Experiment

• CHSY1 plasmids (pcDNA3.1) was transfected into GL261 cells using Toolstrong reagent; 
Empty pcDNA3.1 plasmid was used as mock transfectant for control. 

• U118 and A172 cells were transfected with CHSY1-targeted siRNA (purchase from 
Dharmacon) using Lipofectamine RNAiMAX (Invitrogen) for 48-72 hours. Consi is which 
untreated with siRNA, serving as mock transfectant for control.

Transfection

Results
Four phospho-RTKs was found in GL261 cells, especially PDGFRα was 
more activated in CHSY1 over-expressed cells (Fig.3A). PDGF-AB
stimulating experiment indicated that p-PDGFA was upregulated by
CHSY1(Fig.3B/3C). Interestingly, we we found total PDGFRA hyper-
expressing in CHSY1-OV cells but decreasing while CHSY1 was
knockdowned (red circle). Immunofluorescence stain from animal
experiment directly point out relationship between CHSY1 and
PDGFRA(Fig.3D). On the other hand, cell viability was down-regulated by
using Crenolanib (a PDGFR inhibitor)(Fig.4A/AB). Animal survival
experiment also pointed out that Crenolanib could prolong survival in
CHSY1-OV group.(Fig.4C)

Fig.3 PDGF could module cell proliferation 
in CHSY1-mediated glioma progression.

(A)[phospho-Receptor Tyrosine Kinase array]
4 p-RTKs was found in GL261 cells, 
especially PDGFRα was more activated in 
CHSY1 over-expressed cells. In contrast,
PDGFRA was down-regulated while CHSY1
was silenced in A172 cells.

(B)(C)[WB of PDGF-AB stimulating
experiment]
Total/p-PDGFA were both upregulated by 
CHSY1. ERK, AKT, STAT3 are 
downstreaming kinases and transcription
factor of PDGFRA.
※Cells were first serum starved for 3 hours, and 
then stimulated with PDGF-AB for 5 minutes and 
15 minutes. 

(D)[Immunofluorescence of mice brain tissue]
PDGFRA is upregulated by CHSY1.

Discussion

Fig.4 Crenolanib inhibits glial cell proliferation
in vitro and in vivo 
(A)[CCK8-proliferation assay]
Crenolanib decreased cell viability via inhibiting
PDGFR pathway.
(B)Colony number count.

(C)[orthotopic glioma mouse model and
Crenolanib therapy]
Crenolanib could prolong survival in CHSY1-OV
mice. However, it appeared to be unsensitive to
Mock mice.

Postsurgical

Crenolanib/
Glycerol
(i.p.)

＊Crenolanib=Cre
＊Glycerol=Gly~7

Identification of the specific pathways critical in individual tumors is 
believe to improving therapy for glioma. In this study, we show that 
CHSY1 is not only a prognostic factor for poor survivals of glioma, but 
also activate PDGFRA pathway to promote tumorigenesis. In addition to 
its potential as a therapeutic target in GBM, CHSY1 may help to identify 
tumors that are more dependent on PDGF signaling.2018

Poster



研究題目：Explore protective mechanism of natural extracts to lipopolysaccharide-induced acute lung injury 
in the mouse model
學號：0601144、0601145、0601149 姓名：簡昭雯、張心榆、曾晨熙 指導教授：關宇翔
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Acute lung injury (ALI) is a serious disease 
with high morbidity and mortality rate. 
Nevertheless, an effective treatment strategy 
for ALI is yet to be developed. Seven extracts, 
named A1 to A7, from traditional medicinal 
herbs were provided by GRAPE KING BIO 
LTD. In previous studies, extracts possesses 
several advantageous bioactivities such as 
antioxidation , anti-inflammation, and 
anticancer. In present study, we aimed to 
investigate the protective effects and 
mechanisms of A7 on endotoxin, 
lipopolysaccharide (LPS)-induced ALI.

Background

H&E stain assay

Oral administration 
(200μg/day for 3 days)

Intraperitoneal administration
(200 or 400μg)

Bradford assayFlow cytometry analysis

CD45+ CD11b+

/ CD45+

LPS
(100μg by nasal administration 

for 24 hrs)

Ly6G+/ 
CD45+

BALF Histology

Protein 
leakage 

OR

Total 
cells

mRNA

RT-PCR

Material & Methods

Results
• Protein leakage and total cells infiltration 

into BALF reduced by A2, A6, and A7 

Fig. 1. A2, A6, and A7 significantly 
inhibited protein leakage in BALF. 

Fig. 2. Leukocytes infiltration into 
BALF were decreased by A2, A6, 
and A7. 

• Leukocytes type in BALF is 
classified by three surface markers 
by flow cytometry analysis.

Fig. 3. Effects of A2, A6, and A7 inhibited leukocytes 
infiltration into BALF

Fig. 4. Effects of A2, A6, and A7 inhibited granulocytes 
infiltration into BALF

Fig. 5. Effects of A2, A6, and A7  inhibited 
neutrophils infiltration into BALF

• Histopathological changes in lungs of 
LPS treated mice reduced by A2, A6, 
and A7

• The level of mRNA expression measured by real-
time quantitative PCR

Conclusion
This study indicated that A7 inhibited the mRNA expression of pro-inflammatory 
cytokines, the mediators, the adhesion molecules, NF-κB, Bcl-2 family, p53, and 
caspases. Furthermore, A7 upregulated the activity of antioxidant enzymes. In 
conclusion, A7 may protect LPS-induced ALI mice through inhibiting NF-κB
pathway, apoptotic pathway and up-regulating antioxidant enzymes.

1. Chin J Physiol. 2018 Jun;61(3):171-180 Zerumbone from Zingiber zerumbet Ameliorates Lipopolysaccharide-Induced ICAM-1 and Cytokines 
Expression via p38 MAPK/JNK-IκB/NF-κB Pathway in Mouse Model of Acute LungInjury.
2. Chem Biol Interact. 2017 Jun 1;271:9-14. Zerumbone reduced the inflammatory response of acute lung injury in endotoxin-treated mice via 
Akt-NFκB pathway.
3. Int Immunopharmacol. 2017 May;46:194-200. Protective effect of zerumbone reduces lipopolysaccharide-induced acute lung injury via 
antioxidative enzymes and Nrf2/HO-1 pathway.

References

Fig. 6. Effects of A2, A6, A7 pretreatment on histopathological 
changes of lung tissues

Fig. 8. The level of Bcl-2 family, p53, and caspases mRNA 
expression were regulated by A7.

Fig. 9. The level of pro-inflammatory cytokines mRNA 
expression were regulated by A7.

Fig. 7. The level of antioxidant enzymes mRNA expression 
were regulated by A7.
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Pre-treatment with Solanesol attenuates myocardial ischemia- reperfusion injury.
學號：0601090   姓名：洪禮恩 指導教授：黃相碩

According to the press release of the Ministry of Health and Welfare,
nearly 21,000 Taiwanese died of cardiovascular disease in 2016.
Hence, the prevention and proper treatment for cardiovascular disease
had since became a crucial topic.

Solanesol, an extraction from tobacco leaves, has been used as an
intermediate for the synthesis of ubiquinone drugs such as coenzyme
Q10. There are several reports show that coenzyme Q10, the derivative
of Solanesol, protects myocardium from ischemia-reperfusion (I-R)
injury by improving recovery of mechanical function, ATP,
phosphocreatine, and preserved mitochondrial function by improved
FADH- dependent oxidation during reperfusion. Recently, we found
that pre-treatment with Solanesol significantly decreased the mortality
and ventricular fibrillation in rat subjected to myocardial I-R injury.
However, the mechanism of the cardioprotective effects of Solanesol
remains unknown.

The purpose of this study is to investigate the signal pathways
involved in Solanesol which exerts cardioprotective effects in rat
subjected to myocardial I-R injury.

INTRODUCTION

The left main coronary artery of anesthetized rats were subjected to
60 mins ligation and 3 hours reperfusion to induce myocardial I-R
injury. Myocardial infarct volume was evaluated histochemically with
TTC staining of the ventricle. The mortality and arrhythmia of rats
were calculated. Western blot has been carry out in order to find out
the mechanism that vary the results of myocardial I-R injury.

METHODS AND MATERIALS

1. Anesthetize

2. Cannulation of the trachea, vein and artery

3. Thoracotomy

4. Separated into 3 groups : 
Control(DMSO) , Sol-100, Sol-10

5. Drug Absorption 
*Rest for 15mins

6. Ligation

7. 1hr Ischemia + 3hrs Reperfusion
*monitoring EKG, BP, HR

Evan’s Blue & 
TTC Staining

Western Blot

RESULTS
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• The data of  heart rate (Fig. A) and the mean blood pressure (Fig. B) were recorded by physiological 
recorder during myocardial I-R injury. Solanesol-100 μg/kg doesn’t change the hemodynamic parameters.

REFERENCES
1. Wang.YH et al. (2016) “Lumbrokinase attenuates myocardial ischemia-reperfusion injury by inhibiting TLR4 
signaling.” J Mol Cell Cardiol. 99, 113–122.
2. Ning.Y et al. (2017) “Solanesol Biosynthesis in Plants.” Molecules 22, 510.
3. Ning.Y et al. (2015) "Solanesol: a review of its resources, derivatives, bioactivities, medicinal applications, and 
biosynthesis." Phytochemistry Reviews 14, 403-417.

Table 2a. Effect of Solanesol on Arrhythmias Induced by myocardial I-R injury in rat during 
Ligation 

n VPC
Count (number)

VT VF

Incidence (%) Duration (sec) Incidence (%) Duration (sec)

Control 12 94.92 ± 12.23 100 9.56 ± 0.96 33.33 80.61±11.27

Solanesol-10 
μg/kg 3 98.00 ± 15.63 100 46.53±20.59 0 * 0 *

Solanesol-
100μg/kg 7 89.14 ± 7.79 42.86 3.17±0.78 * 0 * 0 *

Table 2b. Effect of Solanesol on Arrhythmias Induced by myocardial I-R injury in rat during 
Reperfusion

n
VPC
Count 

(number)

VT VF

Incidence (%) Duration (sec) Incidence (%) Duration (sec)

Control 12 384.11±50.50 16.67 12.57 ± 3.93 16.67 17.57 ± 5.52
Solanesol-10 

μg/kg 4 496.67±100.07 33.33 2.18 ± 1.03 0 * 0 *

Solanesol-
100 μg/kg 7 118.57±27.71 14.28 0.07 ± 0.03 * 0 * 0 *

• The results are shown as the mean ± SEM . * P<0.05 as compared with control.

CONCLUSIONS
 In this study, it showed that the administration of Solanesol at 100
μg/kg significantly suppressed the incidence of VF, the duration of
VT and VF, and completely prevented mortality during
myocardial I-R injury. It also decreased myocardial infarction,
activity of LDH, CPK and Troponin-I level, markers of cellular
damage in rats after myocardial I-R injury.

Our results indicate that Solanesol at 100 μg/kg is a potential
cardioprotective agent in rats with myocardial I-R injury. The
signal pathway underlying Solanesol is still under investigation.
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• The effects of Solanesol on plasma troponin-I level (Fig. C) ,  LDH activity (Fig. D) and CPK activity 
(Fig. E) at the end of I-R injury. * P<0.05 as compared with control.

SHAMCONTROLSOL-100

GADPH

BAX

CASPASE 3

TLR2

• Solanesol decreased the appearance of 
Toll  Like Receptor 2  which reduce 
the amount of macrophages.  

• There is no significant changes of 
BAX compare with GADPH. 

• There is no significant changes of 
caspase 3 active form compare with 
GADPH. 



Apple polyphenol protect diabetes from nephropathy and retinopathy
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Introduction

Materials & Methods

Re s u l t s

 Experimental process

 Statistical analysis

Reference
Renu A. Kowluru, Manish Mishra, Epigenetic regulation of redox signaling in diabetic retinopathy: 
Role of Nrf2, Free Radical Biology and Medicine, Volume 103, 2017, Pages 155-164

Discussion



Proteoglycan is the main component of peripheral nerve extracellular matrix (ECM) in the
tissue. ECM provides structural support and guides neurites extension, ion channel arrangement
in development of the nervous system. Syndecans, a kind of proteoglycan, are a family of
transmembrane heparan sulfate (HS) proteoglycan which interacts with growth factor receptors
after injury. We studied especially on neural syndecan-3 (S3) and syndecan-4 (S4), which both
are rich in the perinodal process of Schwann cell (Goutebroze et al., 2003).

Voltage-gated sodium channels, Nav1.1, Nav1.2, and Nav1.6, are distributed in axons and
dendrites of both sensory and motor neurons in the peripheral nervous system. The Nav1.6
channels are specific concentrated at nodes of Ranvier and involved in the action potential
conduction. During peripheral nerve regeneration, Nav1.6 is rapidly detected at new nodes
(Caldwell et al., 2000). The re-distribution of syndecan might contribute to Nav 1.6 clustering
and the node of Ranvier re-formation.

In this study, the animal model of peripheral nerve injury (PNI) was established by
performing the end-to-side neurorrhaphy (ESN) of musculocutaneous nerve (McN) to ulnar
nerve (UN) (Liao et al., 2009), which provided an animal model of peripheral nerve injury for
detecting changes of syndecan-3, syndecan-4 and Nav1.6.

To determine the presence of fusion proteins and protein interactions of syndecan and
sodium channels at the node of Ranvier, S3, S4, and Nav1.6 expression were investigated by
immunofluorescence and proximity ligation analysis (PLA) at one month and three months post-
neurorrhaphy.

As attempts to quantify the specific expression of syndecan, Nav1.6 and MMP9 were further
assessed by western blot analysis. Sticker removal grooming test was applied to evaluate the
functional recovery of the recipient nerve. Based on our results, we proposed that the re-
establishment of S3 could mediate Nav1.6 re-clusterization at the node of Ranvier, which is
essential for rapid movements and subsequently shortening the time of elbow-flexion.

Materials and Methods

1. Goutebroze L, Carnaud M, Denisenko N, Boutterin MC, Girault JA, Syndecan-3 and syndecan-4 are enriched in 
Schwann cell perinodal processes. BMC Neurosci 2003; 4:29.

2. Caldwell J, Schaller K, Lasher R, Peles E, and Levinson R, Sodium channel Nav1.6 is localized at nodes of Ranvier, 
dendrites, and synapses. PNAS 2000; 97(10) 5616-5620.

3. LIAO WC, CHEN JR, WANG YJ, TSENG GF, The efficacy of end-to-end and end-to-side nerve repair (neurorrhaphy) in the 
rat brachial plexus. Journal of  anatomy 2009;  215: 506-521.
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Results

Fig. 1 Redistribution of syndecan-3/ syndecan-4 and Nav1.6 at nodal regions of the regenerating nerve 1-3
months after ESN. Diagram (A) illustrated the distribution of syndecans and Nav1.6 at the node of Ranvier
(N), paranode (PN), and juxtaparanode (JXP) of a myelinated nerve fiber.
Confocal photomicrographs showing the distribution of Nav1.6 (green) and syndecan-3/4 (red) in sham-op
(B1 and C1), ES1M (B2 and C2), and ES3M (B3 and C3) rats. After the labeling, tissue sections were
counterstained with Hoechst33342 (blue). Note that the majority of Nav1.6 antibody was localized at nodes
of Ranvier of the sham-op group (arrow in B1, C1), while Nav1.6 channels were scattered throughout the
small-diameter regenerating nerve 1 month following ESN (Fig. B2, C2). After 3 months, Nav1.6 channels
underwent a structural rearrangement at the node of Ranvier (Fig. B3, C3). Syndecan-3 and syndecan-4 both
were co-localized with Nav1.6 channels at the nodal region (arrowhead B3, C3). Scale bar = 25 μm.

An investigation of neural syndecan in regenerating axons after neurorrhaphy

Confocal photomicrographs showing the distribution of
Nav1.6 and Syndecan-3/ Syndecan-4 expression in the regenerating axons.

Introduction

References

Immunoblotting of sodium channels and syndecan proteins in nerve tissues.

Results

Fig. 3 Immunoblotting (A) and histogram (B-E) showing expressions of syndecan-3, syndecan-4, Nav1.6, and
MMP9 in nerve tissues of sham-op and 1- to 3- month ESN rats. Average values ± SD from three experiments
was shown. Note that the expression of each protein increased 1 month following ESN. *P < 0.05 compared
to sham-op group. #P < 0.05 compared to ES3M group.

Sham-OP ES1M ES3M

Proximity ligation 
analysis

Sticker removal grooming test

Immunofluorescence 
stain 

Fig. 2 Proximity ligation analysis (PLA) showing interaction between Nav1.6 and Syndecan-3 in regenerating
nerve tissues of sham-op and 1- to 3- month ESN rats. Diagram (A) illustrated the detective process of
protein-protein interactions. The protein partners are targeted with two antibodies raised in different species
and secondary antibodies (PLA probes). Two close circularization oligonucleotides were hybridized to the PLA
probes and then ligated together, forming a circular DNA strand with red signals. (B) The recipient nerve was
detected by using PLA. The red PLA signal indicating the interaction between Nav1.6 and syndecan-3 was
observed in the node of Ranvier. After the labeling, nuclei DNA were counterstained with Hoechst33342
(blue). Values are present as mean ± SD. Scale bar = 50 μm.

Proximity Ligation Analysis detecting the interaction between
Nav1.6 and Syndecan-3 in the regenerating axons.

Sham-OP ES1M ES3M
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nd
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(B)

Sticker removal grooming test

Discussion & Conclusion

Fig. 4 Sticker removal grooming test was performed to evaluate the functional recovery after ESN. Time
spent on removing a sticker placed from the ipsilateral ear was recorded in sham-OP, ES1M, ES3M rats. Note
that the time of grooming test was significantly longer in ES1M rats compared to that of sham-OP rats by *P
< 0.05. #P < 0.05 compared to ES3M group. N = 6 for each group. Values were mean ± SD.

Sham-OP ES1M ES3M

Immunoblotting 

End-to-side neurorrhaphy (ESN)

(A)  Health nerve

10.0 ± 3.8 2.0 ± 1.7 4.0 ± 2.0

*

* * #

* #

Sham operation group ES1M group ES3M group
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Nav1.6 
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Redistribution of
Nav1.6
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1. The increased syndecan-3 deposited at the nodal gap after ESN and stabled the clustering of Nav1.6

channels that ensure the generation of the action potentials and muscle power.
2. Syndecan-3 may be a key role that controls channels opening.
3. The role of syndecan-4 will be further investigated in the regenerating nerve after neurorrhaphy.



Cardioprotective effect of Fisetin in rats subjected 
to myocardial ischemia-reperfusion injury 

Results and conclusion

Material and methods

⚫ Materials
Male Sprague-Dawley rats (250-400g)
⚫ Methods

Discussion

Anesthesia
cannulation of carotid 
artery and jugular vein

thoracotomyligation
1 hr ischemia &
3 hr reperfusion

heart section 
& TTC staining

heart isolation and 
Evans blue staining

Infarct size measurement
&

Western Blot Analysis

Intubation

Monitor BP, HR and EKG

Drug

Studies have suggested that oxidative stress which cause by
reactive oxygen species and free radicals are related to myocardial
ischemia-reperfusion (I/R) injury. Thus, antioxidants and free
radical scavengers which can provide significant cardioprotective
effect might become important strategies for the treatment of
myocardial I/R injury.
Fisetin (3,3’,4’,7-tetrahydroxyflavone) is a bioactive flavonol
molecule, and found in fruits and vegetables such as strawberry,
apple, persimmon, grape, onion, and cucumber at concentrations
in the range of 2–160 μg/g [1]. However, Fisetin exerts its effective
antioxidant activity through multiple mechanisms such as
reinforcing enzymatic and non-enzymatic intracellular antioxidants,
chelating transition metal ions and acting as a substrate for
oxidoreductase activity. Furthermore, several studies indicated
that Fisetin is a promising novel antioxidant, since it can transmit
through cellular membranes and interact with diverse redox-
related signaling pathways which included NF-κB, Nrf2, MAPK, and
PI3K/Akt signaling pathways [2]. Hence, the aim of this study is to
investigate the potential cardioprotective effects of Fisetin on
myocardial I/R injury in vivo, as well as the underlying mechanisms.

0401012 0401063 侯俊宏黃婉婷
指導教授：黃相碩 教授
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✓ During the I/R period, there was no significant alterations in mean
blood pressure and heart rate between control group and Fisetin-
treated group, which indicated that the administration of Fisetin did
not affect hemodynamic parameters in rats subjected to myocardial
I/R injury (Fig. 1&2).

✓ As shown in Fig. 3, the results suggested that treatment with Fisetin
10-4 g/kg decreased the amount of plasma creatine kinase (CPK) and
Troponin I, and also significantly decreased the levels of lactate
dehydrogenase (LDH), which was consistent with the findings that
Fisetin significantly decreased the myocardial infarct size (white
area) among occluded zone and ventricle weight after myocardial
I/R injury (Fig. 4).

Introduction

✓ Fisetin may be considered as a potential preventive treatment 
for cardiac diseases or post-coronary revascularization in which 
no-reflow often occurs.

✓ We will investigate PI3K/Akt signaling pathway and the 
underlying mechanisms of the cardioprotective effects of Fisetin
in the future. 

Fig. 4

Control

Fisetin

Fig. 2

Fig. 3Fig. 1

LDH Troponin I CPK

Reference
[1]. N. Khan; D.N. Syed ; N. Ahmad ; H. Mukhtar. Fisetin: A dietary antioxidant for health promotion.
Antioxid. Redox Signal. 2013, 19, 151–162.
[2]. A.F. Naeimi ; M. Alizadeh. Antioxidant properties of the flavonoid Fisetin: An updated review of in
vivo and in vitro studies. Trends in Food Science & Technology, 2017, 70, 34-44
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Fig. 5

✓ In conclusion, we confirm that Fisetin might regulate PI3K/Akt
pathway to perform cardioprotective effects, following decreasing
myocardial infarct size, plasma LDH activity, arrhythmia and
mortality in rats after myocardial I/R injury.

✓ Pretreatment with Fisetin suppressed the incidence and duration of
ventricular tachycardia (VT), the incidence of ventricular fibrillation
(VF), as well as the mortality rate, which induced by myocardial I/R
injury. Furthermore, Fisetin also significantly reduced the duration
of VF during the period of ischemia (Table 1).

✓ We also investigated the protein expression of PI3K and Akt by
western blots, which regulate inflammation and cell survival.
Compared to Sham group, DMSO-treated group significantly
increased the level of Akt, and the levels of PI3K and Akt were lower
in myocardial tissues from Fisetin-treated group than DMSO-treated
group (Fig. 5).



Lower extremity fracture is one of the most common presentations in the emergency department. The management of 
limbs fracture includes traction, splinting and surgical reduction which depends on the surgeon’s evaluation. When the 
surgical intervention was suggested, both neuraxial anesthesia and general anesthesia were widely applied on the surgical 
candidates. Nevertheless, the worries over the increased threat of the cerebral vascular disease (CVD) made us hesitated to 
indicate the general anesthesia. The target of this study is to analyze the relationship between the elevated CVD risk and 
the type of anesthesia based on the Longitudinal Health Insurance Database (LHID), assessing whether the general 
anesthesia increased the CVD occurrence among the fracture patients.

Introduction

A nationwide population-based cohort study was applied using 
data from the National Health Insurance Research Database in 
Taiwan. We identified and enrolled 3437 lower limb fractures 
patients without CVDs and have been received operation of 
anesthesia were identified from 2010 to 2012. Next, the patients 
were divided into two groups as received general anesthesia 
(n=1,504) and received neuraxial anesthesia (n=1,933) during 
surgery (Fig. 1). 

Longitudinal Health Insurance Database 2010 
(LHID 2010)
N=1,000,000

General anesthesia 
N=1504

Selected Lower limb fractures (ICD-9-CM 
=820-827) and operation of anesthesia from 

2010 to 2012 among age≧18 years 
N= 6319

Exclude anesthesia surgery again during 
study period

N=3437

Exclude diagnosis of CVD before index date
N=4449

Neuraxial anesthesia 
N=1933

METHODOLOGY

Kaplan-Meier curves of the occurrence of CVD 
in anesthesia patients.

RESULTS

In our study, the elevation risks of the CVD do not reach a statistically significant difference between the neuraxial and general 
anesthesia among the lower limbs fracture patient. The incidence rate of CVD seems to be more correlated with the patient’s 
underline status such as old-aged, comorbidities or admission of ICU. Although the patient’s condition does interact with the 
decision of anesthesia mode, neither one of the anesthesia strategies testified to be more jeopardous in the aspect of CVD. The 
anesthesiologist should avoid the preconception and select the suitable type of anesthesia for the surgical candidate.

Conclusion

Figure 1 showing that general 
anesthesia group did not have a higher 
risk than neuraxial anesthesia group to 
develop CVDs within one year (log-
rank test, p=0.933). 

No. of CVD 
event

Observed
Person-Years

Incidence Density
(Per 1000 Person-Years) Crude HR 95% CI Adjusted 

HR† 95% CI

Group
Neuraxial 

anesthesia 48 1861 25.8 1 1

General 
anesthesia 38 1447 26.3 1.02 0.67-1.56 1.24 0.80-1.92

Age
<65 18 2221 8.1 1 1
≧65 68 1087 62.6 7.67 4.56-12.9 5.77 3.21-10.38

Gender
Female 43 1616 26.6 1 1
Male 43 1692 25.4 0.95 0.63-1.46 1.89 1.21-2.95

Hypertension 52 886 58.7 4.16 2.70-6.42 1.63 0.98-2.70
Hyperlipidemia 14 293 47.8 2.00 1.13-3.54 0.91 0.49-1.66
Diabetes 35 485 72.2 3.97 2.58-6.11 2.09 1.29-3.37
Renal disease 8 78 102.7 4.18 2.02-8.66 1.48 0.70-3.12
Liver disease 3 142 21.1 0.80 0.25-2.54 0.58 0.18-1.84
Chronic pulmonary 
disease 11 221 49.8 2.04 1.08-3.84 1.21 0.64-2.30

ICU admission 11 142 77.3 3.22 1.71-6.06 2.59 1.35-4.96
Anticoagulants 14 159 87.8 3.81 2.15-6.75 1.80 0.97-3.31

Table 2. Cox proportional hazard model  
Bold font represents statistical significance (p< 0.05).
†Adjusted for age, gender, hypertension, hyperlipidemia, diabetes, renal disease, liver 
disease, chronic pulmonary disease, ICU admission and anticoagulants.

RESULTS

No. of CVD 
event

Observed
Person-Years

Incidence Density
(Per 1000 Person-Years) Crude HR 95% CI Adjusted 

HR† 95% CI

Group
NA < 2hrs 32 1326 24.1 1 1

NA ≧ 2hrs 16 535 29.9 1.24 0.68-2.26 1.00 0.55-1.83

GA < 2hrs 15 720 20.8 0.86 0.47-1.60 1.05 0.57-1.95
GA ≧ 2hrs 23 727 31.7 1.31 0.77-2.24 1.43 0.81-2.50

General anesthesia Neuraxial anesthesia

N No. of CVD event N No. of CVD event HR 95% CI

Age†

<65 1080 7 1176 11 0.60 0.21-1.66

≧65 424 31 757 37 1.49 0.92-2.43

Gender‡

Female 720 22 953 21 1.68 0.92-3.07

Male 784 16 980 27 0.84 0.43-1.66

Table 4. Subgroup analysis of Cox proportional hazard model
†Adjusted for gender, hypertension, hyperlipidemia, diabetes, renal disease, liver disease, 

chronic pulmonary disease, ICU admission and anticoagulants.
† Adjusted for age, hypertension, hyperlipidemia, diabetes, renal disease, liver disease, 

chronic pulmonary disease, ICU admission and anticoagulants.

Table 3. Cox proportional hazard model
†Adjusted for age, gender, hypertension, hyperlipidemia, diabetes, renal disease, liver 

disease, chronic pulmonary disease, ICU admission and anticoagulants.
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Risk of cardiovascular disease (CVD) after renal transplantation is 
higher than in the general population. CVD is a highly common 
complication and the cause of death in patients with end-stage renal 
disease (ESRD) on hemodialysis. In this population, mortality due to 
CVD is 20 times higher than in the general population.
The aim of this study is to investigate the risk of CVD between patients 
with renal transplantation and hemodialysis.

Introduction

This study included 618 patients with renal transplantation and 11115 
patients with hemodialysis. After excluded patients with CVD before 
inclusion and matching at 5:1. Finally, we included 395 patients with 
renal transplantation and 1975 patients with hemodialysis.

Comparing patients with renal transplantation and patients with 
hemodialysis, the relative risk of CVD in Hazard ratio (HR) was 0.51 
(95% CI = 0.28-0.93), indicating the risk of CVD in patients with renal 
transplantation was lower. While patients combined with 
hypertension, hyperlipidemia, diabetes mellitus and atrial fibrillation 
will not increase the risk of CVD.

In addition, this study also found that when CCI score was 1, the 
relative risk of CVD in patients with hemodialysis in HR=2.54 (95% 
CI=1.53-4.21), when CCI score was 2, HR = 3.43 (95% CI = 1.97-5.97), 
when CCI score was 3, HR= 3.16 (95% CI = 1.75-5.70). Result of this 
study indicated that the more severe in the severity of the disease, the 
more relevant with CVD.

Analysis with Kaplan-Meier method showed that survival rate was 
lower in patients with hemodialysis than patients with renal 
transplantation.

Results

This research is a retrospective cohort study using the 2001-2014 
"Health and Welfare Information Science Center of the Ministry of 
Health and Welfare" Group B (2 million people in 2005) "two million 
sample files". 
Risk of CVD between patients with renal transplantation and 
hemodialysis was analyzed by Cox proportional hazards model, and the 
relationship between renal transplantation and hemodialysis and 
occurrence of CVD was analyzed by propensity score matching method. 
In this study, SAS 9.4 was used to analyze to explore the risk factors for 
long-term survival of CVD in patients with renal transplantation and 
hemodialysis.
Kaplan-Meier method was used to analyze the cumulative incidence of 
cardiovascular adverse events during the follow-up period between 
patients with renal transplantation and hemodialysis. 

Methodology

• Johns Hopkins Advanced Studies in Medicine Vol. 7, No. 6 June 2007
169-178.

• Lancet 2013; 382: 339–52
• Nephrol Dial Transplant (2018) 33: iii28–iii34
• And more
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Flow chart

Comparison  of  Risk  for  Cardiovascular  Disease  
in Patients  with  Renal  Transplantation  and  
Hemodialysis

Table 1                                      

Kidney transplant 
patients
(n=395)

2,000,000 
patients from 

LHID

Dialysis patients
in 2001-2014

(n=11,115)

Dialysis patients
(n=8,672)

Excluded patients 
who had CVD 

before enrolled

Matched in 1: 5 
based on gender, 

age and CCI

Dialysis patients
(n=1,975)

Kidney transplant 
patients

in 2001-2014
(n=618)

Kidney transplant 
patients
(n=564)

The Baseline Characteristics of Patients After Matching 

Variable
Total Dialysis patients kidney transplant

p-value
N % N % N %

Total 2,370 100.00 1,975 100.00 395 100.00
Gendera. 0.671

Female 1,073 45.27 898 45.47 175 44.30

Male 1,297 54.73 1,077 54.53 220 55.70

Agea. 51.19 ± 12.24 51.43 ± 12.57 49.98 ± 10.34

20-30 98 4.14 86 4.35 12 3.04 0.819
31-40 270 11.39 225 11.39 45 11.39
41-50 826 34.85 684 34.63 142 35.95
51-60 780 32.91 650 32.91 130 32.91

Over 396 16.71 330 16.71 66 16.71

CCIa. 0.899
0 1,066 44.98 884 44.76 182 46.08
1 544 22.95 459 23.24 85 21.52
2 334 14.09 277 14.03 57 14.43
>3 426 17.97 355 17.97 71 17.97

DMb. <0.001
No 1,478 62.36 1,202 60.86 276 69.87
Yes 892 37.64 773 39.14 119 30.13

HTNb. 0.001
No 434 18.31 339 17.16 95 24.05
Yes 1,936 81.69 1,636 82.84 300 75.95

Dyslipide 0.491

No 1,609 67.89 1,335 67.59 274 69.37
Yes 761 32.11 640 32.41 121 30.63

LVHb. 0.392
No 2,307 97.34 1,925 97.47 382 96.71
Yes 63 2.66 50 2.53 13 3.29

AFb. 0.060
No 2,225 93.88 1,846 93.47 379 95.95
Yes 145 6.12 129 6.53 16 4.05

a. Variables for propensity score matching.
b. Abbreviations: DM, diabetes mellitus; HTN, hypertension; LVH, left ventricular 

atrial fibrillation.

Table 2
Covariate Analysis of Incident CVD  

Variables
Non-CVD CVD

p-value
N % N %

Total 2,249 94.89 121 5.11

Patients 0.041

Dialysis 1,866 94.48 109 5.52

Kidney transplant 383 96.96 12 3.04

Gender 0.067

Female 1,028 95.81 45 4.19

Male 1,221 94.14 76 5.86

Age (mean±SD) 51.04 ± 12.24 53.98 ± 11.92 0.138

20-30 94 95.92 4 4.08

31-40 262 97.04 8 2.96

41-50 790 95.64 36 4.36

51-60 734 94.10 46 5.90

Over 61 369 93.18 27 6.82

CCIa. <0.001

0 1,036 97.19 30 2.81

1 511 93.93 33 6.07

2 306 91.62 28 8.38

>3 396 92.96 30 7.04

DMa. 0.068

No 1,412 95.53 66 4.47

Yes 837 93.83 55 6.17

HTNa. 0.493

No 409 94.24 25 5.76

Yes 1,840 95.04 96 4.96

Dyslipidemia 0.049

No 1,517 94.28 92 5.72

Yes 732 96.19 29 3.81

AFa. 0.073

No 2,116 95.10 109 4.90

Yes 133 91.72 12 8.28

a. Abbreviations: DM, diabetes mellitus; HTN, hypertension; AF, atrial fibrillation.

Table 3
Risk of CVD with Cox Regression Analysis  

Variables Adjusted HR 95% CI p-value

Patients

Dialysis (ref.) 1

Kidney transplant 0.51 0.28-0.93 0.028 

Gender

Female (ref.) 1 

Male 1.30 0.89-1.89 0.171 

Age

20-30 (ref.) 1 

31-40 1.02 0.27-3.81 0.977 

41-50 1.67 0.51-5.48 0.397 

51-60 2.28 0.70-7.46 0.172 

Over 61 2.41 0.72-8.13 0.155 

CCI Score

0 (ref.) 1 

1 2.54 1.53-4.21 <0.001

2 3.43 1.97-5.97 <0.001

>3 3.16 1.75-5.70 <0.001

DM

No (ref.) 1 

Yes 0.77 0.50-1.19 0.240 

HTN

No (ref.) 1 

Yes 0.75 0.48-1.17 0.207 

Dyslipidemia

No (ref.) 1 

Yes 0.66 0.43-1.00 0.052 

AF

No (ref.)

Yes 1.46 0.80-2.69 0.221 

a. Abbreviations: DM, diabetes mellitus; HTN, hypertension; AF, atrial fibrillation.

Kaplan-Meier Curve
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