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Systemic lupus erythematosus (SLE) เปนโรคทาง autoimmune ที่เปนปญหาสาํคัญ
และมีความชกุสูงในคนไทยและชาวเอเชีย โดยเฉพาะอาการไตอักเสบลูปส (Lupus Nephritis; 
LN) นั้นสามารถนําผูปวยไปสูโรคไตวายเรื้อรังหรือเสียชีวติได การศกึษาที่ผานมาผูวิจัยพบการ
แสดงออกที่แตกตางกันของยีนในกลุม Chemokine และ Growth factor ในปสสาวะของผูปวย 
LN สามารถใชในการวินิจฉยัและพยากรณโรคได ดังนั้นการศึกษานีมี้วัตถุประสงคเพ่ือคนหาชวี
โมเลกุลอ่ืนๆภายในชิ้นเนือ้ไต, เลือด และปสสาวะของผูปวย LN ซึ่งอาจมีความสัมพันธกับการ
เกิดพยาธิสภาพภายในไต, ความรุนแรงของโรค รวมทั้งสามารถใชเปนเครื่องหมายชีวภาพ 
(Biomarker) ในการทํานายการตอบสนองตอการรักษาในชวงเวลาสัน้ๆ (short-term outcome)
ได ผูวิจัยแบงการศึกษาออกเปน 3 สวน ไดแก การแสดงออกของยีน (mRNA expression), 
การแสดงออกของโมเลกุลบนผิวเซลลในปสสาวะ (Urinary cells type specific) และการ
แสดงออกของโปรตีน (Proteomic) ผลการศึกษาพบวาในผูปวย LN มีการแสดงออกของยีน 
Vascular Endothelial growth Factor (VEGF), Heme oxygenase 1 (HO-1), Wilms' tumour 
suppressor gene (WT1), Forkhead box P3 (FOXP3) และ Notch-1 แตกตางจากคนปกติ
อยางมีนัยสําคัญทางสถติิ โดยเฉพาะการแสดงออกของยีน VEGF ในเนื้อไตซ่ึงมีปริมาณลดลง
ในผูปวยที่มีอาการรุนแรง (Class IV LN) และสัมพันธกับความรุนแรงของโรคและการเกิดไต
วายเรื้อรังในระยะเวลาอันใกลดวย ซึ่งผูวจัิยพบวาการลดลงดังกลาวมีความสัมพัธกับการเพิ่มขึน้
ของการแสดงออกของ VEGF และ WT-1 ในปสสาวะ ดังนั้นผูวิจัยไดมีสมมติฐานเพิ่มเติมวา
เซลลที่หลุดมาในปสสาวะสวนหนึ่งเปนเซลล Podocytes ภายในไต จึงไดตรวจวัดชนิดของเซลล
ในปสสาวะดวยเทคนิค Flow Cytometry และใชโปรตนี WT-1 ซึ่งจําเพาะบนผิวเซลลของเซลล 
Podocytes พบวาผูปวยที่มีอาการกําเริบของโรค (active LN) มีเซลล podocytes หลุดออกมา
มากกวาผูปวยที่ไมมีอาการกําเริบของโรค (inactive LN) อยางมีนัยสําคัญทางสถติิ ซึ่ง
สอดคลองกับการแสดงออกของยีนขางตน นอกจากนี้ผูวิจัยไดศึกษาการแสดงออกของโปรตีน 
(Proteomic) ในปสสาวะดวยวิธี 2-Dimension Gel พบวาโปรตีน Prostaglandin H2 D-
isomerase (PGD2) มีความแตกตางกันในผูปวย LN และคนปกติ นอกจากนี้เม่ือวัดปริมาณการ
แสดงออกของโปรตีน Interferon gamma-induced protein 10 kDa (IP-10) ก็พบวาผูปวย LN 
มีปริมาณโปรตีนดังกลาวสงูกลาวคนปกติ โดยเฉพาะผูปวย active LN จะมีปริมาณโปรตีน



ดังกลาวสูงกวาผูปวย inactive LN อีกดวย ทั้งน้ีการลดลงของปริมาณโปรตีน IP-10 ยังมี
ความสัมพันธกับตอบสนองตอการรักษาดวย จากการศึกษาทั้งหมดขางตนแสดงใหเห็นวาการ
แสดงออกของยีน VEGF และ WT-1 (podocyte marker) และโปรตนี IP-10 และ PGD2 ใน
ปสสาวะสามารถใชประโยชนเปน non-invasive marker ในผูปวย LN โดยที่การแสดงออก
ดังกลาวสอดคลองกับความรุนแรงและการตอบสนองตอการรักษในชวงเวลาสั้น ๆ (short-term 
outcome) อีกดวย 
 
คําหลัก : โรคไตอักเสบลปูส, Vascular Endothelial growth Factor, Forkhead box P3, 
Notch-1, Interferon gamma-induced protein 10 kDa, เซลล Podocyte, การแสดงออกของยีน
, Real-Time PCR, Proteomic 
 

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 



Abstract 
Project Code: RMU5080076 
Project Title: The molecular profiling of urine and kidney tissue: biomarkers discovery in 

lupus nephritis 
Investigator: Assoc. Prof. Yingyos Avihingsanon 
         Faculty of Medicine, Chulalongkorn University 
E-mail Address: yingyos.a@gmail.com 
Project Period: 3 years (1 June 2007 – 31 May 2010)  
 
SLE  is the most common autoimmune disease in Thailand and Asian countries.  Lupus 
nephritis, the severe form of SLE, could lead to the end-stage kidney disease or death.  
We formerly studied urine mRNA expression of chemokines and growth factors as 
diagnostic / prognostic markers of lupus nephritis.  In this project, we aimed to discover 
biomarkers in serum, urine and kidney tissue of patients with lupus nephritis.  These 
markers might be associated with severity of renal histology, renal function or response 
to treatments. The project was divided into part 1. mRNA expression study, 2. Urinary 
cell-surface marker study, and 3. Proteomics study.  We found Vascular endothelial 
growth factor (VEGF), Heme oxygenase-1 (HO-1), Wilm’s tumor suppressor gene (WT-
1), Fox-head box P3 (FoxP3) and Notch-1 associated with LN.  In particular, VEGF was 
associated with disease severity and end-stage kidney disease. The reduction of VEGF 
expression was partly caused by podocytes loss into urine.  The decreased VEGF 
levels were associated with poor renal outcomes. This may lead to the novel molecular 
classification which may be complement to the current diagnostic method of renal 
biopsy.  In proteomics study, the 2-D PAGE method was used and discovered 
Prostaglandin-H2D isomerase.  Furthermore, urine Interferon-inducible protein-10 (IP-
10) was found to be useful urinary biomarkers for monitoring response to treatment. 
 
In conclusion, this project discovered and validated a number of biomarkers for 
development of diagnostic / monitoring / prognostic tests. 
 
 
Keywords: Vascular Endothelial growth Factor, Forkhead box P3, Notch-1, Interferon 
gamma-induced protein 10 kDa, Podocyte, gene expression, Real-Time PCR, 
Proteomics 
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3. ปญหาที่ทําการวิจัย และความสําคญัของปญหา  
Systemic lupus erythematosus (SLE) เปนปญหาสาคัญที่พบไดบอยในประเทศไทย 

รายงานตางๆ แสดงถึงบทบาทของความหลากหลายทางพันธุกรรมตอการเกิดโรคและการดา
เนินโรค โดยพบวาผูปวย SLE ที่เปนชาวเอเชียมีโอกาสเกิดภาวะไตอักเสบจากลปูสไดรวดเร็ว
และมีแนวโนมที่รุนแรงกวาชาวตะวันตก รายงานในประเทศไทยพบวามีอัตราการตายของผูปวย
ลูปส สูงกวาประเทศทางตะวันตก ปจจัยที่เชื่อวานาจะมีบทบาทสาคญั ไดแก ปจจัยทาง
พันธุกรรมและเชื้อชาต ิ

ภาวะไตอักเสบจากลูปสเปนภาวะที่เกิดไดบอย และมักจะมีความรุนแรงมากในผูปวยที่
เปนโรคลูปุส หนึ่งในสามของผูปวยจะเกดิมีไตอักเสบซึ่งอาจนําไปสูการเสียชีวติหรือพัฒนาไปสู
ไตวายเรื้อรังระยะสุดทาย ผูปวยสวนใหญมีการอาการกําเริบภายในหาปหลังจากไดรับการ
วินิจฉัยโรค ซึ่งเปนสาเหตุของการนําไปสูการเสียชีวตินอกเหนือจากการติดเชื้อ  ภาวะโลหิตเปน
พิษ และ ทางเดินหายใจลมเหลว เปนตน 
 การเขาใจถึงธรรมชาติหรือพยาธิสภาพทางไตในระยะตางเปนสิ่งที่สาํคัญในการทาํนาย
การพยากรณโรคของผูปวย ยกตัวอยาง เชน ผูปวยที่มีพยาธิสภาพอยูในกลุมสี่ โดยทั่วไปมี
แนวโนมที่จะนําไปสูไตวายเรื้อรังภายในไมกี่เดือนในขณะที่ผูปวยกลุมสอง หรือหา อาจจะมี
หนาที่ของไตไดเหมือนกับคนปกติ ดังนั้นการตรวจเนือ้ไตจึงเปนสิ่งที่จําเปนไมเพียงแตวินิจฉัย
เทานั้นแตยังบอกอาการกําเริบไดอีกดวย สวนกลุมสี่เปนกลุมที่พบไดบอยและรุนแรงมากซึ่ง
ผูปวยจะมีการอาการไตอักเสบพรอมกับการรั่วของโปรตีนในปสสาวะ ในปจจุบันไดมีการหาตัว
บงชี้ทางชวีโมเลกุลในเนื้อเยือ่ของไตมาเปนในการวินิจฉัยโรค  
 แมวาการตรวจพยาธิสภาพของชิ้นเนื้อเปนสิ่งที่จําเปนที่สุดแตการตรวจซ้ําเปนเรือ่งยาก
เน่ืองจากผูปวยจะไดบาดเจ็บจากการเจาะไต และอาจทําใหเกิดภาวะแทรกซอนได ดังนั้นการหา
วิธีทีท่ําใหผูปวยไมเจ็บตัวเพื่อมารองรับการตรวจวัดอาการกําเริบเพื่อใชในการรกัษา ในปจจุบนั
ไดมีความสนใจที่หาตัวดัชนีชี้วัดทางชวีภาพในปสสาวะที่เกิดจากไรคไต กลุมผูทําการทดลอง



ของเราพบวา ระดับ mRNA ในปสสาวะสามารถใชในการวินิจฉัยของผูปวยไตอักเสบลูปสขั้น
รุนแรงและมี chemokine และ growth factor ที่มีความสัมพันธกับการตอบสนองตอการรักษา
ของผูปวยอีกดวย นอกจาก mRNA แลวยังมีระดับโปรตีนของ chemokine จากการเก็บตวัอยาง
ในปสสาวะ พบวาผลการทดลองสนับสนุนวา chemokine สามารถวนิิจฉัยและพยากรณการเกิด
โรคได จากที่กลาวมารูปแบบทางโมเลกลุที่แสดงออกในปสสาวะอาจจะมีความสัมพันธกับพยาธิ
สภาพของไต และหรือการตอบสนองตอการรักษา ดังนั้นระดับของการแสดงของยีนสามารถถูก
นําใชศึกษากลไกการเกิดโรคและยังอาจเปนตวัชีว้ัดของความรุนแรงหรือความเรื้อรังของโรคได
เชนเดียวกัน 
 โครงการวิจยันี้มีเปาหมายที่จะศึกษาความสัมพนัธระหวางการแสดงออกของยีน
และโปรตีนในปสสาวะ เลือด เม็ดเลอืดขาว กับลักษณะความรุนแรงและพยากรณของ
โรคภาวะไตอักเสบจากลปูส โดยมีสมมุติฐานวาการวัดระดบัการแสดงออกของยีนและ
โปรตีนในเน้ือไตนอกเหนือจากการจัดแบงตามลกัษณะทางพยาธิสภาพ (pathological 
classification) จะสามารถทาใหแพทยจัดกลุมโรคเพิ่มเติมตามลักษณะทางอณูชีว
โมเลกุล(molecular classification) นอกจากนี้ กลุมผูวิจัยไดยังทําการศึกษาเกี่ยวกับระดับยา
ที่เหมาะสมกับการตอบสนองตอการรักษาอีก 
 

  
4. วัตถุประสงค  

Primary Objectives  
1. To determine whether urine mRNAs of selected genes could identify active 

nephritis (class IV versus Non-class IV LN by WHO criteria).  

2. To determine whether serial measurement of urine mRNAs could early 
predict response to standard treatment.  

Secondary Objectives  
1. To determine whether urine mRNAs of selected genes could predict short-

term clinical outcomes such as renal flare, ESRD or death.  
2. To determine different pattern of gene expression between conventional 

treatment (cyclophosphamide) and novel treatment (MMF).    
 
5. ระเบียบวธีิวิจัย  

Study design  
Prospective study  

Patients  



All SLE patients who were planned for kidney biopsy would be asked for urine 
samples  

Sample collection  
- Pre-biopsy samples  
Two urine samples were collected from each individual patient approximately 
two weeks and one day before renal biopsy.  
- Prospective samples in class IV LN  
Urine samples were collected monthly from pre-treatment baseline to the 5th 
month of treatment.  

Experimental methods  
Gene expression:  quantitative real-time PCR  
Protein expression: Proteomics, ELISA 

 
6. แผนการดําเนินงานวิจยัตลอดโครงการ 
No Scheduling plan Fiscal year 

  1 st 2 nd 3 rd 
1 Sample collection and 

patient consent 
            

2 Database collection             
3 Technical development              
4 Extraction RNA and 

realtime expression 
            

5 Proteomics and ELISA             
6 Therapeutic drug             
7 Data analysis             
8 Manuscript              
 
 
 
 
 
7. ผลงานที่คาดวาจะตีพิมพในวารสารวิชาการนานาชาต ิ

Two peer-reviewed journals 
a. Title “gene expression profile predict renal outcome of lupus nephritis” 



Journal. Kidney International Impact factor 4.9 
b. Title “urine molecular profile predict renal flare in SLE” 

Journal. J Am Soc Nephrol Impact factor 7.2 
บทนํา 

 
ภาวะไตอักเสบลูปส (Lupus Nephritis; LN) เปนภาวะที่พบเกือบรอยละ 60 ของผูปวย 

โรค Systemic lupus erythematosus (SLE) และสัมพันธกับอัตราการบาดเจ็บและเสียชีวติของ
ผูปวย (morbidity and mortality) (1) จากการศึกษาพบความแตกตางของอุบัติการณในการเกิด
โรคของชาว African-American สูงกวาคนผวิขาว (Caucasian) (2) ในปจจุบันยังไมทราบ
สาเหตุของโรคแนชัด แตจากการศึกษาตางๆเชื่อวาเกิดจากความผิดปกติของระบบภูมิคุมกนั 
โดยที่ผูปวยจะมีการสราง autoantibody ตอ antigen ของตนเอง (self-antigen) และสรางเปน 
immune complex ไปสะสมในไตชักนําใหมีการเขามาของเซลลที่เกี่ยวกบัระบบภูมิคุมกันและ
เกิดการอักเสบของไต (4) World Health Organization และ International Study of Kidney 
Disease in Childhood (ISKDC/WHO) ไดแบงระดับความรุนแรงของโรคออกเปน 6 ระดับ 
(class I – class VI) ตามพยาธิสภาพของไต โดยผูปวยที่ถูกจัดอยูในระดับที่ 4 (class IV) เปน
กลุมที่มีอาการของโรครุนแรงกวาระดับอ่ืนๆและยังมีการพยากรณโรคที่ไมดีดวย (5) สําหรับ
การศึกษาในประชากรไทยโดย P. Parichatikanond และคณะ ป 1986 พบวาผูปวย SLE ของ
ไทยสวนใหญจะมีอาการไตอักเสบรวมดวย โดยมีความรุนแรงจัดอยูใน class IV และมีสัดสวน
ของการเกิด class IV ตอ class อ่ืนมากวาชาวอเมริกาและอังกฤษ (Caucasians) อีกดวย (6) 

ในปจจุบันวธิมีาตรฐาน (Gold standard) ในการตรวจวินิจฉัยโรคไตอักเสบลูปสคอื การ
เจาะตรวจชิ้นเน้ือไต (Kidney Biopsy) เพ่ือวินิจฉัยระดับความรุนแรงของโรค (class) รวมกับ
การตรวจการทํางานของไต (renal function) จากหองปฏิบัติการ ซึง่ตาม American College of 
Rheumatology กําหนดเกณฑในการระบุวาผูปวยมีอาการ LN เม่ือตรวจพบวา 1) มีโปรตีนร่ัว
ออกมาในปสสาวะ (proteinuria) เกินกวา 0.5 กรัมตอวัน และ 2) ตรวจพบเซลลตางๆหลุดปน
ออกมาในปสสาวะ (cellular cast) โดยที่ผูปวยแตละรายจะไดรับการรักษาตามความรุนแรงของ
โรคที่แพทยวนิิจฉัย ผูปวยสวนใหญจะไดรับยากดภูมิคุมกัน (immunosuppressive) เชน 
steroids และอาจจําเปนตองใชเวลา 5-20 ป อาการของโรคจึงจะสงบลงและสามารถหยุดการให
ยาได หลังจากไดรับการรักษาแลวในทางทฤษฎีจําเปนตองมีการทํา renal biopsy ซ้ําอีกครั้ง
เพ่ือครั้งยืนยันวาการรักษาไดผล (14) แตในทางปฏบิตัิกระทําไดยากเนื่องจากการ biopsy เปน
วิธีทีผู่ปวยจะไดรับความเจบ็ปวด (Invasive) แพทยจึงจําเปนตองพิจารณาผลการรักษาจากผล
ตรวจการทํางานของไต แตอยางไรก็ตามมีผูปวย LN บางรายที่ไมปรากฏความผดิปกติของการ
ทํางานของไต (normal renal function) แตผลการตรวจชิ้นเนื้อไตพบการสะสมของ immune 
complex ใน glomerulus ซึ่งผูปวยในกลุมน้ีถือวาเปน “silencing lupus nephritis” (13) แสดง
ใหเห็นวาการกําเริบหรืออาการที่รุนแรงของโรคอาจจะไมสามารถถูกตรวจพบและวินิจฉัยไดดวย



การตรวจทางหองปฏิบัติการชีวเคมี และการเปลี่ยนแปลงพยาธิสภาพภายในไตจะเกิดขึ้นกอนที่
จะตรวจพบการทํางานที่แยลงของไต ดังนั้นการศึกษาหาตัวชีว้ัดทางชีวภาพ (Biomarker) หรือ
วิธีการตรวจทีไ่มทําใหผูปวยไดรับความเจ็บปวด (Non-invasive) จะสามารถเขามามีบทบาท
ชวยในการวินจิฉัยโรคไดมากขึ้น  

Eikmans M และคณะ พบวาผูปวยโรคไตที่มีการแสดงออกของยีน Transforming 

growth factor-β (TGF-β) และ Fibronectin ภายในเนื้อไตสูงขึ้นจะสัมพันธกับการทํางานที่ดี
ของไต (9) เชนเดียวกับการศึกษาในหนทูดลองที่พบวายีน Vascular endothelial growth factor 
(VEGF) เปนยีนที่ทําหนาทีใ่นการรักษาสมดุลของการกรอง (permeability) ภายในไต เน่ืองจาก
พบวาหนูทีข่าด VEGF จะเกิด proteinuria และมีการเพิ่มจํานวน endothelial cell ที่ผิดปกติ 
(endotheliosis) ทําใหเกิดการเปลี่ยนแปลงพยาธิสภาพภายในไตจนหนูตายภายใน 2.5 สัปดาห 
(10,11) ตรงกันขามกับการศึกษาในผูปวยโรคเบาหวานชนิดที่ 1 และ 2 ซึ่งพบวามีการ
แสดงออกของยีนและโปรตนี VEGF เพ่ิมมากขึ้น(12)  แสดงใหเห็นวายีน VEGF มีการทําหนาที่
ที่แตกตางกันในโรคไตชนิดตางๆ แสดงใหเห็นวาการศึกษาการเปลี่ยนแปลงในระดับโมเลกลุ
สามารถนํามาใชประโยชนสาํหรับการทํานายโรคได ซึ่งในป 2006 ผูวิจัยและคณะได
ทําการศึกษาพบวาในปสสาวะของผูปวย LN มีการแสดงออกของโมเลกุลที่ผานมาผูวิจัยพบวา
ระดับการแสดงออกที่เพ่ิมขึ้นของยีนในกลุม Growth Factor และ Chemokine ในปสสาวะ 
(Urinary Chemokine) ของผูปวยที่มีอาการรุนแรง (Class IV LN) สูงกวา Class อ่ืนๆ และการ
แสดงออกของยีนจะลดลงเมื่อผูปวยตอบสนองตอการรักษาอีกดวย (2006) 

ในปจจุบัน การศึกษาโปรตนีโดยใชวิธทีาง proteomics กําลังไดรับความนิยมมากขึ้น 
เน่ืองจากมีการพัฒนาเทคนกิทั้งในดาน isoelectric focusing และ mass spectrometer รวมทั้ง
มีฐานขอมูลทีแ่พรหลายของทั้งทาง genomic และ โปรตีน ดังนั้นการใชวธิ ี two-dimensional 
gel electrophoresis รวมกับ mass spectrometry จึงเปนวิธีที่ใชในการศึกษาโปรตีนหลายๆ
ชนิดพรอมกัน แมปริมาณโปรตีนที่ศึกษาจะมีไมมาก แตมีความไว ความแมนยําและความ
เที่ยงตรงสูง การศึกษาหา biomarker ในคนไขไตอักเสบลูปส นั้นมีการศึกษามานานแลว แต
เปนการศึกษาหาแตตวัละตัวโปรตีนในปสสาวะ ดังนั้นวิธีการนี้จะเปนการศึกษาหากลุมของ
โปรตีนที่แสดงออกมาแตกตางกันในปสสาวะได 

เน่ืองจากผูวิจัยมีสมมติฐานวาการเปลีย่นแปลงระดับโมเลกุล (Molecular change) นั้น
มักเกิดขึ้นกอนอาการแสดงทางคลินิกหรอืแมแตการเปลี่ยนแปลงทางพยาธิวิทยาอีกดวย (รูปที ่
1) ทําใหในการศึกษานี้ผูวจัิยสนใจที่จะศกึษาเพื่อคนหาการเปลี่ยนแปลงการแสดงออกของระดับ 
mRNA และโปรตีนในผูปวย LN เพ่ือนํามาใชเปน Biomarkers ชนิดใหมๆ ซึ่งอาจจะมีประโยชน
ในการนําไปใชเพ่ือทํานายการเกิดโรคตอไป 

 
 
 



 
 
 

 

 
 

รูปที่ 1 สมมติฐานในการวิจัย 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



วัตถุประสงคของโครงการวิจัย 
 

การศึกษานี้มีวัตถุประสงคหลัก เพ่ือคนหาชีวโมเลกลุ (Biomarker) ที่จําเพาะตอการ
วินิจฉัยและพยากรณโรคไตอักเสบลูปส โดยจําแนกวัตถุประสงคหลกัและรองดังนี้ 

 
วัตถุประสงคหลัก 

1) เพ่ือศึกษาหาปริมาณ urine mRNA ของยีนที่สนใจซึ่งจะสามารถใชในการจําแนก
ผูปวย Class IV LN และ Non-class IV LN ได  

2) เพ่ือศึกษาหาปริมาณ mRNA ในแตละชวงเวลา (serial measurement) เพ่ือใชใน
การทํานายการตอบสนองตอการรักษาผูปวยที่ไดรบัการรักษาดวยยามาตรฐาน 

วัตถุประสงครอง 
1) เพ่ือศึกษาการใชปริมาณ urine mRNA ของยีนที่สนใจในการทาํนายการ

เปลี่ยนแปลงทางคลินิกของผูปวยในชวงเวลาสั้นๆ (short-term clinical outcome) 
ไดแก renal flare, ESRD หรือ การตาย 

2) เพ่ือหารูปแบบการแสดงออกของยีนของผูปวยที่ไดรับการรักษาดวยยาดั้งเดิม 
(conventional treatment) เปรียบเทยีบกบัผูปวยที่ไดรบัการรักษาดวยยาใหม 
(novel treatment) 

 
ในระหวางการดําเนินการวจัิยผูวิจัยไดรวบรวมขอมูลและทบทวนวรรณกรรมเพิ่มเติม จึง

ไดแบงการศึกษาตามหัวขอตอไปน้ี 
1) mRNA Expression Study: 

1.1) ผูวิจัยไดทําการศึกษาเพิ่มเติมจากขอมูลที่รายงานไปกอนหนา ที่เนนใหเห็นถึง
บทบาทของยนี VEGF (MRG4880103) โดยในการศึกษานี้ไดวัดการแสดงออก
ของยีน Heme Oxygenase-1 (HO-1) ซึ่งจากการศึกษากอนหนานี้แสดงใหเห็น
วา HO-1 เปน cytoprotective gene และการแสดงออกของยีนน้ีถูกควบคุมดวย 
transcription factor ชนิดเดยีวกันกับยีน VEGF (Avihingsanon Y et al., 2002, 
Ferrara N, 2004  ) และศกึษาการแสดงออกของยีน Wilms' tumour 
suppressor gene (WT1) ซึ่งเปน marker ของเซลล podocyte ที่ทําหนาที่สรง 
VEGF ภายในไตและอาจจะหลุดปนมาในเซลลปสสาวะของผูปวย LN  

2) Urinary cells type specific: จากผล mRNA Expression study ในตวัอยางปสสาวะ
ของผูปวย LN ทําใหผูวิจัยมีสมมติฐานวาอาจมีเซลลภายในไตหลุดปนมาในปสสาวะ 
ดังนั้นจึงตองศึกโปรตีน Wilms' tumour suppressor gene (WT1) ซึ่งเปน marker 
ของเซลล podocyte ที่ทําหนาที่สรง VEGF ภายในไตและอาจจะหลดุปนมาในเซลล
ปสสาวะของผูปวย LN  



3) Proteomic Study: นอกจากการศึกษาในระดับ mRNA แลวผูวิจัยไดพัฒนาเทคนิค
และรวบรวมตวัอยางปสสาวะของผูปวย LN เพ่ิมเติม เพ่ือทําการศึกษาการแสดงออก
ของโปรตีน Interferon-inducible protein-10 (IP-10) ในปสสาวะ เน่ืองจากการศึกษา
กอนหนานี้ของผูวิจัยพบวาผูปวยไตอักเสบลูปสที่มีอาการของโรครุนแรงจะมีการ
แสดงออกของ IP-10 mRNA ในปสสาวะเพิ่มสูงขึ้น (Avihingsanon Y et al., 2006)  
อีกทั้งเพ่ือใหไดขอมูลการแสดงออกของโปรตีนตางๆในปสสาวะมากขึ้น ผูวิจัยไดเริ่ม
ทําการศึกษาหาโปรตีนทั้งหมดในปสสาวะ (Proteomic) ดวยวิธี 2D-PAGE  เพ่ือใช
ประโยชนจากขอมูลที่ไดนี้ในการศึกษา Biomarker ชนิดอ่ืนตอไป 

4) Therapeutic drug monitoring: ในปจจุบันการรักษาผูปวย lupus nephritis ดวยยา 
mycophenolate mofetil ซื่งจะถูกเปลี่ยนแปลงเปน mycophenolic acid (MPA) 
พบวาสามารถลดอัตราการกําเริบของโรค แตในขณะเดียวกันพบวาการตอบสนองตอ
ยาของผูปวยแตละคนไมเทากันเม่ือไดรับยาในขนาดที่เทากัน ระดับยาของ MPA ที่
อยูในกระแสเลือดจึงมีความสําคัญในการตอบสนองตอการรักษา 

 
 

ระเบียบวิธีวจิัย 
 

1. รวบรวมตวัอยางและเกบ็ขอมูลผูปวย 
รวบรวมตวัอยางทั้งชิ้นเน้ือและปสสาวะ รวมทั้งตัวอยางเลือดจากผูปวยไต
อักเสบลูปส  
(Sample collection and patients consent) 
ผูวิจัยไดดําเนินการรวบรวมอาสาสมัครผูปวยโรคไตอักเสบลูปสเพื่อเขารวม

โครงการวิจัย โดยไดดําเนินการเก็บตวัอยางปสสาวะ, ตวัอยางเลือด (EDTA blood) ของผูปวย
ติดตอกันทุกเดือนที่มาทําการรักษา และเก็บตวัอยางชิน้เนื้อไต (kidney biopsy) ของผูปวยที่
เขารับการเจาะไตดวย โดยมีจํานวนตัวอยางโดยสรุปดังนี้ 

โดยแบงผูปวยออกเปน 4 กลุม มีรายละเอียดดังนื้ 
1. ผูปวยกลุม active lupus nephritis (ไดรับการวินิจฉัยวามีอาการรุนแรงอยูใน 
class III และ class IV)  
2. ผูปวยกลุม inactive lupus nephritis (non-class III or IV)  
3. กลุมควบคมุที่เปนประชากรปกติ  
4. กลุม kidney tissue control คือไตจากผูบริจาคที่บรจิาคใหใชในการปลูกถาย
อวัยวะ เพ่ือใชเปนกลุมชิ้นเน้ือไตควบคมุ 

 
เก็บบันทึกประวตัิและขอมูลทางคลินิกจากกลุมตวัอยาง (Database collection)  



 ในการเก็บตัวอยางผูปวยแตละรายผูวิจัยไดทําการรวบรวมประวตัิและขอมูลทางคลินิก
ของผูปวยทุกราย โดยขอมูลจะถูกเกบ็รวบรวมอยางมีระบบ และมีการตรวจสอบความครบถวน
โดยพยาบาลวิจัย จากนั้นจะบันทึกลงในฐานขอมูล Online ที่ไดจัดทําขึ้น เพ่ือความสะดวกใน
การใชงานและสามารถนํามาใชในการวิเคราะหขอมูลรวมกันได 

 
ในการวิจัยนี้ผูวิจัยไดแบงการศึกษาออกเปน 4 หัวขอ ตามที่กลาวไวในวตัถุประสงคขางตน 

ซึ่งมีรายละเอียดดังนี้ 
 
2.  วิธีทดลอง 
Part 1: mRNA Expression Study 
1) การศึกษาเปรียบเทียบการแสดงออกของยีนที่สนใจ (mRNA Expression) ในผูปวย

ไตอักเสบลูปส และคนปกติดวยวิธี Real-time PCR  
1.1) สกัดแยก RNA จากตัวอยางเลือด, ปสสาวะ และชิ้นเนือ้ของผูปวย LN และคนปกต ิ

เลือด (Whole Blood) 
1. ตัวอยาง Whole blood ที่ไดรับจากผูปวยและคนปกติ จะถูกเก็บในหลอด 

EDTA ซึ่งสามารถปองกันการแข็งตัวของเลือดได  
2. แบง Whole blood ออกเปนสองสวน สวนที่หน่ึงนําไปแยกเพื่อเก็บเซลลเม็ด

(Total Leukocytes) โดยการใช Erythrocytes lysis buffer (QIAGEN, 
GmbH Hilden, Germany) ทําลายเม็ดเลอืดแดง และแยกเฉพาะเม็ดเลือด
ขาวทั้งหมดออกมา และนําเม็ดเลือดขาวทั้งหมดที่ไดไปสกัด total RNA 
ตามขอ (4) สําหรับเลือดในสวนที่สอง จะนําไปแยกเซลลเม็ดเลือดขาวชนิด
นิวเคลียสเดียว (Peripheral Blood Mononuclear Cells; PBMCs) โดยแยก 
PBMCs ดวยการปนเหวี่ยงบน Ficoll–Hypaque reagent (Sigma,St Louis, 
Missouri, USA).ซึ่งอาศัยคุณสมบัติที่เซลลตางชนิดมีความหนาแนน
แตกตางกัน จึงสามารถแยก PBMCs ไดโดยการปนเหวี่ยงบน density 
gradient และนําไปศึกษาในขั้นตอนตอๆไป 

3. คัดเลือก T-cells : PBMCs ที่ไดสวนหนึ่งจะถูกนํามาคัดเลือกเฉพาะเซลลเม็ด
เลือดขาวชนิด T-cells โดยใช Magnetic Beads (Miltenyi Biotech, 
Bergisch Gladbach, Germany) ที่จําเพาะตอโมเลกุลบนผิว T-cells  
หลังจากนั้นนํา T-cells ที่ไดมาเพาะเลี้ยง (culture) ดวยอาหารเลี้ยงเซลล 
RPMI1640 ที่มี 10% fetal bovine serum (Hyclone, Logan, Utah, USA), 
penicillin และ streptomycin ที่อุณหภูมิ 37oC, 5% CO2  

4. สกัด RNA จาก total leukocytes, PBMCs และเซลลที่เราทําการศึกษาดวยชุด
สกัด QIAGEN RNA mini kit (QIAGEN, GmbH Hilden, Germany) โดย



ทําตามขั้นตอนของชุดสกัดซึ่งอาศัยหลักการของ Silica-gel-based 
membrane หลังนั้นนํา RNA ที่สกัดไดไปวัดปริมาณความเขมขนและ
คุณภาพดวยเครื่อง NanoDrop® ND-1000 UV-Vis Spectrophotometer 
(Thermo Fisher Scientific Inc., Waltham, MA, USA) 
 

ปสสาวะ (Urine) 
1. เก็บตวัอยางปสสาวะของผูปวยที่มีอาการรุนแรง (active LN) และผูปวยที่มี

อาการไมรุนแรง (inactive LN) ปริมาตร 50 มิลลิลติร  
2. ปนเหวี่ยงปสสาวะที่ไดที่อุณหภูมิ 4 องศาเซลเซยีส, ความเร็ว 1000g, 30 นาที 

แลวเกบ็ตะกอนเซลลที่ไดนํามาปนลางดวยสารละลาย PBS 1x  
3. นําตะกอนเซลลที่ไดมาสกดั RNA ดวยชุดสกัด QIAGEN RNA mini kit 

(QIAGEN, GmbH Hilden, Germany) เชนเดียวกบัขัน้ตอนการสกัด RNA 
จากเลือด 

ชิ้นเนื้อไต (Kidney biopsy) 
1. ทําการเก็บตัวอยางชิ้นเนื้อไตหลังจากการทําการเจาะไต (renal biopsy) ใน

ผูปวยไตอักเสบลูปส และชิน้เนื้อไตจากไตของผูบริจาคไต (Normal tissue 
control) ซึ่งไดรับการตัดชิน้เนื้อไตกอนการผาตัดปลกูถายไต โดยชิ้นเนื้อที่ได
จะถูกแบงเปน 3 สวน  

- สวนที ่1 จะถูกนํามาเก็บไวหลอดเก็บชิน้เนื้อที่มีสารละลายรักษา
สภาพ RNA (RNAlater) และถูกแชในภาชนะที่บรรจนุ้ําแข็งแหง แลวนํามาเก็บ
ที่ตูแช –70oc เพ่ือใชในการสกัด RNA และศึกษาการแสดงออกของยีน (gene 
expression) 

- สวนที่สอง ถูกเก็บในน้ํายารักษาสภาพชิ้นเนื้อ (Fixative solution) 
และนําไปศกึษาปริมาณโปรตีนดวยวิธีการยอม Immunohistochemistry (IHC) 

- สวนที่ 3 ตัวอยางชิ้นเนื้อจะถูกเก็บแชแข็ง (frozen) และนําไปศึกษา
ลักษณะทางพยาธิสภาพ (pathology study) ของชิ้นเนื้อ 

2.  สกัด Total RNA จากชิ้นเนื้อไตที่ไดดวยชุดสกัด ดวยชุดสกัด QIAGEN 
RNesy mini kit (QIAGEN, GmbH Hilden, Germany) โดยทําตามขั้นตอน
ของชุดสกัดซึ่งอาศัยหลักการของ Silica-gel-based membrane หลังนั้นนํา 
RNA ที่สกัดไดไปวัดปรมิาณความเขมขนและคุณภาพดวยเครื่อง 
NanoDrop® ND-1000 UV-Vis Spectrophotometer (Thermo Fisher 
Scientific Inc., Waltham, MA, USA) 

 



1.2) สราง complementary DNA (cDNA) โดยปฏิกิริยา reverse-transcription 
polymerase chain reaction (RT-PCR) 
1. คํานวณปรมิาณตัวอยาง RNA ใหได 0.5 ug โดยที่ปริมาตรตอง   ไมเกิน 11.5 ul 

หากปริมาตรนอยกวานัน้ใหปรับปริมาตรใหเปน 11.5 ul โดยใชน้ําทีป่ราศจากการ
ปนเปอนของ RNase 

2. เตรียม master mix ซ่ึงใช random primer และเอนไซม Multiscribe® reverse 

transcriptase (TaqMan® RT-PCR, Applied Biosystem, CA., USA.) เพื่อสรางสาย 
cDNA โดยใชสาย RNA เปนแมแบบ เพื่อใชในการเพิ่มจํานวนในขั้นตอไป 
(Condition: 25oc 10 min, 48oc 30   min, 95oc 5 min)  

 
1.3) วัดปริมาณการแสดงออกของยีนที่สนใจดวยเทคนิค Real-time polymerase chain  

reaction (real-time PCR) 
1. เตรียม PCR master mix (QuantiTech Probe PCR, Qiagen, Canada) ซ่ึงประกอบ

ไปดวย 2xQuantiTech probe PCR , primer forward, primer reverse, probe ที่
จําเพาะตอยีนที่สนใจศึกษา  

2. เติม cDNA template ของแตละตัวอยางลงใน PCR master mix นําไปวัดปริมาณ
การแสดงออกของยีนที่สนใจดวยเครื่อง Real-time PCR machine 

 
Part 2: Urinary cells type specific by Flow Cytometry 

1. เก็บตัวอยางปสสาวะของผูปวยที่มีอาการรุนแรง (active LN) และผูปวยที่มีอาการไม
รุนแรง (inactive LN) ปริมาตร 100 มิลลิลิตร  

2. ปนเหวี่ยงปสสาวะที่ไดที่อุณหภูมิ 4 องศาเซลเซียส, ความเร็ว 1000g, 30 นาที แลวเก็บ
ตะกอนเซลลที่ไดนํามาปนลางดวยสารละลาย PBS 1x  

3. นําตะกอนเซลลที่ไดไปศึกษาชนิดของเซลลซ่ึงหลุดปนมาในปสสาวะดวยวิธี Flow 
cytometry โดยอาศัยโมเลกลุที่จําเพาะบนผิวเซลลโดยเฉพาะ WT-1 ซ่ึงจําเพาะตอเซลล 
podocytes ของไต  
 

Part 3: Proteomic Study 
 3.1 เก็บตัวอยางคนไขที่แบงออกเปนกลุมคือ กลุมคนไข active และ inactive lupus  
nephritis ตกตะกอนโปรตีนดวย 75% ethanol  
 3.2 การแยกโปรตีนดวย 2 มิติ (2 dimension electrophoresis)  



 ละลายตะกอนดวย lysis solution แลวนําไปวัดความเขมขนโปรตีนดวยวิธี Bradford ใช
ความเขมขนโปรตีน 200 ug มาผานกระแสไฟฟาในเจลเพื่อแยกชนิดของโปรตีนตางๆในปสสาวะ 
ใหแยกออกจากกันตาม isoelectric point และตาม molecular weight แลวมีการยอมสโีปรตีนดวย 
Coomassie Brilliant Blue R-250 
 3.3 วิธีวิเคราะหขอมูล 
 ในการทํา two-dimensional gel electrophoresis จะมกีารใชกลุมตัวอยางของคนไข 2 กลุม
เพื่อเปนการเปรียบเทียบการเปลี่ยนแปลงของโปรตีน หลังจากการยอมดวย Coomassie Brilliant 
Blue แลว โปรตีนที่มีการเปลีย่นแปลงเพิ่มขึ้นหรือลดลง จะถูกนําไปวิเคราะหหาชนิดของโปรตีน
ดังกลาวดวยวธีิ mass spectrometry ที่ ศูนยเครื่องมือกลาง จุฬาลงกรณมหาวิทยาลยั และ/หรือ 
สถาบันวิจัยวทิยาศาสตรและเทคโนโลยีแหงชาต ิ
 3.4 Candidate biomarkers validation 
 โปรตีนที่ไดถูกนํามาวเิคราะหเพื่อหาความแมนยําในจํานวนคนไขที่มากขึ้น ดวยวิธีELISA  
 
Part 4: Therapeutic drug monitoring 

1. การศึกษาเภสัชจลนศาสตรของยา mycophenolic acid 

ในผูปวยแตละคนที่ชวงระยะเวลาระหวาง 1-6 เดือน หลังไดรับยา mycophenolate จะมกีารเจาะ
เลือดปริมาณ 3 ml.ใสในหลอดแกวที่มี heparin เพื่อตรวจหาระดับของ mycophenolic acid ซ่ึงเปน 
active metabolite ของ mycohephenolate  ที่ 0, 30 นาที, 1, 2, 3, 4, 8 และ 12 ช่ัวโมงหลัง
รับประทานยา mycophenolate และวดัระดบัของ mycophenolic acid ในพลาสมาดวยวิธี enzyme 
multiplied immunoassay technique (EMIT) แลวนําคาระดับยา 8 จุดดงักลาวมา plot curve จะได
กราฟดังแสดงในรูปที่ 2 

 
�  

รูปท่ี 2 กราฟแสดงความเขมขนของ MPA ในเลือด ณ จุดเวลาตางๆ  
แลวคํานวณหาระดับของ mycophenolic acid โดยการคํานวณหาคาพืน้ที่ใตกราฟไดเปนคาที่เรียกวา 
MPA AUC 0-12 โดยใชสูตร 
Area =  ½ x (Cn + Cn-1) x (tn – tn-1) 
C = concentration of mycophenolic acid (μg/ml) 
t = time (hour) 
 
2. การวัดระดับของ mycophenolic acid ในพลาสมาดวยวิธี enzyme multiplied immunoassay 
technique (EMIT) 



ขั้นตอนการทาํ 
-การเตรียมตวัอยาง 
เก็บตัวอยางเลอืด 3 ml. บรรจุใน EDTA  tube เพื่อทําการปนแยก plasma ที่ความเร็วรอบ 1200 g  
เปนเวลา 15 นาที เก็บสวนทีเ่ปน plasma ไวในหลอดพลาสติกไวที่ -80 ˚C จนกวาจะนาํมาวิเคราะห 
MPA โดยวิธี total mycophenolic acid 
-การตรวจหา MPA 
ชุดน้ํายาแบงออกเปน 3 ชุด ประกอบดวย  
working solution ประกอบดวย enzyme reagent และ substrate reagent  
Total MPA calibrators ที่มีความเขมขน 0, 1, 3, 5, 10, และ 15 mcg/ml 
Total MPA control  
ทําการผสมสารระหวาง enzyme reagent 185 mcl. กับ substrate reagent 19 mcl. และนํามาผสมกับ
ตัวอยาง 3 ul นําไปวิเคราะหหา MPA ดวยเครื่อง cobas integra 400 ที่ความยาวคลื่น 340 nm. 
3. การประเมินผลการรักษา 
-ผลการเปลี่ยนแปลงทางคลินิค โดยประเมินจากการเปลี่ยนแปลงของปริมาณโปรตีนในปสสาวะที่
ไดจากการเก็บปสสาวะ 24 ช่ัวโมง หนวยเปนกรัมตอวนั, การเปลี่ยนแปลงของการทํางานของไตที่
กอนและหลังการรักษานาน 6 เดือน, การประเมินคาการทํางานของไตโดยเจาะเลือดวัดระดับ serum 
creatinine และคํานวณหาคา estimated glomerular filtration rate (eGFR) โดยใชสมการของ 
Modification of Diet in Renal Disease (MDRD) 4 variables และCockcroft-Gault formula และการ
ตอบสนองตอการรักษาภายหลังการไดรับยา mycophenolate นาน 6 เดือน  
-ผลการเปลี่ยนแปลงทางพยาธิวิทยาของชิ้นเนื้อไต ประเมินโดยเจาะชิ้นเนื้อไตเพื่อตรวจหาความ
รุนแรงทางพยาธิวิทยาโดยใช activity index score ที่กอนและหลังการรักษานาน 6 เดือนและดูการ
เปลี่ยนแปลงของ activity index score  
 
 
ผลการทดลอง  
Part 1: mRNA Expression Study 

1. การแสดงออกของยีน Notch1 ในเซลลเม็ดเลือดขาวชนิด T-cells 
ใน T-cells ของผูปวย SLE ที่มีอาการกําเริบ (active SLE) มีการแสดงออกของ Notch1 

mRNA ต่ํากวากลุมควบคุม (healthy control) อยางมีนัยสําคัญ (p=0.025) และเมื่อศกึษาปริมาณ
โปรตีน Notch1 ก็พบวามกีารแสดงออกลดลงในผูปวย active SLE ดวยเชนกนั นอกจากนีย้ังพบวา
โมเลกุลที่เปนเปาหมายของ Notch (Notch targeted gene) ไดแก Hes1 และ deltex mRNA ก็มีการ
แสดงออกลดลงในผูปวยดวยเชนกนั (รูปที่ 3) ผลการศึกษานี้ไดถูกตพีิมพในวารสาร Lupus ป 



2008, volume 17, หนา 645–653. (Defects in Notch1 Upregulation upon Activation of T Cells 
from Patients with Systemic Lupus Erythematosus are related to Lupus Disease Activity, 
Pimpayao Sodsaia, Nattiya Hirankarna, Yingyos Avihingsanon, and Tanapat Palaga)  
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รูปที่ 3 การแสดงออกของ Notch1 และ Hes1 mRNA ใน T-cells 
 

2. การแสดงออกของยีน WT-1 ในตะกอนเซลลที่หลุดปนมาในปสสาวะ 
เนื่องจากการทบทวนขอมูลที่ผานๆมา podocytes เปนเซลลภายในไตที่ทําหนาที่สราง 

VEGF ดังนัน้เมื่อเซลลดังกลาวหลุดมาในปสสาวะเราจึงพบวาการแสดงออกของ VEGF ในไต
ลดลง (MRG4880103) แตการแสดงออกของ VEGF mRNA จะเพิ่มขึ้นในปสสาวะ (Avihingsanon 
et al., 2006)  ซ่ึงจากขอมูลดังกลาวนี้ ทําใหกลุมผูทําวิจยัสนใจการแสดงออกของยีน WT1 ซ่ึงเปน
ตัวบงชี้ (cell surface marker) ของ podocytes กับการแสดงออกของ VEGF mRNA ในปสสาวะ 
พบวาในปสสาวะของผูปวย class IV LN มีการแสดงออกของ WT1 mNRA และ VEGF mRNA 
เพิ่มขึ้น โดยพบความสัมพันธของการเพิ่มขึ้นของโมเลกุลทั้งสองในปสสาวะอยางมนีัยสําคัญทาง
สถิติที่ (Spearman’s rho; p=0.002, r=0.51) (รูปที่ 4)ซ่ึงผลการศึกษานี้ไดรับรางวัลที่ 1 ในการ
นําเสนอผลงานในการประชมุระดับนานาชาติ World Congresses of Nephrology 2009 และได
ตีพิมพเปนสวนหนึ่งใน Kidney International. 2009; 12: 1340-1348 (Decreased renal 
expression of vascular endothelial growth factor in lupus nephritis is associated with worse 

prognosis, Avihingsanon Y, Benjachat T, Tassanarong A, Sodsai P, Kittikovit V, Hirankarn N) 
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รูปท่ี 4 การความสัมพันธของการแสดงออกของ WT-1 และ VEGF mRNA ใน
ปสสาวะและชิน้เนื้อไตของผูปวย class IV LN 

3. การแสดงออกของยีนท่ีสนใจในชิ้นเนื้อไต  
เนื่องจากในการศึกษากอนหนานี้ (MRG4880103) ผูวิจัยพบการลดลงของ VEGF mRNA 

ในเนื้อไตของผูปวย class IV LN ดังนัน้ในการศึกษานีจึ้งสนใจศึกษายีนท่ีเก่ียวของกับการทํางาน
ของยีน VEGF เพิ่มเติม ท้ังนี้ยีน  Heme Oxygenase-1 (HO-1)  เปนยนีท่ีทําหนาท่ีเก่ียวของกับการ
แสดงออกของยีน VEGF ดังนั้นผูวิจัยจึงสนใจศึกษาการแสดงออกของยีน HO-1 mRNA ในเนื้อไต 
(intra-renal HO-1) ซ่ึงพบวาผูปวย LN ท่ีมีอาการรุนแรงจัดอยูใน class III และ class IV จะมี



ระดับการแสดงออกของยนี HO-1 ในเนื้อไตมีปริมาณต่ํากวากลุมควบคุม ท้ังนีผ้ลท่ีไดสอดคลองกบั
ระดับการแสดงออกของ intra-renal VEGF โดยการแสดงออกของยนีทั้งสองมีความสัมพันธกัน
อยางมีนยัสําคญั (Spearman’s rho; R=0.65, P<0.001) นอกจากนี้ผูวิจัยยังพบวากการแสดงออก
ของยีน TGF-β mRNA ในเนื้อไตของผูปวย Class IV LN มีปริมาณต่ํากวากลุมควบคุม และมี
ความสัมพันธกับการแสดงออกของ VEGF mRNA ในเนื้อไตอยางมนียัสําคัญทางสถิติ 
(Spearman’s rho; R=0.41, P=0.02) (รูปท่ี 5) 

การศึกษานี่ไดตีพิมพเปนสวนหนึ่งใน Kidney International. 2009; 12: 1340-1348 
(Decreased renal expression of vascular endothelial growth factor in lupus nephritis is 

associated with worse prognosis, Avihingsanon Y, Benjachat T, Tassanarong A, Sodsai P, 

Kittikovit V, Hirankarn N) 
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รูปท่ี 5 การความสัมพันธของการแสดงออกของ TGF-β , AGPT-1 และ VEGF 
mRNA ในชิน้เนื้อไตของผูปวย class IV LN 

Part 2: Urinary cells type specific 
 ผูวิจัยไดเก็บตวัอยางปสสาวะของผูปวยท่ีมีอาการรุนแรง (active LN) และผูปวยท่ีมีอาการ
ไมรุนแรง (inactive LN) มาทําการศึกษาหาชนดิของเซลลท่ีสนใจซึ่งหลุดปนมาในปสสาวะ ในที่นี้
ผูวิจัยมีสมมตฐิานวาเซลลท่ีหลุดมาในปสสาวะสวนหนึ่งนาจะเปนเซลลภายในไตทีทํ่าหนาท่ีในการ
สราง VEGF ไดแก podocyte cells เนื่องจากจากผลการศึกษาที่ผานมาของผูวิจัยสนบัสนุนสมติ
ฐานดงักลาว ดังนัน้ผูวิจัยจึงศึกษาหาปริมาณเซลล podocytes ในปสสาวะของผูปวยท้ังสองกลุม
เปรียบเทียบกันโดยใชเทคนคิ Flow cytometry และใช Wilms' tumor suppressor gene-1 (WT-1) 
เปน surface marker ของ podocyte cells พบวาผูปวย active LN มีจํานวนเซลล podocytes หลุด
ออกมามากกวาผูปวย inactive LN อยางมนีัยสําคัญทางสถิติ (p=0.02) (รูปท่ี 6) 
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รูปท่ี 6 การวัดปริมาณเซลล podocytes ในปสสาวะของผูปวย active LN (A) เปรียบเทียบกับผูปวย 
inactive LN (B) (p=0.02) ดวยวิธี Flow cytometry โดยใช WT-1 เปน specific surface marker 
ของ podocyte cells 
Part 3: Proteomic Study 

control 
WT1 

A B 



ผูวิจัยไดทําการเก็บปสสาวะของกลุมคนไขและกลุมควบคุมแลวนํามาแยกโปรตีนดวย 2D-
PAGE และถูกยอมสีดวย Coomassie Brilliant Blue หลังจากนั้นทําการวิเคราะห spot ท่ีมีการ
แสดงออกที่แตกตางระหวางกลุมดวยโปรแกรม image master 2D platinum พบวามีความแตกตาง
ท้ังหมด 11 spots ดังตารางที่ 1 เม่ือนําท้ังหมดไปวิเคราะหชนิดของโปรตีน คือ albumin, 
transferrin, immumoglobulin, kininogen, alpha-beta-glycoprotein, Zn-alpha-2-glycoprotein 
และ prostaglandin H2 D-isomerase ดังตารางที่ 1 

Table 1. Spot intensity of differentially expressed proteins 

Spot       Spot intensity (mean ± SEM) 

 No  LN: Active  LN: Inactive  Normal  

9744  53.405±12.145  63.944±9.276  34.478±14.075 

9107  3.519±2.972  1.993±1.634  0.000±0.000 

9105  13.841±9.472  11.978±3.614  2.714±1.387 

9791  0.922±0.082  1.061±1.041  0.467±0.291 

10265  1.20±.075  0.85±0.401  0.26±0.24 

10331  0.7899±0.354  0.7375±1.026  0.1927±0.097 

11572  0.4745±0.4697  0.3482±0.402  1.3191±0.7664 

11750  0.0721±0.055  0.1451±0.1654  1.0255±0.360 

11798  0.1634±0.080  0.0632±0.0145  1.0289±0.6413 

11633  0.1219±0.1209  0.1694±0.079  1.6295±0.992 

15338  0.2253±0.1451  0.043±0.038  0.063±0.053 

15533  0.0819±0.076  0.029±0.014  0.052±0.017 



All of spots had p > 0.05 by ANOVA with T- test. 

Table 2. Physical Properties of the Differentially expressed proteins  

Spot Protein Number        Accession no. Mw pI  Protein       score 

9744 Serum albumin    gi|28592  71361 6.05       2802 

9107 serotransferrin precursor   gi|4557871 79280 6.81       1119 

9105 Orosomucoid    gi|219519923 23817 4.93    904  

9791  Kininogen-1 isofrom 2   gi|4504893 48936 6.29    460  

10265 Zn-alpha2-glycoprotein   gi|38026  34946 5.71        696 

10331 Zn-alpha2-glycoprotein   gi|38026  34946 5.71        806 

11572 Immumoglobulin light chain   gi|218783338 24162 5.95        736 

11750 IgG kappa chain    gi|4176418 23690 6.92        460 

11633 Prostaglandin-H2 D-isomerase   gi|3217249 21243 7.99        109 

15497 Chain A, The X-ray crystal structure Refinements gi|44329 13810 5.35         530 

 of normal human transthyretin  

15533 Serum albumin variant   gi|456784 2975 5.61         85 

prostaglandin H2 D-isomerase เปนตัวท่ีทําหนาท่ีสราง cyclooxugenase-1 และ 2 (COX-
1 และ COX-2) ซ่ึง COX-2 ทําหนาท่ีเก่ียวของกับการอักเสบ ดังนัน้ผุวจัิยจึงทําการ validate ของ
โปรตีน prostaglandin H2 D-isomerase ดวยวิธี ELASA ในกลุมตัวอยางที่มากขึน้ พบวาท้ังสาม
กลุมผูปวยท่ี active มีปริมาณมากกวาผูปวย inactive กับคนปกติอยางมีนัยสาํคัญดงัรูปท่ี 7 

Zn-alpha-2-glycoprotein (ZAG) โครงสรางของ ZAG มีขนาดและน้าํหนักนอยกวา 
albumin ดังนัน้โปรตนี ZAG อาจจะเปนโปรตีนท่ีหลั่งออกมาในปสสาวะกอนโปรตนี albumin 
นอกจากนั้นผูวิจัยไดทําการตรวจสอบในกลุมประชากรที่มากขึ้นพบวามีการแสดงของ ZAG ใน
ปสสาวะของกลุมคนไข active มากกวากลุมคนไข inactive และกลุมคนปกติ อยางมนีัยสําคัญ ดงั
รูปท่ี 8 
 
 



 
 
 

 

 
   
 
 
 
 
 
 
 
 

    รูปท่ี 7 ระดับการแสดงออกของ PGD2 ในปสสาวะ ของผูปวยเทียบกบักลุมคนปกต ิ
 
 
 
 
 
 
 
 
 

 

   รูปท่ี 8 ระดับการแสดงออกของ ZAG ในปสสาวะ ของผูปวยเทียบกบักลุมคนปกต ิ
 นอกจากนั้นกลุมผูวิจัยยังไดทบทวนวรรณกรรมพบวามีการแสดงออกของโปรตีน Interferon-
inducible protein-10 (IP-10)  จากการศึกษา มีผูเขารวมการศึกษาทั้งหมด 28 ราย แบงเปนผูปวยกลุม
ไตอักเสบจากโรคลูปสที่มีอาการกําเริบที่ไดรับการตรวจวินิจฉัยโดยการตรวจชิ้นเนื้อไตทุกรายจานวน 18 ราย
และผูปวยกลุมไตอักเสบจากโรคลูปสอยูในระยะสงบ 10 ราย และกลุมควบคุม 10 ราย  ขอมูลในผูปวยกลุมไต
อักเสบจากโรคลูปสอาการกําเริบพบวา ผูปวย ชวงอายุระหวาง 23.75-33.50 ป มีคามัธยฐานของคะแนน renal 

SLEDAI อยูที่ 15 โดยชวงคะแนนอยูระหวาง 11-16 คะแนน  ขอมูลในผูปวยกลุมไตอักเสบจากโรคลูปสที่



อยูในระยะสงบ พบวา ผูปวยอายุเฉล่ียชวงอายุระหวาง 25.50-34.75 ป คามัธยฐานของคะแนน renal 

SLEDAI อยูที ่0 ขอมูลพ้ืนฐานโดยละเอียดแสดงดังตารางที ่3 
 
ตารางที่ 3 ขอมูลพื้นฐานของคนไขทัง้หมด 

 Active LN  Inactive LN  Healthy control P-value 

Number 

Urine IP-10 (pg/mg Cr) 

Class of LN 

Gender (F/M) 

Age (Year)  

SLEDAI score* 

Urine erythrocyte count*  (per 

HPF)  

Proteinuria* (g/day)  

Serum creatinine (mg/dL)  

Drug treatment, No. (%) of patients 

  Prednisolone Dose (mg/day) 

  Azathioprine 

  Mycophenolate mofetil   

  Enteric-coated mycophenolate 

sodium 

18 

0.49 (0.31-1.16) 

IV(15); III(3) 

17/1 

29.5 (23.75-

33.50) 

15 (11-16) 

12 (6.50-32.50) 

3.17 (2.16-5.02) 

0.9 (0.71-1.23) 

18 (100%) 

22.5 (7.50-50) 

4 (22%) 

6 (33%) 

8 (44%) 

10 

0.13 (0.07-0.16) 

Not done 

10/0 

28.5 (25.50-

34.75) 

0 

2 (0-2.50) 

0.12 (0.04-0.49) 

0.65 (0.60-0.80) 

10 (100%) 

2.5 (2.50-3.13) 

1 (10%) 

1 (10%) 

0 

10 

0.05 (0.01-0.09) 

- 

10/0 

24.5 (22.75-

27.50) 

- 

0 (0-2.25) 

1.5 (0-3) 

0.6 (0.52-0.68) 

- 

- 

- 

- 

- 

 

<0.001 

 

 

0.140 

<0.0001 

<0.0001 

<0.0001 

<0.0001 

 

<0.0001 

0.626 

0.364 

0.025 

 
ผลการศึกษาพบวาผูปวยกลุมไตอักเสบจากโรคลูปสที่มีอาการกาํเริบมีคามธัย

ฐานระดับโปรตีน IP-10 ในปสสาวะในชวงระหวาง 0.49(0.31-1.16) สูงกวากลุมผูปวยที่อยู
ในระยะสงบซึ่งมีคาระหวาง 0.13(0.07-0.16) และกลุมควบคุม0.05(0.01-0.09) โดยผูปวย
กลุมไตอักเสบจากโรคลูปสที่มีอาการกาํเริบมีการแสดงที่สงูกวากลุมทีม่ีอาการสงบ
และควมคุบแตกตางกันอยางมีนัยสําคัญทางสถิติ (P<0.001) นอกจากนั้นพบวามี
ความสมัพันธกับระดับ IP-10 ในปสสาวะซ่ึงแสดง ROC curve พบวาสามารถพยากรณ
ความลมเหลวระหวางกลุมผูปวยทั้งสองกลุมได โดยคา cut off  อยูที่ 0.20 pg/ml ซ่ึงคา
ดังกลาวจะมคีวามไวประมาณรอยละ 94 และความจําเพาะประมาณรอยละ 100  

นอกจากนี้ผูวิจัยไดศึกษาเพิ่มเติมโดยการหาความสัมพันธระหวาง lupus activity 
parameters ตางๆทั้งจากลักษณะทางคลินิกกบัระดับโปรตีนของ IP-10 ในปสสาวะ พบวา 
SLEDAI (r = 0.87; p-Value <0.001) และคายอยของ renal SLEDAI ทุกตัว (SCr r = 0.6; 
p-Value < 0.001, Urine RBC r = 0.82; p-Value = 0.001, urine protein r = 0.76; p-Value < 



0.001) นอกจากนั้นยงัพบวาเมื่อติดตามผูปวยไปทุกๆสองเดือน ผูปวยทท่ีมีการตอบสนองตอการ
รักษาไดดใีนชวงเวลา 6 เดือนจะมีระดับ urine IP-10 ลดลงเมื่อเทียบกับผูปวยท่ีไมมีการตอบสนอง
ตอการรักษา (p=0.004) (รูปท่ี 9) 

�  
รูปท่ี 9 ระดับการแสดงออกของ IP-10 protein ในปสสาวะของผูปวย lupus nephritis
หลังจากไดรับการรักษาดวย immunosuppressive treatment เปนระยะเวลา 6 เดือน 
 

Part 4: Therapeutic drug monitoring 
ผลการทดลองพบวามีผูปวยท้ังหมด 18 ราย ผูปวยท้ังหมดมีพยาธิสภาพ class III, IV และ 

IV+V ผูปวย 12 ไดรับการรักษาดวยยา MMF อีก 6 รายไดรับการรักษาดวย EC-MPS  ซ่ึงผูปวยจะ
ถูกเจาะเลือดในเวลา 0, 0.5, 1, 2, 3, 4, 8 และ 12 ชั่วโมง นําคาท่ีไดไปคาํนวณหาพืน้ท่ีใคระดับยาทุก
จุดเวลาตางๆ  ภายหลงัการใหยาในชวงเวลา 12 ชั่วโมง (MPA AUC 1-12) ดงัตารางที่ 4 
นอกจากนั้นยงัพบวา AUC0-12 ของ MPA ในกลุมผูปวยท่ีมีคาของ MPA AUC 0-12 สูงมีเปอรเซ็นต
การตอบสนองตอการรักษาสูงกวาผูปวยท่ีมีคา MPA AUC 0-12 ท่ีต่ํากวาอยางมนีัยสําคัญทางสถิติ 
ผูปวยท่ีมีคา MPA -AUC 0-12 นอยกวา 30 h*mg/L มีเปอรเซ็นตการตอบสนองตอการรักษา 0% 
เม่ือเทียบกับผูปวยมีคา MPA AUC 0-12 อยูระหวาง 30-60 และ มากกวา 60 h*mg/L ผูปวยมี
เปอรเซ็นตการตอบสนองตอการรักษาเพิ่มเปน 60% และ 100% ตามลําดับ ดงัรูปท่ี 10 นอกจากนั้น
กลุมผูวิจัยพบวาคา AUC1-12 ของ MPA   ไมมีความสัมพนัธกับขนาดของยา ซ่ึงระยะเวลาที่ระดับ 
MPA จะสูงสุดหลังจากรับประทาน  1 ชั่วโมง (r = 0.92, P < 0.001)  และมีความสัมพันธกับกลุมท่ี
ตอบสนองตอการรักษา (24.48 ± 11.82 mg/L VS. 5.96 ± 3.93 mg/L; p=0.01)  กลุมผูวิจัยยังไดหา
ความสัมพันธระหวาง plasma MPA concentration ท่ีจุดเวลาตางๆโดยเฉพาะ C0, C1, C4 และ C8 
กับ  MPA AUC 0-12ในผูปวยท่ีไดรับยา MMF เพื่อสรางเปน model ตางๆเพื่อใชทํานายคา MPA 
AUC 0-12 ในผูปวยท่ีไดรับยา MMF และแสดงคา correlation coefficient ดังภาพที่ 11 พบวะดับยา
ของ , C1, C4 และ C8 มีความสัมพันธกับ MPA AUC 0-12อยางมนีัยสําคญัทางสถิติในผูปวยท่ีไดรับ
ยา MMF ทําใหกลุมผูวิจัยพบวา คา AUC1-12 ของ MPA มีความสัมพันธกับการตอบสนองตอการ
รักษา การควบคุมความเขมขนของระดบัยา MPA  มีผลตอการประสิทธิภาพในการรักษาของผูปวย
ไตอักเสบลูปส 

 

Table 4: Pharmacokinetic parameters of mycophenolic acid (MPA) after oral 
administration of 1-1.5 g/day MMF and 1,080-1,440 mg/day EC-MPS in patients with 
class III or IV lupus nephritis 



Parameters MMF (n=12) 
Means ± SD. 

EC-MPS (n=6) 
Means ± SD. 

C 0 (mg/L) 
C 0.5 (mg/L) 
C 1 (mg/L) 
C 2 (mg/L) 
C 3 (mg/L) 
C 4 (mg/L) 
C 8 (mg/L) 
C 12 (mg/L) 
AUC 0-12 (h*mg/L) 
Cmax (mg/L) 

Tmax (hours) 
Dosage (mg./day) 
Dosage/ IBW (kg.) 

2.47 ± 1.33 
7.08 ± 7.16 
18.3 ± 13.28 
6.72 ± 2.26 
4.05 ± 2.64 
3.37 ± 2.11 
3.38 ± 2.19 
2.59 ± 1.9 

57.97 ± 29.38 
19.43 ± 12.01 
1.54 ± 1.03 

1,416.67 ± 194.63 
28.07 ± 5.39 

2.73 ± 1.46 
2.68 ± 1.46 
2.02 ± 0.7 
7.48 ± 5.83 
6.23 ± 4.85 
3.59 ± 1.99 
2.92 ± 2.04 
2.14 ± 1.54 
42.44 ± 9.86 
10.12 ± 5.13 
3.25 ± 2.52 

1,260 ± 197.18 
25.37 ± 7.19 

MMF: mycophenolate mofetil; EC-MPS: enteric-coated mycophenolate sodium; AUC 0-12: area under the 
concentration-time curve for 0  to 12 hours; Cmax: maximum concentration of drug; Tmax: maximum drug concentration; 
C0: trough plasma concentration of mycophenolic acid; C 0.5, C1, C2, C3, C4, C8, and C12: plasma concentrations of 
mycophenolic acid at 0.5, 1, 2, 3, 4, 8 and 12 hours post-dose, respectively; IBW: ideal body weight.  
 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
  รูปท่ี 10 แสดงคาระดับคา MPA – AUC กับเปอรเซ็นตการตอบสนองตอการรักษา 



 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
 

รูปท่ี 11 แสดงความสัมพันธของระดับยา MPA-AUC ในแตละจุดเวลา 
การศึกษานี่ไดตีพิมพเปนสวนหนึ่งใน Kidney International. 2010; 12: 1340-1348 

(Paungpaga Lertdumrongluk, Poorichaya Somparn, Wonngarm Kittanamongkolchai, Opas 
Traitanon, Somratai Vadcharavivad, Yingyos Avihingsanon. Pharmacokinetics of 
mycophenolic acid in severe lupus nephritis. Kidney International (2010) 78, 389–395.) 
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Decreased renal expression of vascular endothelial
growth factor in lupus nephritis is associated with
worse prognosis
Yingyos Avihingsanon1,2, Thitima Benjachat1, Adis Tassanarong3, Pimpayao Sodsai1, Vipawee Kittikovit1,4

and Nattiya Hirankarn1,5

1Renal Division, Lupus Research Unit, Department of Medicine, Faculty of Medicine, Chulalongkorn University, Bangkok, Thailand;
2Department of Medicine, Chulalongkorn University, Bangkok, Thailand; 3Department of Medicine, Faculty of Medicine, Thammasart
University, Pathumthani, Thailand; 4Department of Pathology, Chulalongkorn University, Bangkok, Thailand and 5Department of
Microbiology, Faculty of Medicine, Chulalongkorn University, Bangkok, Thailand

Recent studies suggest that vascular endothelial growth

factor (VEGF) plays a crucial role in the preservation of renal

function and may also serve as a useful biomarker in

monitoring the progression of lupus nephritis (LN). Here we

sought to correlate intrarenal VEGF expression with renal

histopathology and prognosis of LN. Biopsy specimens from

35 patients with Class III or IV LN (ISN/RPS categorization)

were found to have lower levels of intrarenal VEGF than

those found in biopsy tissue taken from 10 donor kidneys

sampled at the time of allograft reperfusion. This reduced

amount of VEGF mRNA in the patients with LN negatively

correlated with glomerular endocapillary proliferation,

crescent formation, and a high histologic activity index but

was positively associated with increased numbers of urinary

podocytes. The level of intrarenal VEGF mRNA accurately

predicted the deterioration of renal function in these patients

within 12 months. Our study shows that expression of VEGF

in renal tissue may serve as a molecular marker of renal

damage and may be a predictive factor for short-term loss of

kidney function in patients with LN.

Kidney International (2009) 75, 1340–1348; doi:10.1038/ki.2009.75;

published online 18 March 2009

KEYWORDS: biomarker; lupus nephritis; molecular diagnosis; podocyte;

VEGF; WT-1

Proliferative lupus nephritis (LN) is the most common and
severe histology of LN.1 Steroids and cytotoxic drugs remain
the most commonly used treatments despite the many
associated adverse events.2 Renal histology is essential for the
selection of proper treatment and prognostication of the
disease.3 Specific histological findings, such as crescent
formation, may determine prognosis.3 However, immunosup-
pressive therapy could mitigate such pathology and therefore
improve renal prognosis.4 Since the discovery of the molecular
mechanisms of systemic lupus erythematosus (SLE), novel
immunosuppressive therapies have been introduced.5 Never-
theless, the mechanism of the loss of renal function remains
unknown.6 Studies of intrarenal molecular signatures could
reveal the molecular mechanism of the disease and predict
renal prognosis.7–9 Finally, molecular classification may be
integrated into the histological classification of LN.

The integrity of the glomerular and peritubular capillaries
is vital for renal function. Progressive capillary loss, with
obliteration of the microvasculature, frequently accompanies
fibrosis, which is a characteristic feature of progressive renal
disease.10,11 Progression of glomerulopathy is, at least in part,
due to loss of glomerular integrity. Vascular endothelial
growth factor (VEGF) promotes survival, proliferation, and
differentiation of glomerular endothelial cells.12 Decreased
expression of VEGF has been associated with various
glomerulopathies such as crescentic glomerulonephritis, focal
glomerulosclerosis, IgA nephropathy, pre-eclampsia, and
aging kidneys.10,13,14 Administration of VEGF has been
shown to stabilize kidney function in many models including
the remnant model, thrombotic microangiopathy, and
chronic cyclosporine nephropathy.15–18 The protective
actions were principally mediated through preservation of
glomerular and peritubular capillary structures.18 A recent
study in human diabetic nephropathy has confirmed the role
of VEGF in maintaining renal vasculature and identified it as
a novel biomarker.19 The growing evidence supports the
potential role of VEGF in SLE and nephritis, but the studies
remain inconclusive.13,20–23
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Intrarenal quantitative gene expression may be used
for grading of disease severity.8 For instance, intrarenal
transforming growth factor-b (TGF-b) gene expression could
determine progression of chronic kidney disease.9 In LN, it is
difficult to determine prognosis at the time of renal flare. In
an earlier study, we suggested a serial non-invasive measure-
ment of urinary mRNA for chemokines and growth factors
that could predict the prognosis of this disease.24 In this
study, we aim to determine an association between intra-
renal molecular signatures and renal histology. Furthermore,
we determined whether the molecular signature in the kidney
could predict the progression of LN.

RESULTS
Patients

Fifty-one biopsy samples were obtained during a diagnostic
process of clinically active LN. Ten samples were excluded
due to an inadequate number of glomeruli (less than five) or
chronic scarring glomeruli. Six samples from patients with
LN class V were excluded. Thirty-four samples were from
female patients. Mean (s.e.) age was 31 (1.27) years. The
mean (s.e.) SLE disease activity index (SLEDAI)25 and level of
serum creatinine, 24 h urine protein, and erythrocyturia were
10.58 (0.91), 1.74 (0.26) mg per 100 ml, 3.53 (0.47) g/day,
and 32.70 (15.47) cells per high power field, respectively
(Table 1).

Ten samples of implantation biopsies from donor kidneys
were used as controls. Six kidney samples were from living

donors, and four were from deceased donors (Table 1).
Histological examination of the wedge-biopsies showed
unremarkable findings except for minimal tubular injury.

Renal histology of LN

Eight samples were class III and 27 were class IV by the ISN/
RPS classification of LN, respectively. More details of renal
histology are shown in Table 1. The mean (s.e.) of renal
activity and chronicity indices were 7.49 (0.85) and 4.06
(0.53), respectively. Crescent formation was observed in 12
samples (34%). Other pathologies observed in the samples
were endocapillary proliferation (82%), fibrinoid necrosis
(34%), glomerular neutrophil infiltration (65%), and
thrombotic microangiopathy (16%).

Intrarenal expression of VEGF in LN

The levels of VEGF mRNA in the kidneys of LN patients
(n¼ 35) were decreased as compared with the implantation
biopsies of kidney donors (n¼ 10) (�0.64±0.05 vs
�0.08±0.13 log copies; Po0.001) (Table 1). The levels of
heme-oxygenase-1 (HO-1) were decreased in LN
(�0.45±0.06 vs 0.30±0.26 log copies; P¼ 0.002), whereas
the levels of TGF-b and angiopoeitin-1 (ANGPT-1) were not
different between patients and controls (�0.13±0.06 vs
�0.03±0.15 log copies; P¼ 0.22 and (0.60±0.08 vs
0.16±0.38 log copies; P¼ 0.44).

Intrarenal VEGF mRNA levels were lower in samples with
crescent formation (�0.98±0.03 vs �0.62±0.05 log copies;

Table 1 | Clinical and histological variables at the time of biopsya

Controlsb Patients P-value

Number 10 35
Gender (female/male) 2/8 34/1
Age (years) 33.40±3.76 31.74±1.27 0.74

Clinical parameters
Serum creatinine (mg per 100 ml) 1.18±0.13 1.74±0.26 0.93
Proteinuria (g/day) 0 3.53±0.47 o0.001
Urinary erythrocyte count (per high power) 0 32.70±15.47 o0.001
MDRD-GFR (ml/min per 1.73 m2)c 81.10±9.80 66.36±6.84 0.49

SLEDAId NA 10.58±0.91
Steroid dose (mg/day) 0 32.20±6.64 o0.001
Activity index NA 7.49±0.85
Chronicity index NA 4.06±0.53

Renal histology
III (S), (G) NA 7, 1
IV (S), (G) NA 10, 17
III (A), (A/C) NA 4, 4
IV (A), (A/C) NA 16, 11

Intrarenal mRNA levels
VEGF �0.08±0.13 �0.64±0.05 o0.001
HO-1 0.30±0.26 �0.45±0.06 0.002
TGF-b �0.03±0.15 �0.13±0.06 0.22
Angiopoeitin-1 0.16±0.38 0.60±0.08 0.44

aData are expressed as mean±s.e.
bControl: implantation biopsy from six living donors and four deceased donors.
cMDRD-GFR, glomerular filtration rate at the time of biopsy.
dSLEDAI, Systemic Lupus Erythematosus Disease Activity Index.25

A, active; C, chronic; G, global; HO-1, heme-oxygenase-1; NA, not applicable; S, segmental; TGF-b, transforming growth factor-b; VGEF, vascular endothelial growth factor.
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P¼ 0.04). The biopsy samples with diffuse endocapillary
proliferation (X25% of glomeruli) expressed lower VEGF
levels (�0.72±0.05 vs �0.44±0.06 log copies; P¼ 0.003).
Samples with a high activity score (score X3 of total 24)
expressed lower VEGF levels (�0.70±0.05 vs �0.40±0.07
log copies; P¼ 0.009). However, samples with glomerular
neutrophil infiltration (X25% of glomeruli) showed no
difference in VEGF levels (�0.67±0.08 vs �0.62±0.05 log
copies; P¼ 0.09). Figure 1a–d shows that the presence of
crescent formation, endocapillary proliferation, and a high
activity index were associated with decreased VEGF mRNA
levels.

Correlation between VEGF, TGF-b, AGPT-1, and HO-1

As there is a functional relationship among genes in the
hypoxia-inducible pathway, such as VEGF, TGF-b, AGPT-1,
and HO-1, we attempted to determine the association
between each mRNA level in the biopsy tissues. Figure 2a–c
shows that mRNA levels of VEGF were associated with TGF-
b (R¼ 0.41, P¼ 0.02) and HO-1 (R¼ 0.65, Po0.0001), but
not ANGPT-1 (R¼ 0.15, P¼ 0.41) mRNA levels.

Immunohistochemistry localization of VEGF within renal
biopsies

In kidney donors, the VEGF protein was expressed on
podocytes and markedly expressed on tubular epithelial cells
(Figure 3c and e). In LN, weak VEGF staining was observed

in all samples (Figure 3b, d and f). The VEGF protein was
scarcely seen on glomeruli and tubular epithelial cells of
samples with diffuse endocapillary proliferation (Figure 3b)
or crescent formation (Figure 3d).

Intrarenal VEGF mRNA levels predict a loss of renal function
within 12 months

Active LN patients were treated with standard therapy (see
Materials and Methods) and were followed for 12 months
after kidney biopsy. Of all 35 patients, 10 patients
experienced a loss of their renal function within 12 months
(doubling serum creatinine levels or end-stage renal disease
(ESRD)). We performed receiver operating characteristic
analysis to determine the best cutoff that had the maximal
sensitivity and specificity based on a loss of renal function.
The mRNA cutoff level of �0.63 log copies could predict a
loss of renal function with negative and positive predictive
values of 100 and 53%, respectively. We observed that 53% of
patients with low VEGF mRNA levels, but none of the
patients with high levels, experienced loss of their renal
function within 12 months. Patients with low VEGF mRNA
levels had a significantly increased risk of loss of renal
function, including doubling serum creatinine levels, ESRD,
or both events combined (Po0.001 by log-rank test) (Figure
4a–c). In contrast, crescent formation and a high renal
activity index were not associated with ESRD (data not
shown).
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Urinary loss of podocytes is associated with active LN

In an earlier study, we reported an increase in urinary VEGF
levels in patients with biopsy-proven proliferative LN.24

Although tubular epithelial cells are the main source of VEGF
in the kidney, we hypothesized that the reduction of intra-
renal VEGF in this study may partly be explained by a loss of
podocyte cells into the urine. We therefore analyzed the
relationship between mRNA levels from urine cells and renal
tissue during active LN. To perform a proper comparison,
urine samples were collected from patients (n¼ 21) on the
day of renal biopsy. There was a significant association
between urinary WT-1 (podocyte marker) and VEGF mRNA
levels (Figure 5a) (R¼ 0.51; P¼ 0.02). Urine WT-1 and
VEGF mRNA levels were increased in active LN (urine
WT-1¼ 2.88±0.25 and VEGF¼ 2.14±0.23 log copies). In
contrast, intrarenal WT-1 and VEGF mRNA levels were
decreased in active LN (renal WT-1¼�0.56±0.08 and
VEGF¼�0.73±0.14 log copies) (Figure 5b).

DISCUSSION

Renal histology study is essential for guidance of patient
management and for predicting prognosis of renal disease.26

Patients with proliferative LN (ISN/RPS class III or IV) are
inevitably destined for chronic or end-stage kidney dis-
ease.27,28 The use of currently available immunosuppressive
treatment has significantly improved renal prognosis.29

However, physicians have been unable to readily predict
individual responses until patients finish a 6-month course of
immunosuppressive treatment.28 In general, a loss of renal
function within 6 months after induction of treatment could
determine long-term prognosis.3 In this retrospective study,

intrarenal VEGF expression was decreased in severe LN.
Moreover, VEGF expression at the time of renal flare may be
a useful predictor of poor renal function within 12 months.
Molecular biomarkers may be useful in the diagnosis and
prognosis of LN in the future.

Several studies have suggested that VEGF plays a key role
in endothelial cell proliferation and capillary repair.16,18,30 In
the model of membranoproliferative GN, blockade of the
VEGF165 protein could lead to progressive renal damage.31 In
the remnant kidney model, VEGF is reduced in both
glomeruli and tubular cells, which could be corrected by
VEGF replacement.17 VEGF could enhance endothelial cell
repair as well as increase angiogenic response of peritubular
capillaries.32 It is known that VEGF can alter endothelial cell
growth, integrity, and function and may eventually con-
tribute to glomerulopathy.12,18,30 It is expected for reduced
endocapillary proliferation to be associated with decreased
VEGF. This study could not determine such an association.

Vascular endothelial growth factor has been shown to
stabilize kidney function in animal models of thrombotic
microangiopathy16 and chronic cyclosporine nephropathy.17

The protective actions were principally mediated through
preserved glomerular and peritubular capillary structures.18

This may help to preserve glomerular filtration rate by
maintaining glomerular capillary filtration surface area as
well as preventing tubulointerstitial fibrosis.18 This vascular
protective action of VEGF could explain, in this study, an
association between intrarenal VEGF and a loss of renal
function in 12 months. Furthermore, histological evidence in
this study showed expression of VEGF in both the glomeruli
and the tubular cells of kidney donors, whereas there was a
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marked reduction of VEGF in both structures of kidneys with
active LN.13,33 A study of renal tubular cell lines found that
VEGF acts as a survival factor by induction of cell
proliferation and antiapoptotic responses.34 The expression
of VEGF in renal tubules may result to protect against injury
such as hypoxia, ischemia/reperfusion, hypokalemia, or
oxidative stress.34–36

In this study, intrarenal HO-1 expression was well
correlated with VEGF expression. The mRNA levels of both
genes were decreased in LN as compared with kidney donors.
In human kidney transplantation, both HO-1 and VEGF
mRNA levels have been shown to be decreased in deceased
donors (prolonged ischemia time) as compared with living
donors (short ischemia time).33 In this study, the levels of
VEGF decreased as the severity increased; therefore, further
studies are needed to clarify the role of hypoxic injury in LN.

Studies of serum VEGF in SLE patients have shown higher
levels of VEGF in patients with active SLE than in patients
with inactive SLE or healthy individuals.20–22 It is difficult to
compare VEGF expression among the studies, as the
quantification methods and studied samples (serum versus
tissue) were different.23 The local effects of VEGF may be
different from the systemic responses. The variation of
patients’ characteristics and immunosuppressive treatments
may be considered to be confounding factors. It should be
noted that patients received a moderately high doses of
steroids in this study, although we did not find a relationship
between steroid dose and molecular profiling. Furthermore,
serum VEGF levels may not be associated with intrarenal
VEGF levels, as we may detect VEGF expression from
different cell sources. For instance, the serum VEGF may
originate from vascular endothelial cells, whereas renal VEGF,

Figure 3 | Immunohistochemistry localization of VEGF within renal biopsies of patients with lupus nephritis or kidney donors
(implantation biopsy). (a) Sections were not stained with control monoclonal antibodies. (b) VEGF protein was absent in crescentic
glomeruli of patients with lupus nephritis but markedly expressed in glomeruli of implantation biopsies of kidney donors (c); inset shows
VEGF± podocyte cells (arrows). (d) VEGF was scarcely seen in glomeruli with endocapillary proliferation of lupus nephritis. (e) VEGF was
ubiquitously expressed on tubular epithelial cells of donor kidney tissues but was reduced in the tubulointerstitium of kidneys of patients
with lupus nephritis (f). (Original magnification� 400, except inset� 600).
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in this study, originates from tubular epithelial cells and
podocytes.34,37 Finally, patients with different stages and
levels of severity of SLE may show different patterns of VEGF
expression.13,22

We previously reported an association between urinary
VEGF expression and active proliferative LN,24 whereas in
this study, an inverse relationship between intrarenal VEGF
and histological activity was found. This has been validated
by performing mRNA studies from same-day collection of
urine and renal tissue. Figure 5 shows an inverse relationship
between urine and intrarenal VEGF mRNA levels. We
hypothesize that there may be a significant urinary podocyte

loss in the active LN.37 Although tubular epithelial cells are
the main source of VEGF in the kidney, urinary podocyte loss
may partly contribute to a reduction of VEGF in crescent
formation.37 Selective knockout of VEGF in the podocyte
showed impaired glomerular capillary formation due to a
loss of endothelial cells, supporting the important role of
VEGF in podocytes in maintaining capillary integrity.38 Yu
et al.39 showed that urinary podocyte loss is associated with
glomerular damage in both primary and secondary glomer-
ulonephritis in mice. We confirmed that there was urinary
podocyte loss in LN by demonstrating an increase in urinary
WT-1 mRNA levels of patients with active nephritis
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(Figure 5). It would be interesting to further determine
whether urinary podocyte numbers might be a functional
biomarker for disease activity.

In conclusion, this study shows the pivotal role of renal
VEGF expression in human LN. Patients with proliferative
LN who had decreased intrarenal VEGF expression are at risk
for a rapid decline of renal function. At the time of renal
flare, the combination of renal pathology such as class III/IV
LN and reduced VEGF expression could predict poor renal
survival. Intrarenal VEGF may become a candidate surrogate
marker for targeting therapy and in development of clinical
trials.

MATERIALS AND METHODS
Patients

A total of 51 patients underwent renal biopsy for diagnostic
evaluation of active LN between 2002 and 2005. All patients
had been diagnosed with SLE according to the 1997 American
College of Rheumatology criteria. All biopsies were examined
by one pathologist (VK) who was not aware of the results of
the molecular study. The samples were classified according to
the histological types of LN using the ISN/RPS classification.40

Six samples from patients with LN class V were excluded from
the study. Ten samples were excluded because of inadequate
number of glomeruli (less than five) or chronic scarring
glomeruli. In class III or IV LN, patients were treated with
oral prednisolone plus a 6-month course of intravenous
cyclophosphamide41 or oral mycophenolate mofetil.42 In
rapidly progressive renal failure from crescentic LN, three
consecutive doses of intravenous methylprednisolone were
given and three sessions of plasmapheresis were performed.
The patients then received oral prednisolone plus a 6-month
course of intravenous cyclophosphamide.43

The control group consisted of kidney samples from
implantation biopsies after reperfusion of kidney allografts.
Inclusion criteria were living or deceased donors with normal
serum creatinine levels and donor age of less than 55 years.
The kidney samples from patients with delayed graft function
or prolonged ischemia time were excluded.

The study was approved by the Ethics Committee for
Human Research of the Faculty of Medicine, Chulalongkorn
University, and written informed consent was obtained from
all patients.

Renal histology

Paraffin sections were stained with hematoxylin and eosin,
periodic acid-Schiff, trichrome, and silver for light micro-
scopy. The specimens were scored for activity and chronicity
indices as described earlier.1 The maximum scores of the
activity index and chronicity index were 24 and 12,
respectively. The activity index was the sum of semiquanti-
tative scores of the following parameters: endocapillary
proliferation, fibrinoid necrosis, cellular crescents, leukocyte
infiltration, hyaline thrombi, and interstitial infiltration.
The chronicity index was the sum of semiquantitative
scores of the following parameters: glomerular sclerosis,

fibrous crescents, interstitial fibrosis, and tubular atrophy.
A percentage of each parameter was calculated by the
equation:

Percentage of each pathology ¼ðNumber of involved glomeruli=

Total number of obtained glomeruliÞ�100%

RNA isolation from renal biopsy samples

Diagnostic renal biopsy specimens from LN patients were
obtained and stored at �801C. RNA isolation, quantification,
and reverse transcription into complementary DNA were
performed as described earlier.8

Quantification of mRNA

The mRNA of 18s rRNA, VEGF, ANGPT-1, TGF-b, and
HO-1 were measured using a Light Cycler machine (Roche
Molecular Biochemicals, Indianapolis, IN, USA). The
sequences of primers and fluorescence probes are as follows:
18s rRNA sense, 50-gcccgaagcgtttactttga-30; 18s rRNA anti-
sense, 50-tccattattcctagctgcggtatc-30; 18s rRNA probe, 50FAM-
aaagcaggcccgagccgcc-TAMRA30; VEGF sense, 50-cctacagcacaa
caaatgtgaatg-30; VEGF antisense, 50-caaatgctttctccgctctga-30;
VEGF probe, 50FAM-caagacaagaaaatccctgtgggcct-TAMRA30;
ANGPT-1, sense 50-tgcaaatgtgccctcatgtta-30; ANGPT-1 anti-
sense, 50-tcccgcagtatagaacattcca-30; TGF-b sense, 50-ccctgcccc
tacatttggag-30; TGF-b antisense, 50-ccgggttatgctggttgtaca-30;
TGF-b probe, 50FAM-cacgcagtacagcaaggtcctggcc-TAMRA30;
HO-1 sense, 50-gcccttcagcatcctcagttc-30; HO-1 antisense,
50-ggtttgagacagctgccacat-30; HO-1 probe, 50FAM-tgcagcaga
gcctggaagacaccc-TAMRA30. All primer pairs were designed to
span across an intron–exon boundary to distinguish ampli-
fication of genomic DNA. Each PCR was carried out in a
20 ml reaction volume composed of 2 ml of cDNA template
and 18 ml of a real-time PCR mastermix that contained 10 ml
of 2�QuantiTech Probe Mastermix (Qiagen Inc., Chat-
worth, CA, USA), 0.5 mM forward primer, 0.5 mM reverse
primer, and 0.2 mM probe. No fluorescent signal was
generated by these assays when genomic DNA was used as
a substrate, which confirmed that the assays measured only
mRNA. The levels of mRNA were analyzed by a comparative
method.44 The reference RNA was a pool of RNA from
implantation kidney biopsies of live-donors. To control
possible variation among PCR runs, VEGF and an 18s rRNA
plasmid (housekeeping gene) were used as calibrators. The
PCR amplicon for 18s rRNA was used for developing
standard curves. The standard curves were based on the
principle that a plot of the log of the initial target copy of a
standard versus threshold cycles results in a straight line. The
levels of mRNA were expressed as the number of copies per
microgram of total RNA isolated from renal biopsy tissues.

Immunohistochemistry

For immunohistochemistry, tissue samples were fixed in 4%
buffered paraformaldehyde and embedded in paraffin.
Deparaffinized sections were heated in a microwave oven
with sodium citrate buffer. The rabbit anti-VEGF-A antibody
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sc152 (Santa Cruz Biotechnology Inc., Santa Cruz, CA, USA;
dilution of 1:100) and an Envision reagent kit (Dako,
Carpinteria, CA, USA) were used. The color product of
peroxidase was developed by the 3,5 diaminobenzidine
substrate and counterstaining with hematoxylin. Negative
controls included normal rabbit IgG.

Quantitation of the urine podocyte marker and VEGF

To properly compare intrarenal and urinary gene expression,
a 50 ml urine sample was collected on the day of kidney
biopsy. The urine sample was immediately centrifuged after
collection at 1000 g for 30 min at 41C. Total RNA was isolated
from the cell pellets using an RNA blood mini kit (Qiagen,
Chatworth, CA, USA), measured for concentration, and
reverse transcribed into complementary DNA as described
earlier.24,45 The mRNA levels of VEGF, WT-1 (podocyte
marker), and 18s rRNA (housekeeping gene) were measured
as described above.

Statistical analysis

Statistical analysis was performed using the SPSS software
(version 11.5, SPSS Inc., Chicago, IL, USA). The levels of
mRNA deviated significantly from the normal distribution
(Po0.001) and were reduced by log-transformation. All data
are given as mean and s.e. The Mann–Whitney test was used for
comparison between the two groups. The relationship between
the mRNA levels of each group was estimated with Spearman’s
r correlation. A loss of renal function was determined by a
doubling of serum creatinine calculated from the renal biopsy
date or ESRD. The criteria of ESRD included having a
calculated MDRD-GFR below 15 ml/min or initiation of renal
replacement therapy (dialysis or transplantation). To distin-
guish patients who had a loss of renal function, a receiver
operating characteristic curve of mRNA levels was used to
determine the cutoff levels that maximized the combined
sensitivity and specificity. We estimated the probabilities of a
loss of renal function using the Kaplan–Meier method and
compared them using a log-rank test. All P-values below 0.05
were considered statistically significant.
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PAPER

Defects in Notch1 upregulation upon activation
of T Cells from patients with systemic lupus erythematosus

are related to lupus disease activity

P Sodsai1,2, N Hirankarn1,2,3, Y Avihingsanon1,4 and T Palaga2,5
1Lupus Research Unit, Chulalongkorn University, Bangkok, Thailand; 2Inter-Department of Medical Microbiology, Graduate School, Chulalongkorn
University, Bangkok, Thailand; 3Department of Microbiology, Faculty of Medicine, Chulalongkorn University, Bangkok, Thailand; 4Department of

Medicine, Faculty of Medicine, Chulalongkorn University, Bangkok, Thailand; and 5Department of Microbiology, Faculty of Science,
Chulalongkorn University, Bangkok, Thailand

Systemic lupus erythematosus (SLE) is an autoimmune disorder characterized by the production of
autoantibodies and deposition of immune complexes in various organs. T cells play a central role in
driving disease progression, andmultiple defects in T cells from patients with SLE have been uncov-
ered. Notch signalling is an evolutionarily well-conserved signalling cascade involved in the prolif-
eration, differentiation and apoptosis of T lymphocytes during development and peripheral effector
functions. In this study, we investigated the correlation between expression of Notch receptor and
the severity of SLE disease. On the contrary to T lymphocytes from healthy controls (n = 11),
T lymphocytes from patients with active SLE (n = 12) failed to upregulate Notch1 upon in-vitro
stimulation as quantified by quantitative real time RT-PCR (P ≤ 0.025). Among patients with inac-
tive SLE (n = 10), those with late onset of flare exhibited significantly less Notch1 upregulation
compared with SLE patients with remission. Expression of theNotch target genes,Hes1 and deltex,
was also lower in patients with active SLE. The decrease in Notch1 mRNA expression was consis-
tent with less Notch1 protein expression in patients with active SLE. The defects in Notch1 upre-
gulation correlated with decreased proliferation, CD25 and Foxp3 expression upon stimulation in
vitro. Taken together, the failure of T cells to upregulate Notch1 upon activation may be a key
feature of active SLE and a potential therapeutic target. Lupus (2008) 17, 645–653.

Key words: activation; disease activity; notch receptor; SLE; T cells

Introduction

Systemic lupus erythematosus (SLE) is an autoim-
mune disorder characterized by a wide spectrum of
clinical manifestations. It is prominently characterized
by abundant production of autoantibodies and the
deposition of immune complexes in various tissues
such as the kidney, central nervous system, and
skin.1 Because of the nature of autoantibody produc-
tion in this disease, hyperactivation of B lymphocytes
are considered to play a central role in disease onset.2
In addition to B lymphocytes, evidence suggesting the

involvement of T lymphocytes in pathogenic events
leading to disease flares have been reported.3 Cyto-
kines derived from T-helper lymphocytes have been
implied in driving affinitymaturation of immunoglob-
ulin present in high levels of serum from patients with
SLE.4 Furthermore, defects in signalling molecules of
the T-cell receptor (TCR) complex and co-stimulatory
molecules have been reported in SLE.5 Although still
controversial, the abnormalities in regulatory T cells
with essential immune regulatory functions have also
been suggested in SLE.6–8 Therefore, T lymphocytes
are considered to play an important role in the aetiol-
ogy of SLE and knowledge of the T-cell defects may
lead to a novel therapeutic intervention of autoim-
mune disorders, including SLE.9

Notch signalling is an evolutionarily well-
conserved signalling pathway. It was first discovered
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and studied in Drosophila melanogaster as a neuro-
genic gene involved in cell fate decision during neuro-
nal development.10 Extensive studies have uncovered
and broadened its role in regulating differentiation,
proliferation and apoptosis in a wide spectrum of tis-
sues, including haematopoietic cells. Various target
genes of Notch have been identified such as Hes1
and Deltex. Mammals have four Notch receptors,
Notch1–4, and five distinct Notch ligands, Jagged1-2
and δ-like 1, 3 and 4. During the development and
differentiation of T lymphocytes, Notch signalling
plays an essential role in governing T/B lineage deci-
sion and cell proliferation, as well as influencing posi-
tive and negative selection and CD4/CD8 lineage
choices.11 Notch signalling also regulates the develop-
ment and functions of T lymphocytes in the periphery
during Th1/Th2 differentiation.12 In addition, Notch
has also been implied in regulating development of
naturally occurring regulatory T cells as overexpres-
sion of the activated form of Notch3 enhances the
generation of regulatory T cells.13 Furthermore, over-
expression of Notch ligands in APC leads to the devel-
opment of antigen-specific regulatory T cells and the
Notch/Hes axis is reported to be essential for the sup-
pressive functions of TGFβ+ regulatory T cells.14,15

Defects in Notch signalling have been linked to sev-
eral models of autoimmune disorder. Decreasing
Notch signalling with pharmacological approaches
protects animals from experimental autoimmune
encephalomyelitis through down-regulation of T-bet
expression.16 Partial loss of presenilins, components
of the enzyme γ-secretase, which is responsible for
Notch receptor processing upon ligand engagement,
results in severe autoimmune disease phenotypes.17
In addition, presenilin2 is differentially expressed in
human SLE T lymphocytes.18 A direct link between
defects in Notch signalling and SLE, however, is still
missing. In this study, we investigated the expression
of Notch1 and one of its target genes, Hes1, in in-
vitro-activated T lymphocytes from patients with
SLE. Upregulation of Notch1 was significantly
decreased in patients with active SLE, suggesting a
role for Notch1 in the disease activity of SLE.

Materials and methods

Patients and controls

Twenty-two patients with SLE, diagnosed based on
the American College of Rheumatology classification
criteria, were included in this study. According to the
MEX-SLEDAI (Mexican-SLE disease activity
index), 12 of these patients were classified as active

SLE (MEX-SLEDAI ≥ 3) and 10 patients were in an
inactive stage (MEX-SLEDAI < 3).19,20 Patients with
inactive SLE received low doses of prednisolone at less
than 10 mg/day within at least 1 month and patients
with active SLE received low to intermediate doses of
corticosteroids (2.5–25 mg/day of prednisolone with
or without mycophenolate, mofetil or azathioprine).
In the inactive group, remission was defined as those
who experienced inactive disease MEX-SLEDAI < 3
for at least 2 years before and more than 6 months
after sample collection with low doses of steroid and
normal urine analysis and stable renal function,
whereas patients with late onset of flare were defined
as those who experienced inactive disease within
3 months before or after blood collections. Twenty-
one patients with SLE were women and the ages of
all patients were in the range of 16–41 years old.
Eleven sex and age-matched healthy volunteers were
included as controls. This study was approved by
the Ethics Committee for Human Research of the
Faculty of Medicine, Chulalongkorn University, and
written informed consents were obtained from all
subjects.

Cells and cell cultures

Peripheral blood mononuclear cells (PBMC) were
isolated using Ficoll–Hypaque reagent (Sigma,
St Louis, Missouri, USA). T lymphocytes were puri-
fied using a positive selection strategy with magnetic
beads (Miltenyi Biotech, Bergisch Gladbach, Ger-
many). Cells were cultured in RPMI1640 medium
supplemented with 10% fetal bovine serum (Hyclone,
Logan, Utah, USA) and penicillin and streptomycin.
For stimulation experiments, cells were stimulated
with either phytohemagglutinin (PHA) (10 μg/μL) or
plate bound anti-human CD3 (clone UCHT1,
2.5 μg/μL) for indicated durations at 37 °C, 5% CO2.

Quantitative real time RT-PCR

A quantitative real time RT-PCR assay was devel-
oped for the detection and quantification of Notch1
and Hes-1 transcripts using β-actin as an endogenous
control. Total RNA was isolated from treated cells
using Trizol reagent (Invitrogen Life Technologies,
Carlsbad, California, USA). To avoid genomic
DNA amplification, primers used in this study were
designed to span intron–exon boundaries as follows:
Notch1 forward 5′-CAG
CCTGCACAACCAGACAGA-3′; Notch1 reverse
5′-TGAGTTGATGAGGTCCTCCAG-3′; Hes1 for-
ward 5′-ACCAACTGGGACGACATGGAGAA-3′;
Hes1 reverse 5′-GTGGTGGTGAAGCTGTAG
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CC-3′; Foxp3 forward 5′-TCACCTACGCCACGC
TCAT-3′; Foxp3 reverse 5′-ACTCAGGTTGTGG
CGGATG-3′; β-actin forward 5′-ACCAACTGGG
ACGACATGGAGAA-3′; β-actin reverse 5′-GTG
GTGGTGAAGCTGTAGCC-3′. PCR amplification
was performed with 2× QuantiTect SYBR Green
PCR Master Mix with 0.5 μM primers, 16 ng
cDNA, and nuclease-free water according to the
manufacturer’s protocol (Qiagen, Hilden, Germany).
The PCR conditions were as follows: 95 °C for
15 min, followed by 40 cycles of 95 °C for 15 s,
55 °C (Notch1) or 57 °C (Hes-1 and Foxp3) for 30 s,
and 60 °C for 30 s. Levels of mRNA were measured
by a Light Cycler (Roche Molecular Biochemicals,
Indianapolis, Indiana, USA). Levels of mRNA were
expressed as threshold cycle (CT) and the comparative
CT method was used for analysis. For relative quanti-
fication, expressions of Notch1,Hes1 and Foxp3 were
normalized to the expression of β-actin. The amount
of target was calculated by 2 -ΔΔCT.

Expression of Notch1 was confirmed by conven-
tional RT-PCR. The PCR conditions were as follows:
hot start 94 °C for 5 min, followed by 30 cycles of
94 °C for 30 s, 55 °C (for Notch1 gene) or 60 °C (for
GAPDH) for 30 s, 72 °C for 30 s and a final extension
at 72 °C for 10 min. Amplification was performed in a
Perkin Elmer/GeneAmp PCR system 2400 (Perkin
Elmer, Waltham, Massachusetts, USA). The PCR
products were analysed in 1.5% agarose gels.

Cell proliferation assay

PBMCs were stimulated with various concentrations
of PHA for the indicated times at 37 °C in 5% CO2
conditions. Cells were pulsed with 1 μCi/mL of 3H-
methyl-thymidine (3H-TdR) during the last 6 h of
incubation. After incubation, cells were harvested and
3H-TdR incorporation was measured with a scintilla-
tion counter (Packard Instruments, Downers Grove,
Illinois, USA).

Western blot

Treated cells were harvested and cell lysates were pre-
pared as described previously.21 The total amounts of
protein were measured using BCA protein assay kit
(Pierce; Rockford, Illinois, USA). Cell lysates (30 μg)
were separated by 8% sodium dodecyl sulphate poly-
acrylamide gel electrophoresis using the Protein III
system (Bio-Rad, Hercules, California, USA). After
gel separation, proteins were transferred to PVDF
membranes (Amersham Biosciences, Piscataway,
New Jersey, USA) and blocked in PBS containing
3% nonfat dry milk and 0.05% Tween 20. Blots were

probed with rabbit anti-Notch1 Ab (Santa Cruz Bio-
tech, Santa Cruz, California, USA) at a 1:1000 dilu-
tion, or anti-βactin mAb (Chemicon, Billerica,Massa-
chusetts, USA) at a 1:5000 dilution, followed by
washing and probing with HRP-conjugated donkey
anti-rabbit IgG Ab or sheep anti-mouse IgG Ab at a
1:4000 dilution. After washing, signals were detected
using the ECL Western blotting analysis system
(Amersham Biosciences).

Flow cytometric analysis

T lymphocytes stimulated with PHA as described
abovewere harvested. Cells were stainedwith cocktail
containing FITC conjugated anti-CD3 Ab (clone
S4.1), PE conjugated anti-CD4 Ab (clone S3.5),
PE-Cy5.5 conjugated anti-CD8 Ab (clone 3B5) and
APC conjugated anti-CD25 Ab (clone CD25-3G10)
(Caltag, Burlingame, California, USA) for 20 min at
room temperature. After washing, cells were fixed
with 1% paraformaldehyde in PBS followed by
analysis on a FACSCalibur flow cytometer using
Cell Quest software (Becton Dickinson, Franklin
Lakes, New Jersey, USA).

Statistical analysis

Mean ± SD of independent experiments was ana-
lysed. Inter-group comparisons in all experiments
were analysed using independent t tests with SPSS
software (version 11.5). A P value of < 0.05 was con-
sidered statistically significant.

Results

Notch1 has been shown to be upregulated in T lym-
phocytes upon stimulation in vitro.21 To investigate
the expression of Notch1 in T lymphocytes from
patients with SLE upon activation in vitro, we stimu-
lated purified T lymphocytes using themitogenic stim-
ulus PHA for 72 h, and the level of expression was
measured by quantitative real time RT-PCR. As
shown in Figure 1A, activated T lymphocytes from
patients with active SLE showed a significant decrease
in Notch1 expression, compared with those from con-
trols (P ≤ 0.025). On the contrary, T lymphocytes
from patients with inactive SLE did not show a signif-
icant decrease in Notch1 expression compared with
controls. When all SLE samples were combined
regardless of disease stage, the level of Notch1 was
significantly lower in patients with SLE compared
with controls (P ≤ 0.05). Among patients with active
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SLE included in this study, no significant differences
in Notch1 expression were observed between patients
(n = 3) who took low doses of steroids (less than
10 mg/day of prednisolone) and those who took mod-
erate doses of steroids (10–30 mg/day of prednisolone)
(n = 9) (Figure 1B). Interestingly, among the patients
with inactive SLE, T lymphocytes from remission
SLE patients, as defined in ‘Materials and methods’
showed comparable levels of Notch1 upregulation as
controls (Figure 1C). On the contrary, patients with
late onset of flare, as defined in ‘Materials and meth-
ods’, exhibited a significant decrease inNotch1 expres-
sion as compared with healthy controls and remission
patients with inactive SLE (P ≤ 0.008 and P < 0.001,
respectively). Expression of Notch2 in stimulated T
lymphocytes between patients with SLE and healthy
controls was similar, whereas the level of Notch3 was
significantly decreased in patients with active SLE
(P < 0.05) (data not shown).

Because Notch expression can be regulated post-
transcriptionally, we examined the expression patterns
of Notch1 protein in activated T lymphocytes. The
Notch receptor exists on the cell surface as a hetero-
dimer of an extracellular domain and an intracellular
plus transmembrane domain (ICT). The ICT domain
is detectable using antibodies specific for the intracel-
lular domain of Notch, which has a molecular weight
of approximately 110 kDa. Consistent with previous
reports, Notch1 protein was similarly upregulated
upon stimulation of T lymphocytes from healthy con-
trols and patients with inactive SLE. Lymphocytes of
patients with active SLE, however, failed to upregu-
late Notch1 (Figure 2A). When the level of expression
was quantified, lymphocytes from patients with active
SLE showed a significant decrease in Notch1 expres-
sion upon stimulation compared with those from con-
trols (P = 0.001) (Figure 2B). Interestingly, the level of
Notch1 in unstimulated cells showed an inverse rela-

Figure 1 Decreased Notch1 expression in activated T lymphocytes from patients with SLE. A) Purified PHA-stimulated
T lymphocytes from healthy controls (n = 11), inactive SLE (n = 10) and active SLE (n = 12) patients were subjected to real time RT-
PCR analysis for expression of Notch1 and β actin as described in the ‘Materials and methods’. The results shown are relative
expression of Notch1 normalized to β actin. B) Patients with active SLE were divided into those who received low doses (n = 3) or
moderate doses of steroids (n = 9). Expression of Notch1 was examined in PHA-stimulated T lymphocytes as described in ‘a’.
C) Patients with inactive SLE were grouped based on disease flare as remission (n = 3) and late onset of flare (n = 7). Expression of
Notch1 was examined in PHA-stimulated T lymphocytes as described in ‘a’.
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tionship with disease severity, where patients with
active SLE showed the lowest expression and healthy
controls showed the highest expression. The lympho-
cytes from patients with active SLE exhibited a signif-
icant decrease in Notch1 expression compared with
those from controls (P = 0.007).

Upregulation of Notch1 by T lymphocytes is cou-
pled with proliferation and the upregulation of target
genes of Notch signalling including Hes1 and
deltex.21,22 Therefore, we examined Hes1 and deltex
expression and the proliferation of T lymphocytes
from patients with SLE and healthy controls. Expres-
sion of one of the Notch target genes,Hes1, showed a
tendency to decrease in patients with SLE, but the
differences between controls and SLE groups were
not statistically significant (Figure 2C). In addition,
a lower, but not significant, expression profile of del-
tex was observed in patients with SLE compared with
controls (data not shown). When proliferation assays
were performed with T lymphocytes, as shown in
Figure 3A, PBMC from patients with active SLE
showed significantly decreased proliferative responses

upon stimulation with PHA compared with control
and inactive SLE PBMC, confirming previous
reports.23 Stimulation with plate-bound anti-CD3
Ab did not yield any differences in T-cell proliferation
between controls and patients with SLE (data not
shown). Therefore, defects seen in proliferation of
T cells in PBMC may be the results of misregulation
of co-stimulatory molecules on accessory cells such as
dendritic cells from patients with SLE. Because Notch
signalling has a role in augmenting CD25 expression
in stimulated T cells, we examined the expression of
cell surface CD25. As shown in Figure 3B, T lympho-
cytes from patients with SLE showed decreased CD25
expression. Finally, we determined cell populations
based on the cell surface markers CD4 and CD8
after stimulation. T lymphocytes from patients with
SLE showed decreased CD4+ population and
increased CD8+ population profiles compared with
healthy controls (Figure 3C). This result is consistent
with a previous report showing abnormalities of
CD4+ and CD8+ populations in patients with active
SLE.24 Because abnormalities in Foxp3+ regulatory

Figure 2 Decreased Notch1 protein expression in activated lymphocytes from patients with SLE. A) Peripheral blood mononuclear
cells from patients with SLE or healthy controls were stimulated with PHA for 72 h and cell lysates were analysed for Notch1
expression by Western blot. β actin was used as a loading control. A representative Western blot is shown. B) The quantification of
Notch1 protein in lymphocytes with or without PHA stimulation was measured. The level of Notch1 protein was normalized to the
level of β-actin and measured as the density of Notch1 protein bands. C) Hes1 expression in activated T lymphocytes was analysed
using real time RT-PCR as described in the ‘Materials and methods’.

Lupus

Defects in Notch1 upregulation upon activation of T Cells in SLE
P Sodsai et al.

649

Lupus

 at Chulalongkorn University on March 20, 2011lup.sagepub.comDownloaded from 

http://lup.sagepub.com/


T cells have been reported, we examined the expres-
sion of Foxp3 in stimulated T lymphocytes from
patients with SLE.6,8 As shown in Figure 3D, the
expression of Foxp3 in T lymphocytes from patients
with SLE is significantly decreased in comparison
with normal controls. Therefore, defects in Notch1
upregulation in T lymphocytes from patients with
SLE correlated with decreased CD25 and Foxp3
expression and coupled with defects in proliferation,
but it did not significantly affect Hes1 and Deltex
expression.

Discussion

The rationale behind this study is based on the
mounting evidence suggesting crucial roles for Notch

signalling during T-cell activation, its involvement in
autoimmune disorders and the central role of T cell-
driven hyperactivation of immune responses in SLE.
First, Notch signalling governs multiple choices
during thymic development.11 Therefore, anomalies
in Notch signalling, by way of abnormal expression
of Notch receptors and ligands, are expected to influ-
ence the ontogeny of T lymphocytes. The link between
anomalies in Notch signalling during T-cell develop-
ment and autoimmune disorders, however, is still
missing. Second, Notch signalling is involved in helper
T-cell development, particularly Th1/Th2 lineage
choice.12 Conflicting evidences have been reported
on this issue. Some studies suggest that Notch signal-
ling favours Th2 development by directly regulating
IL-4 expression and conditionally targeted deletion
of a Notch-specific scaffold protein encoding gene,
MAML, results in compromised Th2-type immune

Figure 3 Proliferation and expression of CD25 and Foxp3 in T lymphocytes from patients with SLE. A) PBMC from healthy controls
or patients with SLE were stimulated with PHA at 1, 2.5, 5 and 10 μg/mL for 72 h before subjecting to TdR incorporation assay as
described in the ‘Materials and methods’. The results shown are mean ± SD of triplicates of all tested subjects. * and ** indicate
statistical significance where P ≤ 0.5 and 0.25, respectively. B) Purified T lymphocytes were stimulated by PHA and subjected to cell
surface staining of CD4/CD25 for FACS analysis. The results shown are representative of two normal controls and two patients with
active SLE. C) PBMC from healthy controls or patients with SLE were stimulated with PHA at 10 μg/mL for 72 h and CD4/CD8 cell
population analyses were carried out by FACS. The results shown are mean ± SD all tested subjects. * and ** indicate statistical
significance where P ≤ 0.01 and 0.002, respectively. D) Purified PHA-stimulated T lymphocytes from healthy controls (n = 10) and
active SLE (n = 10) patients were subjected to real time RT-PCR analysis for expression of Foxp3 and β actin as described in the
‘Materials and methods’. The results shown are relative expression of Foxp3 normalized to β actin.
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response against helminthic infection.25,26 However,
several studies suggested that Notch signalling regu-
lates Th1-type cytokine IFNγ via direct regulation of
the Th1 master regulator, T-bet.16,21,27 The questions
addressed by these conflicting reports remain unre-
solved. SLE is generally considered a Th2-driven
disorder through the hyperactivation of B cells, but
studies of cytokine patterns in patients with SLE
were not conclusive in determining if it is a Th1 or
Th2 type immune response.28,29 Third, Notch signal-
ling is reported to be involved in the generation and
suppressive functionality of regulatory T cells.13,15,30
There has been a recent resurging interest in these
regulatory T cells in the pathogenesis of autoimmune
disorders, including SLE. Multiple studies suggest
that there are defects in the frequency of regulatory
T cells and their suppressive functions in patients with
SLE.6,8,17 Fourth, differential expression of presini-
lin2, one of the components of the Notch receptor
processing enzyme γ-secretase, is reported in SLE,
and partial loss of presenilin1 in a presenilin2 null
background results in systemic autoimmune pheno-
types similar to human SLE.17,18

In this study, we investigated the expression of
Notch1 in T lymphocytes of patients with SLE upon
activation and discovered that decreases in Notch1
upregulation correlated well with disease activity.
These defects are intrinsic to T cells, because both
PBMC and purified T lymphocytes from patients
with active SLE showed similar phenotypes. Multiple
signalling pathways, including Notch signalling, and
cell cycle regulators govern proliferation in stimulated
T cells.21,31,32 T lymphocytes from patients with active
SLE exhibited decreased CD25 expression, confirm-
ing previous reports.17 Overexpression of activated
Notch is reported to enhance CD25 expression in
primary T cells, linking Notch signalling and CD25
expression in T lymphocytes.22 In line with CD25
expression in T lymphocytes from patients with
SLE, PBMC from patients with SLE showed a signif-
icant decrease in proliferative responses upon in-vitro
stimulation. Proliferation of T lymphocytes have been
reported to be defective in SLE through multiple
signalling pathways, including co-stimulatory mole-
cules on antigen presenting cells;23,33 however, in
some instances, normal T-cell proliferation was
observed.34,35 In our study, defects in Notch1 upregu-
lation were coupled with decreased proliferation.
Notch signalling is involved in the proliferation of var-
ious cell types including activated T lymphocytes
through the regulation of cyclin D and c-myc, and
defects in Notch1 expression may impinge upon cell
cycle entry.21,32,36–38 Defects in Notch1 upregulation
may contribute to disease activity in SLE partly

through dysregulation of CD25 expression. It is
currently unclear whether impaired Notch signalling
in T cells from active SLE directly affects CD25
expression and cell proliferation.

Defects in Notch1 upregulation led to decreased
Hes1 expression but were not statistically significant
different from controls. The normal expression of
Hes1 in stimulated T cells from SLE, despite the
marked decrease in Notch1 expression, may be the
result of functional redundancy among Notch recep-
tors or through Hes1 activation by other signalling
cascade.39 Notch1, 2 and 3 have been shown to be
upregulated in activated T lymphocytes.21,22,27 We
observed decreases in Notch1 and 3 expression, but
expression of Notch2 remained intact in T lympho-
cytes of patients with SLE.

On the basis of our observations and the reported
roles of Notch signalling in regulating the effector
function of T lymphocyte, there are potential links
that need to be further investigated. Notch signalling
may regulate Th1/Th2 differentiation and skew cyto-
kine profiles to be pathogenic in patients with SLE.
The generation and suppressive function of regulatory
T cells also involve Notch signalling, a process that
needs to be further explored. Interestingly, Notch1 is
upregulated in antigen-tolerized T lymphocytes upon
activation, whereas T cells from airway inflammation
animal models fail to do so.15 This is intriguing in light
of the observation that the regulatory function of reg-
ulatory T cells is mediated through Notch1 and the
membrane form of TGFβ. Therefore, it may be that
T lymphocytes from active SLE escape regulatory
mechanisms of regulatory T cells by down-regulating
Notch1. In this study, we observed a correlation
between Notch1 and Foxp3 expression in patients
with SLE. In addition, Notch signalling interacts
with various signalling pathways, notably NF-κB.40
In fact, defects inNF-κB signalling have been reported
in SLE.41 Therefore, defects in Notch signalling may
affect the NF-κB activation status in T lymphocytes
from patients with SLE.

In conclusion, we provide evidence in this report
for the first time that Notch1 upregulation in stimu-
lated T lymphocytes is significantly defective in
patients with active SLE.

Although T lymphocytes from patients with active
SLE completely failed to upregulate Notch1 upon in-
vitro stimulation, those from inactive SLE showed
intermediate phenotypes. T lymphocytes from active
SLE displayed decreased CD25 expression and
decreased proliferation. Therefore, defects in Notch1
upregulation in T lymphocytes may indicate SLE
disease activity and are likely to be involved in
immune dysregulation in SLE. The consequence of
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this defect in T-cell functions remains to be deter-
mined. The uncovered link between Notch signalling
and SLE may lead to a new therapeutic intervention
for correcting T-cell functions.
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REVIEW

Major lupus organ involvement: severe lupus nephritis

Y Avihingsanon1,2 and N Hirankarn1,3
1Lupus Research Unit, Faculty of Medicine, Chulalongkorn University, Bangkok, Thailand; 2Department of Medicine, Faculty of Medicine,
Chulalongkorn University, Bangkok, Thailand; and 3Department of Microbiology, Faculty of Medicine, Chulalongkorn University, Bangkok,

Thailand

Lupus nephritis is a common and severe complication of systemic lupus erythematosus.
A number of patients have nephritis as a presenting feature that, in its severe form, can shortly
lead to end-stage renal disease and/or death. Renal flare usually occurs a few years after the
first episode and is remarkably predominant in the Asian population. Frequent monitoring for
renal flare enhances early recognition and timely treatment. The mainstay therapy continues
to be the prolonged use of cytotoxic/immunosuppressive drugs that have a number of unde-
sirable effects, particularly ovarian failure and development of opportunistic infections.
This review will focus on the pathogenesis and the unique genetic factors found in Asian
patients with lupus nephritis. Here, we propose an appropriate management scheme for the
treatment of lupus nephritis in Asian patients. Lupus (2010) 19, 1391–1398.

Key words: Asia; genetic; immunosuppressive therapy; lupus nephritis

Introduction

Renal disease is a common and serious manifesta-
tion of systemic lupus erythematosus (SLE). The
presentation can range from asymptomatic urinary
abnormalities to rapidly progressive renal failure
leading to end-stage renal disease (ESRD). Renal
failure remains an independent risk factor for death
in patients with lupus nephritis (LN). Currently
available immunosuppressive regimens are toxic
due to their broad immunosuppressive effects.
Cyclophosphamide (CY) plus prednisolone is the
standard regimen for the severe form of LN.
However, this regimen has several side effects
and, as SLE usually affects women of child-bearing
age, one of its serious adverse effects, gonadal tox-
icity, is of concern. Nevertheless, evidence from
randomized controlled trials supports the use of
CY as a remission induction therapy as it appears
to have advantages in early therapeutic response
and dramatically improves long-term outcomes.1

Unfortunately, most of the therapeutic data
on LN and SLE are not applicable to the Asian
population because they were conducted in
African-Americans and Caucasians. There is a

need to assess the appropriate dosage and genetic
variations in Asian patients to avoid unnecessary
toxicities and financial expenditure. Even though
the mortality rate of LN in Asia has improved
since the 1980s2 with a 5-year survival rate of
76.5%, which is similar to that of Western coun-
tries,3–5 there can be room for improvement.

In order to improve the supportive care and kidney
specific therapy for LN and SLE, it is important to
first understand the pathogenesis of the disease.
Hopefully this information will help us direct treat-
ment to specific and appropriate areas of the body.
Recent progress in LN treatment includes the use of
monoclonal antibodies, anti-cytokine therapies and
other components of the complement-system block-
ade.6 An example of this treatment is mycophenolate
mofetil (MMF) and its potential use as an alternative
agent. Unlike CY, MMF has a more specific immu-
nosuppressive action and, therefore, causes fewer
adverse events thanCY.However,MMF is expensive
and, in the long run, may not be feasible in resource-
limited settings. Therefore this paper will review the
immunopathogenesis of LN and the appropriate
treatment from an Asian perspective.

Epidemiological and clinical outcomes in Asia

In Asia, the prevalence rate of SLE (per 100,000)
varies from 19.3 to 60.7 A study conducted in the
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USA looked at the rate of nephritis among hetero-
geneous populations of SLE patients, which
showed a prevalence of 17% in Caucasians and
50% in Asian-Americans.8 However, this number
is higher in Southeast Asian countries ranging
between 70–80%.9 Shayakul et al. retrospectively
reviewed 569 cases of LN at a tertiary care hospital
in Thailand and showed that 60% of the cases had
a creatinine clearance <50mL/min. From the study,
the 5-year patient survival was calculated to be
76%. The most common causes of death were
opportunistic infections (OI) and uremia.

Although in the last decade, the overall mortal-
ity rate of SLE patients has decreased in most
parts of the world with a 5-year patient survival of
over 90%,10,11 yet patients with severe LN have
a poorer 5-year survival outcome of 70–80%.3

Factors associated with poor outcome were:
co-existence of cardiopulmonary involvement,
anti-phospholipid syndrome nephropathy,12 male
gender, impaired renal function, and poor socio-
economic status.10

Pathogenesis of LN

The pathogenesis of LN has been elucidated either
by studying the immune effector mechanism or by
genetic approach. The immune effector that causes
damage to the kidney is mediated mainly by auto-
antibodies that are nephritogenic. In addition to
immune complexes that filter through a glomerulus
and deposit there non-specifically, autoantibodies
against the nucleosome are also deposited in the
kidney through the absorption of the nucleosome
to certain proteins in the glomerular basement
membrane (e.g., heparin sulfate, collagen type IV,
fibronectin and laminin). It is these autoantibodies,
not the immune complexes, that can directly cross-
react with kidney antigen13 and induce the inflam-
matory responses by activating neutrophils and
macrophages. This deposition will ultimately
result in activation of the complement system
resulting in tissue destruction. However, not all
SLE patients with anti-dsDNA will develop LN
and the level of this autoantibody does not
always correlate with the severity of LN. It is
hypothesized that the quality of the antibodies14

as well as chemokines and cytokines such as inter-
feron-inducible protein 10 (IP-10) and its receptor
chemokine (C–X–C motif; CXCR3), vascular
endothelial growth factor (VEGF) and transform-
ing growth factor beta (TGF-b)15 are important in
the pathogenesis of LN. Identification of infiltrated

T cells and macrophages in the kidney suggests that
cellular immunity is also involved in the pathogen-
esis of LN.16

Other factors responsible for initiating lupus are
driven by an interaction between the environment
and certain genes. Genetic predisposition is firmly
established as a key element in disease susceptibil-
ity.17 Three defective pathways have been pro-
posed. First, a defect in the apoptosis pathway
will increase the apoptosis of immune and renal
cells and can serve as a source of nuclear antigen
in situ that traps autoantibodies in the kidney.18 It
has been shown that mutations or susceptible poly-
morphisms of genes can contribute to this defect,
i.e. tumor necrosis factor receptor superfamily,
member 6 (TNFRSF6 or FAS), Fas ligand
(FASL), deoxyribonuclease I (DNASE1), three
prime repair exonuclease 1(TREX1), and pro-
grammed cell death 1 (PDCD1) genes. On the
other hand, environmental factors such as ultravi-
olet (UV) light can also increase the apoptosis rate
in lupus patients. It has been suggested that drugs
and UV light may effect the methylation profiles of
certain genes in T cells, resulting in a defective
T-cell control.19 The second defect causes the
body to lose its self tolerance to widely available
nuclear antigen. There are a number of abnormal
immune responses due to overstimulation of the
innate immunity involving interferon (IFN) type
I, regulatory T cells, and overactivity of T and
B cells. Other factors such as gene polymorphisms
of human leukocyte antigen (HLA), interferon reg-
ulatory factor 5 (IRF5), signal transducer and acti-
vator of transcription 4 (STAT4), protein tyrosine
phosphatase non-receptor type 22 (PTPN22),
B lymphoid tyrosine kinase (BLK) and B-cell scaf-
fold protein with ankyrin repeats 1 (BANK1) and
viral infections may contribute to an overstimula-
tion of IFN type I response.17,20 Moreover, in the
later stages of the disease, epitope spreading exac-
erbates autoantibody production against various
self antigens. Third, the body is unable to clear
the formation of immune complexes. In fact, this
defect has been attributed to a link found between
genetic mutation in the early component of com-
plement genes and the immune complex diseases
such as C1q, C3, C4, FCGR (Fc fragment of IgG
low affinity receptor) and MBL (mannose-binding
lectin).17 Several genetic studies have shown an
association between polymorphism within FCGR
gene and LN. Interestingly, it was suggested that
copy number variation in inhibitory FCGR3B gene
may contribute to LN.21

Another novel gene discovered by a recent lupus
genomewide association study (GWAS) showed
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that integrin-aM (ITGAM) was associated with the
susceptibility to LN.22,23

Along the same lines, a genetic study conducted
in Hong Kong Chinese and Thai confirmed the sig-
nificance of this gene in causing LN.24 Other genes
identified to increase the risk of acquiring LN
included angiotensinogen (AGT), interleukin 8
(IL8), plasminogen activator inhibitor-1 (PAI-1),
endothelial nitric oxide synthase (eNOS), monocyte
chemotactic protein 1 (MCP-1), angiotensin-con-
verting enzyme (ACE), and endothelial protein
C receptor (EPCR).25 However, these last groups
of LN-specific genes need to be validated in a
bigger study with a larger sample size. Recently,
GWAS in two Asian populations reported some
novel genes contributing to lupus pathogenesis
including: (1) genes involved in signal transduction
of lymphocytes (V-ets erythroblastosis virus E26
oncogene homolog 1 (ETS1), Ikaros family zinc
finger 1 (IKZF1), RAS guanyl releasing protein 3
(RASGRP3)); (2) the solute carrier family 14
(SLC15A4) gene, which is involved in immune
complex processing; and (3) tumor necrosis factor
alpha induced protein 3 interacting protein 1
(TNIP1) gene which involved with toll-like receptor
and the production of interferon type I.26,27

However, the GWAS studies declared that infor-
mation on genes contributing to LN pathogenesis
in patients with severe LN was lacking. A genetic
study that compares mild and severe cases of LN is
needed to accomplish this search.

Renal histology as a diagnostic tool

Aside from clinical manifestations, renal histology
is important in diagnosing LN because it has been
shown that glomerular lesions, i.e. crescentic for-
mations or fibrinoid necrosis, are associated with
poor renal outcomes. Even the World Health
Organization (WHO) pathologic classification of
LN is based on the extent and severity of glomer-
ular inflammation, which has been the cornerstone
of diagnosing and treating LN.28,29

Several previous studies have shown semiquanti-
tative analysis to be helpful in assessing the activ-
ity and chronicity of nephritis.29,30 The maximum
activity score is 24 and the maximum chronicity
score is 12. The score may be used as a prognostic
index as well as for research purposes. Even though
there are inter- and intra-observer variations in the
scoring, certain pathologic findings, such as cres-
centic formation and/or thrombotic microangiopa-
thy, are useful prognostic indicators that can help

reduce this variability. Another prognostic factor
that has been associated with the worsening of
LN is anti-phospholipid nephropathy.12,31 Despite
these established and well accepted classifications,
recently, a newer classification, modified from
WHO classification, was proposed.32 It remains
unclear whether this new classification is correlated
with long-term outcome. Perhaps in the future,
molecular classification will be incorporated in the
diagnostic process of renal biopsy. A perfect exam-
ple of this proposal can be seen through the use of
intra-renal gene expression to determine if the
patients are at risk of a declining renal function
within 12 months.33

Aside from the above, clinicopathologic diagno-
sis of LN is essential for selecting the appropriate
treatment protocol. Severe histologic forms of
nephritis are usually correlated with worse clinical
manifestations. However, so-called silent nephritis
was clinically undetectable and had a number of
abnormal renal histology results34 while, on the
other hand, non-specific findings of mild protein-
uria, hematuria and proteinuria with bland urine
sediment can be found in focal or diffuse prolifer-
ative lesions or membranous type. Hence, renal
biopsy is recommended in most SLE patients with
the first episode of renal involvement regardless of
clinical symptoms. As for late progressors, repeated
biopsy may be required to distinguish between
active lupus and scars of previous inflamma-
tory injury. This differentiation is important in
the treatment of LN because patients with active
lupus would require an immunosuppressive ther-
apy, whereas patients with scarring may use anti-
hypertensive therapy like angiotensin converting
enzyme inhibitor.

An appropriate treatment for severe LN

In this review, severe LN is defined as diffused or
severe focal proliferative glomerulonephritis (WHO
type III or IV). The treatment for severe LN
focuses on: (1) achieving immediate renal remis-
sion; (2) preventing renal flares; (3) avoiding
chronic renal impairment; and (4) fulfilling these
objectives with minimal drug toxicities. The treat-
ment for severe LN is divided into two distinct
parts. The first part of the induction treatment
relies heavily on immunosuppressive drugs
whereas, in the second part, the treatment focuses
on preventing relapse and minimizing the side
effects of treatment as much as possible. It should
be noted that many studies looking at treatment for
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LN were conducted in the USA whose study
populations were consisted mostly of African-
Americans. In contrast, studies from Europe
included more Caucasians. Hence, it should be
warned that utilizing such data in Asian patients
may not be suitable or applicable.

Induction treatment

It is important to note that the 5-year patient sur-
vival for Asians is still 75–80%.3 Hence, there is a
great deal of room for improvement. The morbid
events in these patients are OI and severe impair-
ment of a vital organ, which usually appears early
in the course of the disease. It has been shown that
inducing remission early can improve the long-term
outcome in these patients.1,35

CY has remained the standard of treatment for
LN since 1960. Its alkylating property inhibits
DNA replication and transcription and is thus a
good immunosuppressive agent, especially when
used with high-dose prednisolone (1–2mg/kg/
day).35 The intermittent use of pulse intravenous
cyclophosphamide (IVCY) seems to have the best
therapeutic effect in reducing mortality and risk of
ESRD. Two prospective, randomized controlled
trials performed by the National Institutes of
Health (NIH), as well as a recent meta-analysis,
support the use of IVCY over that of pulse meth-
ylprednisolone or prednisolone alone.36,37 Two
other reports showed that a combination of pulse
methylprednisolone and IVCY was associated with
a better outcome38,39 (Table 1). Unfortunately, as a
result of using this technique, there is an increased

cost of patient care due to the adverse effects of
suppressing the immune system and the need to
treat acquired OIs. Aside from the NIH cohort, it
has been shown that IVCY is very effective in Asian
patients with severe LN.3,40

Needless to say, this indiscriminate use of the
so-called ‘NIH regimen’ to treat all LN patients
has recently raised some concerns within the scien-
tific community.41 First, high-dose IVCY treatment
is extremely toxic, causing up to 25% patients to
develop herpes zoster; up to 26% experience a
severe infection; and up to 52% of women are
at risk of developing ovarian failure.35 Second,
because of prompt assessment of early renal
involvement, aggressive treatment for clinical mild
cases of biopsy-proven proliferative nephritis is no
longer justifiable (Table 1). This situation is further
supported by the results obtained from a multicen-
ter, prospective, randomized study known as the
Euro-Lupus Nephritis Trial (ELNT),42 which
showed no difference in remission and flare between
low-dose IVCY regimen (six fortnightly pulses of
500mg; cumulative dose 3 g) and high-dose IVCY
treatment therapy for proliferative lupus glomeru-
lonephritis. In both treatment arms, azathioprine
(AZA) was used as long-term immunosuppressive
therapy. The severity of acquired OIs was less
common in the low-dose group. This finding there-
fore calls into question the current practice of treat-
ing all LN patients with an extended course of
IVCY.43 Furthermore, the current doses used may
not be applicable in the Asian population with a
smaller build and lower body weight. Therefore, it

Table 1 Proposed therapeutic regimen for different categories of severe lupus nephritis

Clinical categories Definition Preferable regimen Alternative

RPGN and/or severe
extra-renal
manifestation

Rapid decline in
renal function and
crescentic formation
more than 30% of
involved glomeruli or
thrombotic
microangiopathy

IV Pulse methylprednisolone
plus IV pulse cyclophosphamide
and/or plasmapheresis

IVIG

First episode of severe
LN, intact GFR

Classical nephritic-nephrotic
syndrome and newly
diagnosed lupus nephritis

MMF plus steroida or
IV pulse cyclophosphamideb

IV low-dose CY

Relapse or refractory
case

Multiple episodes of renal
flares and/or cumulative
high doses of CY and/or
failure to respond to
IV pulse CY

Combined FK-506 plus
MMF and steroid
(multi-target) or
MMF plus steroid
or EC-MPS plus steroid

Should consider
participating in
clinical trials

CY: cyclophosphamide; EC-MPS: enteric-coated mycophenolate sodium; GFR: glomerular filtration rate; IV: intravenous; IVIG: intravenous

immunoglobulin; MMF: mycophenolate mofetil; RPGN: rapidly progressive glomerulonephritis.
aFemales of child-bearing age can avoid ovarian failure by using this regimen.
bThis regimen is preferred in resource-limited settings.
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is essential that a low-dose regimen and its efficacy
be explored.

On the other hand, an alternative treatment for
severe LN is needed. The reason for this need is the
side effects of the current treatment of CY in
patients of reproductive age. A newer, alternative
immunosuppressive agent such as MMF has been
shown to selectively inhibit activated lymphocytes
and renal mesangial cells.44 Its safe profile in solid-
organ transplantation and superiority to AZA in
the prevention of acute graft rejection make
MMF an ideal candidate for alternative therapy.
Data from experimental models of immune-
mediated glomerulonephritis, particularly LN,
have shown that MMF ameliorates autoimmune
phenomena, retards renal damage, and improves
outcome.45 Controlled studies further show that
MMF is as effective as CY in the induction of
renal remission in the short term.46 Current dosages
of MMF also appear to be well tolerated with no
serious toxicities reported. MMF significantly
causes less ovarian toxicity compared with CY
and has made this agent particularly attractive for
the treatment of LN.46 Unfortunately, the costs of
long-term MMF therapy (Table 1) may not make it
the treatment of choice for severe LN in a resource-
limited country. As a result of this situation, we
will assess the efficacy, safety, affordability and
quality of life in patients using mycophenolate
sodium (MPS) versus pulse IVCY in a multi-
center study known as the CONTROL lupus trial
(ClinicalTrials.gov NCT# 01015456).

As for those patients with mixed class IV and V
histology patterns, it was shown that a combination
of FK-506 (Prograf) and MMF had better results
compared with CY when used to treat Chinese
patients with LN, yielding high rate of remission.47

In patients refractory to treatment with IVCY,
our preliminary data found enteric-coated MPS
effectively controlled the activity of the disease.48

(Table 1) This finding will aim to be validated
in a large-scale, randomized-controlled study
that begins in 2010 (CONTROL lupus study;
ClinicalTrials.gov NCT# 01015456).

Maintenance treatment

One of the most perplexing aspects of the natural
history of LN is its remitting and relapsing course.
Modern treatment neither cures lupus nor comple-
tely prevents exacerbations. Approximately one-
third to one-half of patients have a relapse of
nephritis after achieving partial or complete remis-
sion of proliferative nephritis.49 In our tertiary care
center, the relapse rate of LN is close to 50% with a

median time to relapse of 30 months (unpublished
data). Several studies have shown that CY, AZA or
even MMF are more effective than steroid alone in
preventing relapse.3,6,35,50 However, the risk–bene-
fit of prolonged treatment, particularly with CY,
remains controversial. At the present time, one
can justifiably choose between quarterly pulses of
IVCY, AZA or MMF. Although maintenance ther-
apy with MMF appears to be more efficient and
safer than IVCY,51,52 but its high cost limits its
use in many resource-limited settings.

How to monitor for relapse

The clinical course of LN usually consists of recur-
rent episodes of relapses and remissions. The cumu-
lative rate of relapse of LN is approximately 25%
at 5 years.50,53 In contrast, Asian patients have
a higher relapse rate of 30% at 2 years.8,52 In our
center, the relapse rate was as high as 50% at
3 years. The relapse was significantly associated
with subsequent renal function deterioration.54

Follow-up renal biopsy studies have shown that
patients who experience multiple episodes of active
nephritis are at risk of progressing to ESRD,
because after each episode of nephritis there is a
residual and cumulative irreversible parenchymal
damage.53

It is imperative to recognize an early manifesta-
tion of relapse and provide an appropriate treat-
ment. Unfortunately, there are no clinical or
laboratory tools that can precisely predict a nephri-
tic flare. However, identification of cellular casts or
an increase in proteinuria may be useful. Other pre-
dictors include serological markers such as comple-
ment C3 or C4 components and anti-dsDNA levels,
which are typically associated with the activity of
the disease. At present, strict monitoring of urinary
findings and serological activities is recommended.55

Fortunately, recent advances in molecular diag-
nostic technologies have provided new tools in
diagnosis and prognosis of disease. The study of
molecular signals from urinary cellular components
is a logical approach in diagnosing an early relapse
of nephritis and monitoring response to ther-
apy.15,56 It has been shown that urinary cytokines,
like IP-10 and its receptor, and growth factors, like
VEGF and TGF-b, in LN are associated with the
severity of renal pathology.15 Furthermore, the
cytokine mRNAs of urine cells has been shown to
be associated with response to therapy. It is likely
that early treatment based on urinary molecular
signals may alter the course of the disease.
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Clinical trials in Asian patients with LN

Genetic and demographic differences may influence
patients’ responses to treatment. Several factors can
be associated and influenced by ethnicity such as
the severity of the disease, pharmacokinetics and
pharmacodynamics of medicines, adverse events
and socio-economic background. Asia has the
most number of lupus patients, it is therefore
good to know that clinical trials are now acknowl-
edging the need to incorporate more Asian patients
into their studies.

The first randomized controlled study of MMF
treatment was conducted in Chinese patients with
LN and successfully demonstrated the benefit of
MMF as an induction to remission therapy.46

Following this elegant trial, many studies on MMF
treatment for lupus nephritis started to report long-
term outcomes.51,52 Contreras et al. demonstrated a
significant advantage MMF use in reducing death
and chronic renal failure.51 On the other hand, a
comparable study conducted in Asian patients
showed no difference between sequential use of
cyclophosphamide–azathioprine and that of MMF
therapy.52 Interestingly enough, in another multi-
national, randomized controlled trial, known as
the Aspreva study, a high number of Asian patients
receiving MMF therapy were reported to have died
from acquired infections.57 The highest dose of
MMF used was 3 g/day, which may have been too
high for the Asian population. Despite this factor,
this trial also supported the previous finding that
there was no difference in efficacy and safety between
CY and MMF therapy in Asian patients. From an
Asian perspective, MMF should be judiciously used
in severe LN. A continued use of high dose MMF
and steroids can contribute to overwhelming infec-
tions. At the moment, pharmacokinetics study of
mycophenolic acid (MPA), the active metabolite of
MMF, is warranted in this subgroup of patients. It is
imperative to find the appropriate dose that will
yield maximum efficacy with very little toxicity asso-
ciated with the therapy. A prospective study in Thai
patients with severe LN demonstrated, for the first
time, the benefit of monitoring the 12-h area under
the time–concentration curve for MPA (MPA-
AUC). It is likely that therapeutic drug monitoring
of MMF would improve its therapeutic efficacy.58

Conclusion

In order to provide optimal therapy for patients
with severe LN, patients at risk are recommended

to have renal histology. SLE patients with con-
firmed biopsy of the proliferative lesion (WHO
type III or IV) should be considered for treatment
with a combination of corticosteroids and immuno-
suppressive therapy. Monotherapy on corticoste-
roids is not recommended because it requires high
doses that can disfigure and disable the patient and
contribute to other life-threatening side-effects.
Prolonged use of CY, given either intravenously
or orally, may result in ovarian failure, bone
marrow toxicity, bladder toxicity, alopecia, OIs
and cancer. MMF has been suggested as an alter-
native agent but its cost is so staggering that its
affordability in resource-limited settings remains
questionable. Even though there are several options
available for the treatment of severe LN, the most
important thing is to make sure that the initial dis-
ease is treated aggressively and for a short period
of time to prevent flares, and that maintenance
therapy is administered at low doses to reduce
severe iatrogenic morbidity. This strategy will
protect the kidneys and other organs from the del-
eterious effects of SLE. Clinical trials in Asia are
the most valuable resources for developing the
appropriate therapy for Asian patients suffering
from LN.

Acknowledgements

The authors sincerely thank the members of
the Lupus Research Unit and Renal Division,
Department of Medicine, Faculty of Medicine,
Chulalongkorn University, Thailand.

Funding

This work has been supported by the CU Cluster
Ratchadaphisek Somphot Endowment Fund, the
National Research Council of Thailand and the
Thailand Research Fund [grant number RMU
5080076].

References

1 Boumpas DT, Austin 3rd HA, Vaughn EM, et al. Controlled trial of
pulse methylprednisolone versus two regimens of pulse cyclophos-
phamide in severe lupus nephritis. Lancet 1992; 340: 741–745.

2 Parichatikanond P, Francis ND, Malasit P, et al. Lupus nephritis:
clinicopathological study of 162 cases in Thailand. J Clin Pathol
1986; 39: 160–166.

3 Shayakul C, Ong-aj-yooth L, Chirawong P, et al. Lupus nephritis in
Thailand: clinicopathologic findings and outcome in 569 patients.
Am J Kidney Dis 1995; 26: 300–307.

Major lupus organ involvement: severe lupus nephritis
Y Avihingsanon and N Hirankarn

1396

Lupus

 at Chulalongkorn University on March 20, 2011lup.sagepub.comDownloaded from 

http://lup.sagepub.com/


4 Cameron JS, Turner DR, Ogg CS, et al. Systemic lupus with
nephritis: a long-term study. Q J Med 1979; 48: 1–24.

5 Heller T, Ahmed M, Siddiqi A, Wallrauch C, Bahlas S. Systemic
lupus erythematosus in Saudi Arabia: morbidity and mortality in a
multiethnic population. Lupus 2007; 16: 908–914.

6 Kuiper-Geertsma DG, Derksen RH. Newer drugs for the treat-
ment of lupus nephritis. Drugs 2003; 63: 167–180.

7 Tikly M, Navarra SV. Lupus in the developing world—is it any
different? Best Pract Res Clin Rheumatol 2008; 22: 643–655.

8 Seligman VA, Lum RF, Olson JL, Li H, Criswell LA.
Demographic differences in the development of lupus nephritis: a
retrospective analysis. Am J Med 2002; 112: 726–729.

9 Parichatikanond P, Chawanasuntorapoj R, Shayakul C, et al. An
analysis of 3,555 cases of renal biopsy in Thailand. J Med Assoc
Thai 2006; 89: S106–S111.

10 Lee BS, Cho HY, Kim EJ, et al. Clinical outcomes of childhood
lupus nephritis: a single center’s experience. Pediatr Nephrol 2007;
22: 222–231.

11 Al Arfaj AS, Khalil N. Clinical and immunological manifestations
in 624 SLE patients in Saudi Arabia. Lupus 2009; 18: 465–473.

12 Cheunsuchon B, Rungkaew P, Chawanasuntorapoj R, Pattaragarn
A, Parichatikanond P. Prevalence and clinicopathologic findings
of antiphospholipid syndrome nephropathy in Thai systemic lupus
erythematosus patients who underwent renal biopsies. Nephrology
2007; 12: 474–480.

13 Yung S, Chan TM. Anti-DNA antibodies in the pathogenesis of
lupus nephritis—the emerging mechanisms. Autoimmun Rev 2008;
7: 317–321.

14 Tsirogianni A, Pipi E, Soufleros K. Relevance of anti-C1q auto-
antibodies to lupus nephritis. Ann N Y Acad Sci 2009; 1173:
243–251.

15 Avihingsanon Y, Phumesin P, Benjachat T, et al. Measurement of
urinary chemokine and growth factor messenger RNAs: a nonin-
vasive monitoring in lupus nephritis. Kidney Int 2006; 69: 747–753.

16 Foster MH. T cells and B cells in lupus nephritis. Semin Nephrol
2007; 27: 47–58.

17 Moser KL, Kelly JA, Lessard CJ, Harley JB. Recent insights into
the genetic basis of systemic lupus erythematosus. Genes Immun
2009; 10(5): 373–379.

18 Zheng L, Sinniah R, Hsu SI. Renal cell apoptosis and proliferation
may be linked to nuclear factor-kappaB activation and expression
of inducible nitric oxide synthase in patients with lupus nephritis.
Human Pathol 2006; 37: 637–647.

19 Pan Y, Sawalha AH. Epigenetic regulation and the pathogenesis of
systemic lupus erythematosus. Transl Res 2009; 153: 4–10.

20 Allam R, Pawar RD, Kulkarni OP, et al. Viral 50-triphosphate
RNA and non-CpG DNA aggravate autoimmunity and lupus
nephritis via distinct TLR-independent immune responses. Eur
J Immunol 2008; 38: 3487–3498.

21 Willcocks LC, Lyons PA, Clatworthy MR, et al. Copy number of
FCGR3B, which is associated with systemic lupus erythematosus,
correlates with protein expression and immune complex uptake.
J Exp Med 2008; 205: 1573–1582.

22 Nath SK, Han S, Kim-Howard X, et al. A nonsynonymous func-
tional variant in integrin-aM (encoded by ITGAM) is associated
with systemic lupus erythematosus. Nat Genet 2008; 40: 152–154.

23 Hom G, Graham RR, Modrek B, et al. Association of systemic
lupus erythematosus with C8orf13-BLK and ITGAM-ITGAX.
N Engl J Med 2008; 358: 900–909.

24 Yang W, Zhao M, Hirankarn N, et al. ITGAM is associated with
disease susceptibility and renal nephritis of systemic lupus erythe-
matosus in Hong Kong Chinese and Thai. Hum Mol Genet 2009;
18: 2063–2070.

25 Morel L. Genetics of human lupus nephritis. Semin Nephrol 2007;
27: 2–11.

26 Han JW, Zheng HF, Cui Y, et al. Genome-wide association study
in a Chinese Han population identifies nine new susceptibility loci
for systemic lupus erythematosus. Nat Genet 2009; 41: 1234–1237.

27 Yang W, Shen N, Ye DQ, et al. Genome-wide association study in
Asian populations identifies variants in ETS1 and WDFY4 asso-
ciated with systemic lupus erythematosus. PLoS Genet 2010; 6:
e1000841.

28 Appel GB, Cohen DJ, Pirani CL, Meltzer JI, Estes D. Long-term
follow-up of patients with lupus nephritis. A study based on the
classification of the World Health Organization. Am J Med 1987;
83: 877–885.

29 Banfi G, Mazzucco G, Barbiano di Belgiojoso G, et al.
Morphological parameters in lupus nephritis: their relevance for
classification and relationship with clinical and histological find-
ings and outcome. Q J Med 1985; 55: 153–168.

30 Austin 3rd HA, Boumpas DT, Vaughan EM, Balow JE. Predicting
renal outcomes in severe lupus nephritis: contributions of clinical
and histologic data. Kidney Int 1994; 45: 544–550.

31 D’Agati V, Kunis C, Williams G, Appel GB. Anti-cardiolipin anti-
body and renal disease: a report three cases. J Am Soc Nephrol
1990; 1: 777–784.

32 Weening JJ, D’Agati VD, Schwartz MM, Seshan SV, Alpers CE,
Appel GB. The classification of glomerulonephritis in systemic
lupus erythematosus revisited. Kidney Int 2004; 65: 521–530.

33 Avihingsanon Y, Benjachat T, Tassanarong A, Sodsai P, Kittikovit
V, Hirankarn N. Decreased renal expression of vascular endothe-
lial growth factor in lupus nephritis is associated with worse prog-
nosis. Kidney Int 2009; 75: 1340–1348.

34 Zabaleta-Lanz M, Vargas-Arenas RE, Tapanes F, Daboin I,
Atahualpa Pinto J, Bianco NE. Silent nephritis in systemic lupus
erythematosus. Lupus 2003; 12: 26–30.

35 Austin 3rd HA, Klippel JH, Balow JE, et al. Therapy of lupus
nephritis. Controlled trial of prednisone and cytotoxic drugs.
N Engl J Med 1986; 314: 614–619.

36 Austin HA, Boumpas DT. Treatment of lupus nephritis. Semin
Nephrol 1996; 16: 527–535.

37 Flanc RS, Roberts MA, Strippoli GF, Chadban SJ, Kerr PG,
Atkins RC. Treatment of diffuse proliferative lupus nephritis: a
meta-analysis of randomized controlled trials. Am J Kidney Dis
2004; 43: 197–208.

38 Gourley MF, Austin 3rd HA, Scott D, et al. Methylprednisolone
and cyclophosphamide, alone or in combination, in patients with
lupus nephritis: a randomized, controlled trial. Ann Intern Med
1996; 125: 549–557.

39 Illei GG, Austin HA, Crane M, et al. Combination therapy with
pulse cyclophosphamide plus pulse methylprednisolone improves
long-term renal outcome without adding toxicity in patients with
lupus nephritis. Ann Intern Med 2001; 135: 248–257.

40 Ong LM, Hooi LS, Lim TO, et al. Randomized controlled trial of
pulse intravenous cyclophosphamide versus mycophenolate mofetil
in the induction therapy of proliferative lupus nephritis.
Nephrology 2005; 10: 504–510.

41 Ponticelli C, Zucchelli P, Moroni G, Cagnoli L, Banfi G, Pasquali
S. Long-term prognosis of diffuse lupus nephritis. Clin Nephrol
1987; 28: 263–271.

42 Houssiau FA, Vasconcelos C, D’Cruz D, et al. Immunosuppressive
therapy in lupus nephritis: the Euro-Lupus Nephritis Trial, a ran-
domized trial of low-dose versus high-dose intravenous cyclophos-
phamide. Arthritis Rheum 2002; 46: 2121–2131.

43 Balow JE. Choosing treatment for proliferative lupus nephritis.
Arthritis Rheum 2002; 46: 1981–1983.

44 Anthony C. Allison EME. Mycophenolate mofetil and its mecha-
nisms of action. Immunopharmacology 2000; 47: 85–118.

45 van Bruggen MC, Walgreen B, Rijke TP, Berden JH. Attenuation
of murine lupus nephritis by mycophenolate mofetil. J Am Soc
Nephrol 1998; 9: 1407–1415.

46 Chan TM, Li FK, Tang CS, et al. Efficacy of mycophenolate
mofetil in patients with diffuse proliferative lupus nephritis.
Hong Kong-Guangzhou Nephrology Study Group. N Engl
J Med 2000; 343: 1156–1162.

47 Bao H, Liu ZH, Xie HL, Hu WX, Zhang HT, Li LS. Successful
treatment of class VþIV lupus nephritis with multitarget therapy.
J Am Soc Nephrol 2008; 19: 2001–2010.

48 Traitanon O, Avihingsanon Y, Kittikovit V, et al. Efficacy of
enteric-coated mycophenolate sodium in patients with resistant-
type lupus nephritis: a prospective study. Lupus 2008; 17: 744–751.

49 Austin HA, Balow JE. Natural history and treatment of lupus
nephritis. Semin Nephrol 1999; 19: 2–11.

50 Donadio Jr JV, Holley KE, Ferguson RH, Ilstrup DM. Treatment
of diffuse proliferative lupus nephritis with prednisone and

Major lupus organ involvement: severe lupus nephritis
Y Avihingsanon and N Hirankarn

1397

Lupus

 at Chulalongkorn University on March 20, 2011lup.sagepub.comDownloaded from 

http://lup.sagepub.com/


combined prednisone and cyclophosphamide. N Engl J Med 1978;
299: 1151–1155.

51 Contreras G, Pardo V, Leclercq B, et al. Sequential therapies for
proliferative lupus nephritis. N Engl J Med 2004; 350: 971–980.

52 Chan TM, Tse KC, Tang CS, Mok MY, Li FK. Long-term study
of mycophenolate mofetil as continuous induction and mainte-
nance treatment for diffuse proliferative lupus nephritis. J Am
Soc Nephrol 2005; 16: 1076–1084.

53 Ponticelli C, Moroni G. Flares in lupus nephritis: incidence, impact
on renal survival and management. Lupus 1998; 7: 635–638.

54 Moroni G, Quaglini S, Maccario M, Banfi G, Ponticelli C.
‘‘Nephritic flares’’ are predictors of bad long-term renal outcome
in lupus nephritis. Kidney Int 1996; 50: 2047–2053.

55 Austin HA. Clinical evaluation and monitoring of lupus kidney
disease. Lupus 1998; 7: 618–621.

56 Chan RW, Tam LS, Li EK, et al. Inflammatory cytokine gene
expression in the urinary sediment of patients with lupus nephritis.
Arthritis Rheum 2003; 48: 1326–1331.

57 Appel GB, Contreras G, Dooley MA, et al. Mycophenolate mofetil
versus cyclophosphamide for induction treatment of lupus nephri-
tis. J Am Soc Nephrol 2009; 20: 1103–1112.

58 Lertdumrongluk P, Somparn P, Kittanamongkolchai W,
Traitanon O, Vadcharavivad S, Avihingsanon Y.
Pharmacokinetics of mycophenolic acid in severe lupus nephritis.
Kidney Int. 2010, Jun 9. [Epub ahead of print].

Major lupus organ involvement: severe lupus nephritis
Y Avihingsanon and N Hirankarn

1398

Lupus

 at Chulalongkorn University on March 20, 2011lup.sagepub.comDownloaded from 

http://lup.sagepub.com/


see commentary on page 335

Pharmacokinetics of mycophenolic acid in severe
lupus nephritis
Paungpaga Lertdumrongluk1, Poorichaya Somparn1, Wonngarm Kittanamongkolchai1,
Opas Traitanon2, Somratai Vadcharavivad3 and Yingyos Avihingsanon1

1Renal Division, Lupus Research Unit, Faculty of Medicine, Department of Medicine, Chulalongkorn University, Bangkok, Thailand;
2Faculty of Medicine, Thammasart University, Bangkok, Thailand and 3Faculty of Pharmaceutical Sciences, Chulalongkorn University,
Bangkok, Thailand

Mycophenolic acid (MPA) is an effective treatment for active

lupus nephritis despite its variable efficacy in different ethnic

groups. Here we tested whether pharmacokinetic monitoring

may help to optimize dosing of MPA in an Asian population.

Patients with biopsy-proven class III or IV lupus nephritis

(ISN/RPS category) were treated with mycophenolate mofetil

or enteric-coated mycophenolate sodium. One month after

initiating treatment we measured plasma MPA levels in eight

samples taken over a 12-h period after drug administration.

The mean area under the time-dependent curve for MPA of

responding patients was significantly higher than those not

responding. Successful treatment was seen in patients with

areas 445 mg h/l. The dosage of the drug was not related to

MPA pharmacokinetics. In the mycophenolate mofetil group,

however, MPA-area under the curve was positively, and

significantly, correlated with trough or 1 h after dose

concentrations and associated with a therapeutic response.

Thus, our study shows that MPA pharmacokinetics were

positively correlated with therapeutic responses of

mycophenolate, suggesting that controlling the

concentrations may improve its therapeutic efficacy in lupus

nephritis. As the absorption and pharmacokinetic peak of

enteric-coated tablets is slower, it is important to take

different formulations into account when determining

optimal MPA concentrations.

Kidney International (2010) 78, 389–395; doi:10.1038/ki.2010.170;

published online 9 June 2010

KEYWORDS: glomerulonephritis; immunosuppression; lupus nephritis;

mycophenolate mofetil; pharmacokinetics

Proliferative lupus nephritis (International Society of
Nephrology/Renal Pathology Society class III/IV categoriza-
tion) is the most common and serious complications of
systemic lupus erythematosus (SLE). Without the appro-
priate treatment, this complication can turn into an end-
stage kidney disease within a few months. The standard of
care for lupus nephritis is cyclophosphamide and steroids,
even though it has many drug-related adverse events.1 The
most common causes of death for SLE patients are fatal
infections acquired in consequence of using immunosup-
pressive therapy.2 Therefore, a more effective and safer
treatment for lupus nephritis is needed.

Recently, the first-line treatment for proliferative lupus
nephritis cyclophosphamide was replaced by mycophenolate
mofetil (MMF), because its efficacy was comparable and less
toxic.3–10 Furthermore, results from a recent multicenter,
randomized-controlled study showed that African Americans
responded poorly to cyclophosphamide.6 In contrast, the
results from the Aspreva Lupus Management Study showed
that Asians responded equally well to both MMF and
cyclophosphamide, even though there were more deaths
reported in the MMF group.11 It should be noted that the
Aspreva Lupus Management Study trial was the largest
multinational study in lupus nephritis, which increased target
MMF dose to 3 g per day. Although most studies used 2 g per
day of MMF,1,3,4 the high-targeted MMF dose in this Aspreva
Lupus Management Study trial may be too much, particu-
larly for Asians. It has been pointed out that ethnicity may
partly explain the different pharmacokinetic profiles seen in
MMF and variation in the treatment responses.6,11 Therefore,
therapeutic drug monitoring (TDM) study may help to
optimize dosing of MMF in different ethnicities.

It has been shown that TDM of mycophenolic acid (MPA)
can improve clinical outcomes in organ transplant recipients.12

Acute rejection rate was reduced in kidney allograft recipients,
who had achieved MPA therapeutic levels consistently and early
after transplantation. Similar to that observed in organ trans-
plant recipients, severe lupus nephritis also requires early and
maximal therapeutic efficacy to stop the inflammation process.
As MMF became the mainstay immunosuppressive drug with
steroid minimization, thus we determined the correlation
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between the MPA levels of MMF or enteric-coated (EC)-
mycophenolate sodium (MPS) and its therapeutic response in
patients with proliferative lupus nephritis.

RESULTS
Patient characteristics

Out of a total of 18 patients, 2 patients were recently
diagnosed with proliferative lupus nephritis, whereas the rest
had renal relapse. In all, 15 patients had received cyclopho-
sphamide therapy in the previous episodes of renal flare
(Table 1). All patients had either class III or IV lupus
nephritis at the time of enrollment. In addition, five patients
had class IVþV lupus nephritis. A total of 12 patients were
treated with MMF and 6 patients received EC-MPS.

After 6 months of mycophenolate therapy, 11 patients
responded to treatment (responders) and 7 patients did not
(nonresponders). The responder and nonresponder groups
were generally comparable in age, body mass index, duration
of lupus nephritis, disease activity, serum creatinine,
estimated glomerular filtration rates, serum albumin, 24-h
urinary protein, exposure to steroid, cyclophosphamide or
ACEI/ARB, and renal pathological indices (Table 1).

MPA–area under the concentration–time curve (AUC)
predicted the response to the therapy

The mean (s.d.) MPA–AUC of the responders was signifi-
cantly higher than the nonresponders (65.98 (23.77) versus
32.08 (7.97); P¼ 0.002) (Figure 1). The MPA–AUC level
above 45 mg h/l can precisely predict the patient’s response to
therapy. With respect to treatment response, the receiver–-
operator characteristic curve (ROC) depicted the true-
positive fractions (sensitivity) and false-positive fractions
(1–specificity) at various cut points for MPA–AUC levels
(Figure 2a). The calculated area under the ROC curve was
0.96 (95% confidence interval¼ 0.87–1.05). On the other
hand, the therapeutic responses can not be predicted on the
basis of daily doses of MMF or EC-MPS or other clinical
parameters such as renal histology indices, pretreatment
levels of urinary protein, serum complement, or estimated
renal function (Figure 2b). The ROC–AUC and 95% con-
fidence interval were 0.20(0.05–0.45), 0.25(0.01–0.51), 0.66
(0.38–0.94), 0.40(0.10–0.71), 0.65(0.37–0.93), 0.53(0.23–0.84),
and 0.63(0.33–0.92) for urine protein, SLE disease activity
index (SLEDAI), systolic blood pressure, estimated glomerular
filtration rate, serum albumin, complement level, and activity

Table 1 | Comparisons between responder and nonresponder groups in demographics, laboratory results, and treatments
received during the study

Patient characteristics All (N=18) Responders (n=11) Nonresponders (n=7)

Sex, female: male 16:2 10:1 6:1
Age, years 33±7.76 34±9.42 31±4.1
Body mass index 22.2±4.04 20.6±1.4 24.5±5.49
Duration of disease, years 7.5±4.68 7.5±4.79 7.4±4.89
SLEDAI-2K score 15±4.01 14.4±4.4 17±3.26
Serum creatinine (mg/dl) 1.26±0.56 1.37±0.66 1.09±0.33
eGFR (CG) (ml/min) 70.71±42.91 62.14±35.67 84.18±52.45
eGFR (MDRD) (ml/min) 69.94±42.09 65.02±39.23 77.66±48.38
Serum albumin (g/dl) 2.6±0.70 2.8±0.73 2.3±0.58
24-h urine protein (g/day) 6.3±4.42 4.8±3.38 8.7±5.0
Hemoglobin level (g/dl) 10.5±1.86 10.3±1.77 10.7±2.13
White blood cell (cell/mm3) 9144±4703 10,443±4665 7102±4296
Serum total bilirubin (mg/dl) 0.29±0.07 0.33±0.05 0.25±0.06

ISN/RPS classification
Class III, n 4 2 2
Class IV, n 9 6 3
Class IV+V, n 5 3 2

Activity index (0–24) 12±4.84 12±4.95 11±4.96
Chronicity index (0–12) 3±2.07 2±1.95 3±2.06
Dosage of steroid at baseline (mg/d) 39±19.67 43±21.5 32±15.61
Dosage of steroid at 6 months (mg/d) 9±1.61 9±2.24 9±2.48
Cumulative dosage of steroid (mg) 3400±461 3175±646 3738±668
Number of patients on MMF/EC-MPS 12/6 8/3 4/3
Dosage of MMF (mg) 1416±194.63 1375±231.45 1500±0.0
Dosage of EC-MPS (mg) 1260±197.18 1080±0 1440±0
Dosage of MMF (mg)/IBW (kg) 28.07±5.39 27.69±5.85 28.84±5.05
Dosage of EC-MPS (mg)/IBW (kg) 25.37±7.19 19.24±3.4 31.51±2.17
Patients formerly received CY (n) 13 7 6
Number of patients on ACEI/ARB 13 8 5

Abbreviations: ACEI/ARB, angiotensin-converting enzyme inhibitor/angiotensin II receptor blocker; AUC, area under the concentration–time curve; CG, Cockcroft–Gault; CY,
cyclophosphamide; EC, enteric coated; eGFR, estimated glomerular filtration rate; IBW, ideal body weight; ISN/RPS, International Society of Nephrology/Renal Pathology
Society; MDRD, Modification of Diet in Renal Disease; MMF, mycophenolate mofetil; MPA, mycophenolic acid; SLEDAI, SLE disease activity index.
All P-values for comparison (responder vs nonresponder) were 40.05.
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index, respectively. A value of 0.5 (reference line) is no better
than by chance and a value of 1.0 reflects a perfect indicator.
According to the MPA–AUC target levels used in organ

transplantation, patients with MPA–AUC levels of 460,
between 30 and 60 and o30 mg h/l had response rates of 100,
60, and 0%, respectively, (P¼ 0.02) (Figure 3).

Association between plasma MPA concentrations at trough
(C0) or 1 h after dose (C1) and response to therapy with MMF

In the MMF group, the plasma concentration of MPA at
trough, 1, 4, and 8 h after dose were significantly correlated
with MPA–AUC (r¼ 0.90, 0.92, 0.70, and 0.80, respectively;
all Po0.05) (Table 2, Figure 4). On the other hand, there was
no correlation between each single-time point of MPA levels
and MPA–AUC in the EC-MPS group.

Interestingly, the plasma MPA concentrations at trough
and 1 h after dose (C1) in the MMF group were associated
with the response to MMF therapy. The mean C0 and C1 of
the responders were significantly greater than the nonrespon-
ders (3.09±1.07 versus 1.23±0.85; P¼ 0.01 and 24.48±
11.82 versus 5.96±3.93 mg/l; P¼ 0.01). However, there were
overlapping data of individual C0 and C1 levels between both
the groups (Figure 5).

Adverse events

Majority of the patients reported one or more adverse events.
Common events were gastrointestinal events, hematotoxicity
(anemia or leucopenia), and infection, which occurred in 50,
28, and 11% of the patients, respectively. There were no life-
threatening adverse events. MPA–AUC was not associated
with infectious episodes, gastrointestinal, or hematological
adverse events (Table 3).

DISCUSSION

This study showed, for the first time, the association between
MPA exposure and its therapeutic efficacy for active lupus
nephritis. Favorable treatment response rates, without any
additional adverse events, were associated with MPA–AUC
above 45 mg h/l. This study showed a pivotal role of TDM of
MPA for the treatment of lupus nephritis. ROC analysis
(Figure 2) showed that the MPA–AUC was far superior as
compared with other clinical or laboratory profiles in
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Figure 1 | Mycophenolic acid (MPA)–area under the
concentration–time curve (AUC) levels and the response to
therapy. Bars and lines represent the means and s.e. of the
MPA–AUC levels. The responder (white bar) had significantly
higher MPA–AUC levels than the nonresponder (black bar). AUC of
MPA (0–12 h).
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Figure 2 | Receiver–operator characteristic curve (ROC) curves
of mycophenolic acid (MPA)–area under the concentration
–time curve (AUC) levels to predict the response to therapy.
The fraction of true-positive (sensitivity) and that of false-positive
results (1�specificity) for (a) MPA–AUC and (b) other parameters
as predictors of the response to therapy are shown. The area
under the curve of ROC curve was 0.96 for MPA–AUC. The area
under the curves of ROC curves were 0.20, 0.40, 0.65, 0.53, and
0.63 for urine protein, estimated glomerular filtration rate (GFR),
serum albumin, complement level, and activity index.
A value of 0.5 (reference line) is no better than by chance and a
value of 1.0 reflects a perfect indicator.

R
es

po
ns

e 
ra

te
 (

%
)

100

75

50

25

0
>60>30 30–60

MPA-AUC (mg h/l)

Figure 3 | Patients with high mycophenolic acid (MPA)–area
under the concentration–time curve (AUC) levels have better
therapeutic response rates. Patients were divided into three
groups on the basis of their MPA–AUC levels of o30, 30–60, and
460 mg h/l.
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predicting therapeutic responses. Furthermore, MPA–AUC
was not associated with dosages of MMF or EC-MPS.
Therefore, a direct measurement of blood MPA levels in each
patient is required to determine MPA exposure.

On the basis of results obtained from transplant recipients,
it has been suggested that TDM of MPA should be carried out
to minimize the risk of allograft rejection.13 In a randomized
controlled trial known as APOMYGRE, it was shown that

TDM of MPA can reduce risks of allograft rejection and
treatment failure in renal transplant recipients.12 In organ
transplantation, the target therapeutic levels of MPA–AUC
was above 45 mg h/l.12 When we used this value for our study,
we noticed that it can precisely predict a good response to
therapy as well. Similarly, MPA–AUC of 30–60 mg h/l and
460 mg h/l that were used for transplantation,13 when used
in this study, were associated with increased response rates
(60 and 100%, respectively) as well.

It should be noted that reports from transplant recipients
recommended having TDM of MPA carried out at several
time points because of its large inter-subject variability in
MPA exposure.14 There are many factors that may influence
the large inter-subject variability seen in MPA pharmaco-
kinetics such as renal impairment, liver dysfunction, hypo-
albuminemia, genetic factors, and concurrent use of
calcineurin inhibitors.14–16 As we did not aim to test
influences of these factors, therefore in our study, our sample
size was too small to answer this type of question.

Nevertheless, our results showed MPA at trough levels and
1 h after dose were closely associated with MPA–AUC in
patients receiving MMF. This finding is consistent with
studies conducted in patients with autoimmune diseases and
glomerulopathy.17–19 Neumann et al.20 conducted a pharma-
cokinetic study comparing autoimmune disease with kidney
transplantation, which showed a better correlation at a
single-time point and full AUC for autoimmune disease.
Along the same lines, another study showed that high MPA
trough levels (C0) in SLE patients receiving MMF treatment
had lower recurrent rates.19
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Table 2 | Pharmacokinetic parameters of mycophenolic acid
(MPA) after oral administration of 1–1.5 g/day MMF and
1080–1440 mg/day EC-MPS in patients with class III or IV
lupus nephritis

MMF (n=12) EC-MPS (n=6)
Parameters Means±s.d. Means±s.d.

C0 (mg/l) 2.47±1.33 2.73±1.46
C0.5 (mg/l) 7.08±7.16 2.68±1.46
C1 (mg/l) 18.3±13.28 2.02±0.7
C2 (mg/l) 6.72±2.26 7.48±5.83
C3 (mg/l) 4.05±2.64 6.23±4.85
C4 (mg/l) 3.37±2.11 3.59±1.99
C8 (mg/l) 3.38±2.19 2.92±2.04
C12 (mg/l) 2.59±1.9 2.14±1.54
AUC0�12 (mg h/l) 57.97±29.38 42.44±9.86
Cmax (mg/l) 19.43±12.01 10.12±5.13
Tmax (h) 1.54±1.03 3.25±2.52
Dosage (mg/day) 1416.67±194.63 1260±197.18
Dosage/IBW (kg) 28.07±5.39 25.37±7.19

Abbreviations: AUC0–12, area under the concentration–time curve for 0–12 h; Cmax,
maximum concentration of drug; C0, trough plasma concentration of mycophenolic
acid; C0.5, C1, C2, C3, C4, C8, and C12, plasma concentrations of mycophenolic acid at
0.5, 1, 2, 3, 4, 8 and 12 h post-dose, respectively; EC-MPS, enteric-coated
mycophenolate sodium; IBW, ideal body weight; MMF, mycophenolate mofetil;
Tmax, maximum drug concentration.
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In addition, our study confirmed that pharmacokinetic
profiles of MPA were different between MMF and EC-MPS.
The maximum MPA level had an earlier peak for MMF.
These results indicated that the drug absorption of EC-MPS
was slower and its pharmacokinetic peak was consistent with
that of EC-formulated tablets. Therefore, it is important to
take different tablet formulations in to account when
determining optimal TDM of MPA.21

Aside from that, we demonstrated that there was a positive
correlation between MPA trough levels or at 1 h after dose
and the therapeutic response to MMF, even though there was
an overlapping data for the MPA levels (Figure 5). This
finding is in contrast to the results obtained from the renal
transplant recipients, which showed weak correlations
between MPA–AUC and trough level of MPA.22,23 It was also
pointed out that MPA trough levels obtained from renal
transplant recipients were not specific and sensitive in
predicting acute rejection compared with MPA–AUC.24–28

This difference may be because of the fact that our lupus
nephritis patients were only on MPA therapy without
concomitant use of other immunosuppressive drugs. Other
differences such as degree of renal impairment and serum
albumin levels may have contributed to this discrepancy.
Taking in to account our participants’ mild degree of renal
impairment and almost normal serum albumin levels, we
noticed that these different factors did not significantly
influence the pharmacokinetics of MPA.

The limitation of this study is our small sample size.
Although this study may not be applicable to majority of the
lupus patients, however, these results are relevant to those
patients with class III or IV lupus nephritis. The immuno-
suppressive use in this study was relatively low dose of MPA
with corticosteroids. In order to validate the benefit of MPA
exposure in an immunosuppressive regimen, we had to use
high doses of MPA without steroid. Another limitation of the
study is that the pharmacokinetic profiles of MPA were
assessed only once during the 6-month period. These results
could not determine within-patient variability. However, it
has been shown that there was minimal within-patient
variability in patients taking MMF after transplantation.14

On the other hand, multiple blood samplings of MPA–AUC
may maximize the efficacy and minimize its toxicity but
repeated measurements of MPA levels in real life is not
practical and feasible. Therefore, single point or limited
sampling strategies have been proposed to monitor MPA in
the blood.

Despite these limitations, our study showed that MPA
exposure is a good predictor for early therapeutic responses
in patients who have biopsy-proven class III or IV lupus
nephritis. Thus, we recommend maintaining MPA–AUC
levels above 45 mg h/l in severe lupus nephritis patients
taking mycophenolate treatment. It is important that MPA
monitoring is carried out to ensure optimal dosing of the
immunosuppressive drug in lupus patients.

MATERIALS AND METHODS
Patients and study design
This 6-month prospective study enrolled Thai patients with SLE as
defined by the criteria of American College of Rheumatology.29

Renal biopsy showed proliferative lupus nephritis class III or IV
according to the 2003 International Society of Nephrology/Renal
Pathology Society classification.30 All participants were required to
have any combinations of the two clinical criteria present: (1) 24-h
urine protein 42 g/day, (2) active-urine sediments (red blood cells
45 or white blood cells 45 per high-power field) or estimated
glomerular filtration rate o60 ml/min, and/or (3) a biopsy-
confirmed diagnosis of ISN/RPS class III/IV LN within 12 weeks
of study.

Patients were treated with a fixed dose of 1.0–1.5 g per day of
MMF or 1080–1440 mg per day of EC-MPS for 6 months based on
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Figure 5 | Plasma mycophenolic acid (MPA) concentrations at
trough (C0) or 1 h after dose (C1) and the response to therapy
with mycophenolate mofetil (MMF). Dots and lines represent
the individual and means of the MPA levels. (a) The responder
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Table 3 | Number of MPA-related adverse events for three
different MPA–AUC levels

MPA–AUC (mg h/l)

Adverse events Patients N (%) o30 30–60 460

GI symptoms 9 (50%) 2 4 3
Hematological symptoms 5 (28%) 1 1 3
Infections 2 (11%) 1 0 1

Total 18 (100%) 3 10 5

Abbreviations: AUC, area under the concentration–time curve for 0–12 h; GI
symptoms, gastrointestinal symptoms such as diarrhea, nausea, vomiting; hemato-
logical symptoms, anemia (Hbo11 g/dl) and leucopenia (white blood cell count
o4000/mm3); infection, Herpes infection; MPA, mycophenolic acid.
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the physicians’ prescription. The highest dose was given within
2 weeks and then no dose change was allowed unless there was
intolerance. All patients received oral prednisolone; starting dose of
prednisolone was 0.7 mg per kg of body weight per day and this dose
was reduced every 2 weeks by 5 mg/day until the dose was 5 mg/day.
A short course (o2 weeks) of moderate steroid dose (o30 mg/d)
was allowed in one patient (responder group) because of presenta-
tion of hemolytic anemia. The pharmacokinetic study was
performed after 1 month of treatment. We excluded patients who
were pregnant or had serum creatinine 43 mg/dl. Those who were
nonadherent to the protocol or had a history of mycophenolate
treatment, gastrointestinal disorders, or concurrent administration
of medications that disturbed the MPA pharmacokinetics such as
antacids, cholestyramine, acyclovir, and rifampin, were excluded
from the study as well. The participants were asked to take the
medicine on time with a 12 h interval and at least 1 h apart from
meals. Drug pill count was carried out by the study team at every
clinic visit. The follow-up period was for 6 months.

The study was approved by the Ethics Committee for Human
Research, Faculty of Medicine, Chulalongkorn University, Bangkok,
Thailand, and written informed consents were obtained from all the
participants.

The pharmacokinetic study of MPA
We measured MPA plasma levels 1 month after initiating
mycophenolate treatment. Venous blood samples were drawn at
baseline, 30 min, 1, 2, 3, 4, 8, and 12 h after oral administration of
mycophenolate. A volume of 3 ml of blood was collected in an
ethylenediaminetetraacetic acid-treated vaccutainers and was cen-
trifuged at 1200 g for 15 min. All plasma samples were stored at
�801C until further analysis was carried out.

MPA plasma concentration was measured by the new enzymatic
method (Roche Total MPA Assay, Hoffmann-La Roche, Basel,
Switzerland) on the basis of inhibition of inosine monophosphate
dehydrogenase, the in vivo target of MPA. It is a rapid and reliable assay
for determining plasma MPA concentrations when compared with the
standard assays of LC–MS/MS. The method can be performed using
fully automated COBAS INTEGRA analyzers and using the Cobas
modular platform (Roche Diagnostics GmbH) in combination with
routine clinical chemistry. Results can be obtained in 20 min.31,32 The
area under the plasma concentration–time curve (MPA–AUC) was
calculated by using the linear trapezoidal rule. We assessed whether
there was any relationship between single-time point and MPA–AUC.

Patient outcome assessment
The primary outcome of the study was to assess the correlation
between MPA–AUC and treatment response. This was defined by the
following criteria: (1) have a normal or increased estimated
glomerular filtration rate by 25% if the baseline estimated
glomerular filtration rate was abnormal, (2) have inactive-urine
sediments (red blood cells o5 cells per high-power field and white
blood cells o5 cells per high-power field), and (3) have a 50%
reduction of 24-h urine protein resulting in a level o2 g/day.33 The
secondary objectives assessed the number of adverse events and their
association with the drugs studied. Serum creatinine, complete
blood count, serum albumin, liver function test, fasting blood sugar,
lipid profiles, anti-nuclear antibodies, anti-double-stranded DNA,
complement levels, and 24-h urine protein were assessed at baseline
and the 6th month of treatment. Glomerular filtration rates were
estimated using the Modification of Diet in Renal Disease study
equations34 and the Cockcroft–Gault formula.35 All patients under-

went medical history and physical examination, which included
measurements of systolic and diastolic pressure, body weights, and
vital signs. All adverse effects of mycophenolate were recorded.

Statistical analyses
This study had an 80% power to detect a 40% difference in mean
MPA–AUC between responders and nonresponders with an a error
of 0.05 (two-sided). According to the power or sample-size
calculations, 18 patients were needed. We enrolled a total of 20
patients into the study, among whom 2 were excluded at the
screening visit. Statistical analyses were performed by using the SPSS
software version 16 (SPSS Inc., Chicago, IL, USA). Continuous data
were tested for normal distribution by using Kolmogorov–Smirnov
and Shapiro–Wilks tests. The normally distributed continuous data
were expressed as mean and standard deviation (s.d.) unless
otherwise specified. Differences in mean MPA–AUC in responders
and nonresponders were analyzed by an independent sample t-test.
To predict therapeutic response, ROC of MPA–AUC levels was
analyzed. The area under the curve was calculated. After the
therapeutic ranges in kidney transplantation,13 MPA–AUC was
categorized into three ranges (o30, 30–60 mg h/l, and 460 mg h/l),
and the response rates of the patients from the three different groups
were compared by using Chi-square test. Pearson’s correlation
analysis was used to determine whether there was any correlation
between MPA–AUC and each single-point level of MPA plasma
concentration. a was set at 0.05 and all tests were two-sided.
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