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Chapter I 

Introduction 

Lupus nephritis (LN) is an autoimmune mediated kidney inflammation 

affecting systemic lupus erythematosus (SLE) patients, and is highlighted as a poor 

prognosis for SLE survival (1).  Due to lack of insight in disease pathogenesis, heavily 

immunosuppressant usages without satisfactory treatment are often met during the 

therapeutic process (2).  Although kidney biopsy, a gold standard for LN diagnosis, 

could provide a lot of valuable information, LN patients might risk from several 

complications particularly in bleeding or infection etc.  Thus, it is necessary to 

understand the cause of disease to create a novel potential medication as well as 

biomarker for disease stage prediction.     

Regarding to the association between the development of LN disease and a 

specific antibodies detection (3-5), anti-double stranded DNA antibody, was considered 

as a major leading cause of LN disease (6, 7).  Either the presence of anti-dsDNA-

immune complexes within the glomerular site or a certain binding of anti-dsDNA 

antibodies to implanted chromatin structure on residential kidney cells and glomerular 

basement membrane was described as a key contributor to driving inflammation in the 

kidney (8, 9).  However, the assumptions were not completely clear as some patients 

who bear anti-dsDNA antibodies do not develop LN.  Therefore, several observations 

reported an emerging mechanism for anti-dsDNA antibodies induced kidney injury (10-

12).  The cross-reactive anti-dsDNA IgG antibodies to several resident cells antigens 

and glomerular basement membrane in glomerular and tubular region is more likely to 

represent the development of LN rather than antibodies activity determination (6). 

Mesangial cells are macrophages-derived cells located specifically in the kidney.  

Interestingly, the cells obtain smooth muscle cell-like phenotype which support 

glomerular structure and dialysis mechanism (13).  Moreover, the cells play several 

important roles to promote inflammation in the kidney including cytokine and 

chemokine production and being as antigen presenting cells etc. (14, 15).  Aberrant 

function of mesangial cells due to a specific stimulation was led to drastically 

accumulate mesangial matrix within glomerular resulting in kidney fibrosis and 

massive foreign antigens entrap within dense mesangial matrixes (16).  In LN, 
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mesangial cells proliferation is a typical histology features in class I – IV which 

represents a crucial role of mesangial cells in both downstream and upstream during 

glomerulonephritis processes.  However, a few studies were paid attention in mesangial 

cells.  Recently, an evidence showed that anti-dsDNA IgG antibodies cross-reacted to 

annexin II expressed on human mesangial cells (HMCs) inducing IL-6 expression and 

was correlated with disease activity (17).  In addition, purified anti-dsDNA IgG 

antibodies mediated myofibroblast like phenotype and endoplasmic reticulum stress 

proteins signalling induced inflammation in mesangial cells (12, 18).  Transcriptome 

analysis in anti-dsDNA antibodies treated mouse mesangial cells (MMSs) revealed 

changing of various genes in several pathways including NF-kB signalling, nitric oxide 

production, chemokine and cytokine production and cell proliferation or apoptosis (19).  

The mesangiolysis by specific antibodies induced acute nephritis with drastic 

proteinuria and mesangial cells proliferation in vivo (13).  This indicated that antibodies 

mediated mesangial cells injury might be an early inflammation sign in kidney which 

also found in LN histology.    

As describe above, it is suggested that anti-dsDNA antibodies mediated 

mesangial cells function might be crucial for LN pathogenesis.  Precisely design drug 

target to inhibit mesangial cells response might reduce side effect from board spectrum 

immunosuppressant, and might be a good biomarker to determine the recurrence of 

active glomerulonephritis among LN and SLE patients.   

The microRNA (miRNA) is a novel regulator which becomes a trending topic 

in term of therapeutic targets and biomarker.  The miRNA is small non-coding RNA 

that regulate protein translation and gene expression at post-transcriptional level (20).  

It plays an important role in many cellular processes including differentiation, 

transformation, replication and regeneration (21).  As secreted miRNAs could be 

detected in some various bodily fluids and its expression was restricted to certain 

specific tissues and biological stages, the miRNAs were considered as a potential 

candidate biomarker in many diseases.  In hepatitis C virus infection, inhibition of miR-

122 by anti-miR-122 drug (anti-miravirsen), were successfully decreased viral 

replication and it is currently in the clinical trial phase II (22).   

Exploring the role of miRNA in kidney might help to understand LN 

pathogenesis.  In SLE, a number of miRNA expressions were disturbed compared to 
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healthy controls (23).  For example, down-regulated miR-146a and up-regulated miR-

155 in PBMCs were examined as a potential regulator for type I interferon production 

(24).  For LN, study of the miRNA from kidney biopsy revealed a hundred of miRNAs 

were disrupted compared to healthy control (25).  Study the role of the miRNA in 

spontaneous develop LN prone mice showed that an up-regulation of let-7a which 

supported IL-6 expression during disease course (26).  In addition, using molecular 

probe technique identified miR-26a and miR-30a were identified as mediator in the 

mesangial cells proliferation through HER-2 (27).  Since LN pathogenesis is due to 

anti-dsDNA antibodies, study the role of miRNA in antibody mediated inflammation 

model might useful to explain the actual pathogenic process occurred in LN patients.  

 

Objective 

1) To investigate role of miRNA in mesangial cells which responded to anti-

dsDNA IgG antibodies  

2) To examine miRNA expression in mesangial cells which stimulated with 

antibodies 

 

Conceptual framework 
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Chapter II 

Literature review 

The microRNA 

miRNA is an endogenous non-translated small RNA that controls gene 

expression at post-transcriptional level (20, 28). The size is about 19-25 base-pairs in 

mature form.  It was discovered in the Caenorhabditis elegans during developmental 

stage from larva stage L2 to L3 known as small temporal RNA (29).  Surprisingly, the 

sequences from small temporal RNA was similar across several species including 

human.  The consensus sequences were identified in human genome with related 

function resembling small temporal RNA.  In consequent, the small temporal RNA was 

named as miRNA.    

For miRNA biogenesis and regulatory function, the miRNA gene were 

normally encoded within intron and co-expressed with mRNA under specific 

stimulation.  The microRNAs were transcribed by RNA polymerase II generating 

microRNA precursor called “pri-miRNA”.  In the following, the pri-miRNA was 

processed by Dorsha/DGCR8 enzymes into “pre-miRNA”.  Next, the pre-miRNA was 

transferred to cytoplasm by a specific protein called “Expotin5”.  Finally, the pre-

miRNA was cleaved by ribonuclease enzymes (Dicer) producing mature miRNA.  The 

mature miRNA was short RNA duplex with one strand preferentially select to be 

incorporated with RISC complexes.  The miRNA-RISC complexes are complementary 

binding to 3’UTR region of mRNA resulting in mRNA degradation and translational 

blocking (30) (figure 1).  A complementary or partially binding between “seed region” 

(2nd base to 8th from 5’-miRNA) to 3’untranslated region (UTR) of target mRNA is 

critical for its inhibitory effects (figure 2).  Complete recognition of the miRNA to 

3’UTR might drive mRNA degradation while partially binding cause translation 

inhibition (figure 3).  However, accumulative evidences showed a complexity of 

miRNAs regulatory function (31).  The observation showed the miRNAs repress 

protein translation through multiple pathways including (1) co-translation protein 

degradation, (2) inhibition of translational elongation (3) premature termination of 

translation and (4) inhibition of translation inhibition.  Moreover, the miRNAs can 
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exclude the translational machinery known as P bodies resulting in translational 

inhibition (figure 4).  Although it is hardly to conclude that which mechanism is the 

main mechanism for miRNA to silence gene expression, studies comparing natural full-

length 3’UTR suggested that the final outcome of miRNA regulation depends on the 

features and sequence of the target’s 3’UTR (31).  Additional reports showed that 

several factors might influence miRNA regulatory function such as the presence and 

cooperation between miRNA-recognition elements (MREs), the spacing between 

MREs, proximity to stop codon, position within the 3’UTR, AU composition and target 

mRNA secondary structure (32).    

According to short seed region and the ability to regulated gene expression by 

incomplete binding, it is known that one miRNA might control several mRNAs and 

transcription factor expression in certain pathways simultaneously.  In addition, 

difference miRNA containing similar seed region might influence the same gene 

expression.  Because of the redundancies function of the miRNA, this mechanism could 

“fine-tune” gene expression which is essential for balancing and maintain suitable cell 

response to a variety of stimuli.  
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Figure 1 The microRNA biogenesis 

The miRNAs transcripts were originated from long length pri-miRNA which encoded 

in human genome.  The pri-miRNA was then processed by RNase III enzymes (DGCR8 

and Drosha) generated intermediate transcripts known as pre-miRNA.  In the following, 

a ribonuclease enzyme called Dicer, cleaves pre-miRNA to duplex-small RNA.  The 

mature guide strand miRNAs were load into RISC complexes and function to down-

regulate gene expression depending on binding capacity, while another strand was 

degraded. RISC, RNA-induced silencing complex; DGCR8, DiGeorge syndrome 

critical region gene 8, an essential cofactor for Drosha; TRBP, transactivating response 

RNA-binding protein, a cofactor for Dicer.(33) 
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Figure 2 Types of microRNA target site based on Watson-Crick pairing at seed 

region. 

(A-C) Canonical, complementary binding between miRNA and target mRNA 

at seed region (7-8 nt seed matched sites).  Vertical dashes indicate 

contiguous Watson–Crick pairing. 

(D-E) Marginal, imperfect binding at seed region (6 nt sites matching the seed 

region).  These 6mer sites typically have reduced efficacy and are 

conserved by chance more frequently than the larger sites. 

(F–G) Sites with productive 3' pairing.  There are two types including 3’-

supplementary sites and 3’-compensatory sites. 

For 3'-supplementary sites (F), Watson–Crick pairing usually centring miRNA 

nucleotides 13–16 (orange) supplements a 6–8 nt site (A–E). At least 3–

4 well-positioned contiguous pairs are typically required for increased 

efficacy. 
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For 3'-compensatory sites (G), Watson–Crick pairing usually centering on 

miRNA nucleotides 13–16 (orange) can compensate for a seed mismatch 

and thereby create a functional site. 

(H) Number of preferentially conserved mammalian sites matching a typical 

highly conserved miRNA. For each site matching the seed region, orange-

hatched subsectors indicate the fraction of conserved sites with 

preferentially conserved 3'-supplementary pairing. Analysis was 

performed with the 87 miRNA families highly conserved in vertebrates. A 

7mer site is counted only if it is not part of 8mer site, and a 6mer site is 

counted only if it is not part of a larger site. Values plotted are the number 

of preferentially conserved sites confidently detected above background, 

calculated as the average number of conserved sites minus the upper 95% 

confidence limit on the sites estimated to be conserved by chance. Thus, 

for each site type of panels (A)–(E), there is 95% confidence that the actual 

average of preferentially conserved sites is higher than that plotted (34). 

 

 

 
 

Figure 3 The Actions of miRNA (20) 

(A)  An Extensive complementarity between miRNA and its target at coding 

region or UTR could result in messenger RNA cleavage. 

(B) Translational repression by miRNAs which short complementarity 

segments in 3’UTR. 
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Figure 4 Mechanism of miRNA mediated gene silencing (31) 

(A) Post-translation initiation mechanisms. The miRNAs (red) block translation 

elongation or by promoting premature dissociation of ribosomes (ribosome 

drop-off). 

(B) Co-translational protein degradation. This model proposes that translation 

is not inhibited, but rather the nascent polypeptide chain is degraded co-

translationally. The putative protease is unknown. 

(C–E) Translation initiation mechanisms.  The miRNAs interfere with a very 

early step of translation, prior to elongation.   

(C) Argonaut proteins compete with eIF4E for binding to the cap structure (cyan 

dot).   

(D) Argonaut proteins recruit eIF6, which prevents the large ribosomal subunit 

from joining the small subunit.   
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(E) Argonaut proteins prevent the formation of the closed loop mRNA 

configuration by an ill-defined mechanism that includes deadenylation. 

(F)  MicroRNA-mediated mRNA decay. The miRNA trigger deadenylation and 

subsequent decapping of the mRNA target. Proteins required for this 

process are shown including components of the major deadenylase 

complex (CAF1, CCR4, and the NOT complex), the decapping enzyme 

DCP2, and several decapping activators (dark blue circles). RISC is shown 

as a minimal complex including an Argonaut protein (yellow) and GW182 

(green). The mRNA is represented in a closed loop configuration achieved 

through interactions between the cytoplasmic poly-A binding protein 

(PABPC1; bound to the 3' poly-A tail) and eIF4G (bound to the 

cytoplasmic cap-binding protein eIF4E). 

 

 

The microRNA and immune response 

Obviously, the miRNA regulation is crucial for many immunological aspects 

such as development of immune cells and differentiation (figure 5) (32).  For example, 

miR-17~92 cluster was identified as a ubiquitous regulator of B-cells, T-cell and 

monocyte development.  Studies showed that miR-17~92 were drastically up-regulated 

at pre-B cell stage which prolong pre-B cell life by targeting pro-apoptotic proteins Bim 

(35).  Meanwhile miR-181a is reported as regulation of B-cell differentiation and 

CD4+T-cell selection, activation and sensitivity (36).  The miR-155 and miR-146a are 

examined as innate immune response upon Toll-like-receptors (TLRs) stimulation and 

type I interferon secretion (37).  For myeloid precursor differentiation, the miR-223 is 

involved in granulocyte development (38).  In adaptive immunity, such as antibodies 

production and inflammatory mediator release, the miRNA regulation is currently 

based on an impact of its controlling of immune cells differentiation and development.  

Interestingly, by using bioinformatics prediction tools, the miRNA seed regions were 

found to regulate more than 45% of immune genes (25).  Many miRNAs were 

characterized during immune response summarized in table 1.  It is suggested that fine-

tune expression might benefit immune responses in term of appropriate activation and 

inhibition.  As the miRNA is transiently expressed under specific conditions and tissue, 
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it becomes a new candidate for disease stage biomarker and therapeutic targets in 

immune dysregulation disease.   

 

 
 

 

Figure 5 The miRNA in immune and autoimmune responses (39) 

The selected miRNAs regulation is critical at different stages of peripheral B cell 

differentiation.  Several miRNAs (miR-17-92, miR-34a, miR-125 and miR-150) are 

involved in the pro-B to pre-B cell transition and regulate the generation of B cells in 

the bone marrow during the early stages of development.  The miR-181b and miR-155, 

target AID, whereas miR-125b, miR-9 and miR-30 target Blimp-1 and Irf4, which 

mediate plasma cell differentiation.  Upregulation (red arrow) or downregulation (black 

arrow) of miRNAs results in alterations in the expression of these key genes. AID, 

activation-induced cytidine deaminase; Blimp-1, B-lymphocyte-induced maturation 

protein-1; Irf4, interferon regulatory factor-4. 
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Table 1 The list of previous characterized miRNAs and its function with putative 

known target in immune cells and immunological response (32). 
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Lupus Nephritis and current issues in disease monitoring and treatment 

Lupus nephritis (LN) is a severe autoimmune attack kidney injury causing acute 

glomerulonephritis or chronic nephrotic syndrome.  It is the most common 

complication among SLE patients (40).  Usually, patients got sudden and unexplained 

swelling at extremity part of body with high blood pressure.  Proteinuria is found in 

100% of LN patients, while microscopic haematuria can be detected in 80% of LN 

patients.  Macroscopic haematuria is relatively rare in LN patients.  The reports showed 

that some of the patients might have low glomerular filtration rate (GFR).  In some 

cases, symptoms are likely to acute renal injury.  The Tamm-Horse fall proteins, β2-

microglobulin, light chain antibodies were secreted in urine since the renal tubular cells 

were defected according to immunological offensive (41).   

The epidemiology study showed that cumulative incidence and prevalence of 

LN are highly in Asian and Afro-Caribbean races compared with Caucasians(42).  In 

addition, up to 25% of these patients developed end-stage renal disease (ESRD) within 

10 years after onset of renal compromise(43).  Most patients with LN had a renal flare 

within five years after first diagnosis of nephritis.  Heavily immunosuppressive therapy 

was applied to maintain disease activity to quiescent stage (44).  This greatly increases 

risk of systemic infection which is a major leading cause of death in SLE patients (45).  

Balancing between immune response and immune suppression is an issue for LN 

treatments.  Specific treatment against reactive immune cells or direct target to kidney 

might help to reduce side effects from board immune suppressants usages.   

The causes of the LN are multi-factors such as genetic mutations, environmental 

inducers and hormonal factors (46, 47).  In case of genetic factors, most of LN patients 

were found multiple genetics aberrant incorporated with predisposing environmental 

factors (smoking, exposing to ultraviolet light, Epstein-Barr Virus (EBV) infection and 

some medication); however, single mutation in significant genes also can result in SLE 

too (figure 6).  For example, mutation in C3 complement pathways or HLA genes cause 

lupus-like disease.  The Genome Wide Association Study (GWAS) in Asian 

populations identified variants in ETS1 and WDFY4 which associated with LN (47).  

Not only the genetic variation, epigenetics dysfunction also can drive LN.  Previously, 

the study of DNA methylation or histone modification contributed to the over-

expression of auto-immune related genes in SLE patients (48).   
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Figure 6 The chromosome loci and gene associated with SLE or LN (46) 

The approximate chromosome location of gene associated with SLE or LN.  The genes 

were classified by their known functions and represented with difference colour.  The 

grey colour is a set of genes which is not belong to those groups.  The chromosome 

with orange bar in both sides represents genes which are large associated with SLE 

disease.  
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Combination between genetic factors and environmental factor could result in 

the defect in immunological tolerance and negative selection of auto-reactive T and B 

cells clone.  In addition, increasing in many apoptotic cells were often found in LN 

patients as well as reduction of apoptotic body clearance. Simultaneously, detection of 

nuclear antigens by professional antigens presenting cells (APCs) which present auto-

antigens to auto-reactive T-cells could be a key major pathogenesis of LN disease.  This 

led to have a persistence of auto-reactive B cells and T cells in patients’ circulation and 

over-production of various nephritogenic auto antibodies, chemokine and pro-

inflammatory cytokine inducing an inflammation.(49).    

For LN diagnosis and disease monitoring, presence of protein, white blood cells 

and red blood cells leakage in urine with retention of waste products (creatinine, UREA) 

in sera might represent disease activity.  Basically, these biomarkers are correlated with 

severity and stage of patients.  However, in some cases called “silencing LN”, patients 

usually get a large damage in kidney without showing any symptoms.  In addition, 

serological and urinary examination might not be able to tell the early sign of kidney 

injuries (50).  Thus, the gold standard of LN detection and disease monitoring is to 

evaluate their kidney biopsy histology.  It provides a useful information leading to plan 

a treatment strategy for patients.  Based on histological features, the LN patients can be 

classified into 6 classes depending on cell and affected area.  The International Society 

of Nephrology/Renal Pathology Society (ISN/RPS) were revised and provided standard 

criteria for LN classification listed here below (figure 7). 

 

1. Class I   : Minimal Mesangial cell proliferation 

2. Class II  : Mesangial proliferative nephritis 

3. Class III : Focal lupus nephritis 

4. Class IV : Diffuse segmental (IV-S) or global (IV-G) lupus nephritis 

5. Class V  : Membranous lupus nephritis 

6. Class VI : Advanced sclerosing lupus nephritis 
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In general, percutaneous kidney biopsy is safe.  However, it is an invasive 

technique which can carried a lot of potential risks such as infection, bleeding and 

internal damage to the target organs.  Therefore, the non-invasive tool to monitor 

relapse as well as to guide the treatment decision are still needed. 

 

 
 

Figure 7 Histological features of LN kidney biopsy class I – VI (1) 
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(1) LN class II. The histology of a glomerulus with periodic acid-Schiff staining 

under light microscope shows mild mesangial hyper cellularity.   

(2) LN class III (A).  The histology of a glomerulus with methenamine silver 

staining under light micrograph shows segmental of glomerulus with 

endocapillary hyper cellularity, mesangial hyper cellularity, capillary wall 

thickening, and early segmental capillary necrosis.  

(3) LN class III (A). The histology of a glomerulus with methenamine silver 

staining under micrograph shows segmental capillary necrosis with sparing 

of the remainder of the capillary tuft called vasculitis-like lesion.  

(4) LN class IV-G (A). The histology of a glomerulus staining with 

methenamine under light micrograph shows global involvement of 

endocapillary and mesangial hyper cellularity and matrix expansion, influx 

of leukocytes, and occasional double contours.  

(5) LN class IV-S (A). The histology of a glomerulus staining with periodic 

acid-Schiff staining under light microscope shows segmental of a 

glomerulus and endocapillary hyper cellularity, capillary wall double 

contours, wire loop lesions, and hyaline thrombi.   

(6) LN class IV-G (A/C). The histology of a glomerulus with periodic acid-

Schiff staining under light microscope shows global severe endo- and extra 

capillary proliferation, wire loop lesions, leukocyte influx, apoptotic bodies, 

capillary necrosis, and mesangial expansion with hyper cellularity and 

matrix expansion; marked interstitial inflammatory infiltration. 

(7) LN class IV-G (A/C). The histology of a glomerulus with periodic acid-

Schiff staining shows global endocapillary proliferation, leukocyte influx 

and apoptotic bodies, double contours, crescent formation with tubular 

transformation, early sclerosis, and disruption of Bowman’s capsule.  

(8) LN class IV-G (A). The histology of a glomerulus in methenamine silver 

staining with widespread sub endothelial immune deposits (wire loop 

lesions) associates with basement membrane new formation along the inner 
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side of the capillaries but without endocapillary leukocyte infiltration or 

hyper cellularity. 

(9) LN class V. The histology of a glomerulus staining with methenamine silver 

from advanced-stage lupus membranous nephropathy characterized by 

massive sub epithelial accumulation of immune deposits 

(immunofluorescence: full house) and interdigitating spike formation.  

(10) LN mix-class (class IV and V (A/C)). The histology of a glomerulus 

staining with methenamine silver shows lupus membranous nephropathy 

with sub epithelial spike formation combined with global endocapillary and 

mesangial hyper cellularity, early crescent formation, and beginning 

mesangial and capillary sclerosis.  

(11) LN class VI. The histology of a glomerulus with methenamine silver 

staining shows renal cortex that almost diffuse, global glomerular sclerosis 

accompanied by interstitial fibrosis, mononuclear inflammatory infiltrates, 

and vascular sclerosis  

(12) Thrombotic microangiopathy in a patient with SLE and circulating 

anticoagulants. A glomerulus with methenamine silver staining shows 

severe capillary and arteriolar thrombosis, endothelial cell swelling and 

necrosis, neutrophil influx, and stasis of erythrocytes. No signs of immune 

deposits. 

 

For LN treatment, standard treatment for LN is the combination of 

immunosuppressive drug including corticosteroids and cyclophosphamide.  The 

clinical outcome of LN patients is considerably improved (51).  However, patients 

might get several complications including nausea, cardiovascular disorder, gonadal 

abnormality and thrombotic syndrome.  Among several side effects from 

immunosuppressive treatment, infection is the most frequent and most dangerous 

adverse events associated with standard induction immunosuppressive treatment. The 

previous reports showed that severe infections were very common after the introduction 

of cyclophosphamide into treatment of AAV with 46% of patients experiencing severe 
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infection within 8 years of follow-up (52).  Therefore, new modes of treatment are 

needed especially in patient’s refractory, intolerant to, or frequently relapsing on the 

standard immunosuppressive treatment.  Treatment considerations aim to avoid or at 

least lessen the still unacceptably high short- and long-term toxicity of the treatment. 

Organ damage (e.g. advanced chronic kidney disease), either due to late diagnosis and 

referral (in AAV), or due to relatively slow response to treatment (in LN) further 

increases the adverse events of the treatment. 

 

Anti-double stranded DNA antibodies and mesangial cells 

The difficulty in the development of suitable treatment and diagnostic 

biomarker is the complexity of disease pathogenesis.  At present, it is known that auto 

anti-dsDNA antibodies level is significantly associated with LN development (53).  

Auto anti-dsDNA antibodies specific to several DNA structures including right handed 

double helix dsDNA (B-DNA), zig-zag shape dsDNA (Z-DNA), cruciform DNA and 

Critidia luciliae kinetoplast DNA.  The origin of anti-dsDNA antibodies was described 

therefore from excessive apoptosis cells without proper clearance.  This leads to 

massive presence of nucleosome in the circulation induced auto antibodies production 

(54).  The chromatin fragment containing histone proteins and wrapped DNA showed 

immunogenicity which recognized by auto-reactive B cells specific to B-DNA or Z-

DNA (figure 8).   
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Figure 8 Origin of anti-dsDNA antibody (54) 

Auto reactive B-cells recognized DNA structure on histone proteins.  The double 

stranded DNA structure is hapten, while histone proteins were known as carrier protein.  

In consequent, the auto reactive T-cells recognize antigens present by B-cells and 

promote antibodies class switching.    

  

The clinical implication of anti-dsDNA antibodies was started by 4 groups.  The 

reports were independently detected anti-dsDNA antibodies in the LN patients’ sera.  

In the following, the anti-dsDNA antibodies administration could induce severe 

proteinuria and nephritis in vivo (55).  This suggested that anti-dsDNA antibodies might 

be a key factor drive LN in SLE patients.  The antibodies activity and concentration 

was commonly used as a specific marker for LN and SLE (56).  Nevertheless, anti-

dsDNA antibodies could be found in SLE patients’ circulation without present of LN.  

This raises the question of whether anti-dsDNA antibodies were an actual cause of LN 

pathogenesis.  New theory with clear evidences expanded LN-pathogenesis knowledge.  

The studies showed two categories of anti-dsDNA antibodies including pathogenic 

anti-dsDNA antibodies and non-pathogenic anti-dsDNA antibodies (table 2) (54).  In 

general, antibodies could trigger an inflammation within the kidney by two pathways 

including pre-existing immune complexes deposition and chromatin structure 

recognition on glomerular basement membrane or heparan sulphate via ionic force (57).  

Recently, increasing evidences highlighted the contribution of cross-reactive antibodies 

and kidney resident cells in LN pathogenesis (figure 9) (11, 58).  The cross-reactive 

capacity was considered as pathogenicity of antibodies.  Several antigens on renal cells 
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were confirmed to recognized by anti-dsDNA antibodies including ribosomal P protein 

(59), alpha-actinin (10), annexin II (17).  After binding, the antibodies contain repeated 

arginine at variable region were capable to penetrate into the cells and nuclease 

activated ERK and increased cellular protein level of Bcl-2 (60).   

 

Table 2 Characteristic of pathogenic and non-pathogenic anti-dsDNA antibodies 

(61) 

 

 

Anti-dsDNA antibodies could cross-react to several antigens expressed on 

various cell types in kidney.  Particularly in glomerulus, there are composed of four 

major cell types (endothelial cells, epithelial cells, glomerular basement membrane, 

mesangial cells).  One of the most interesting cells which uniquely found in kidney and 

involved in inflammatory process is “mesangial cells” (15).  Mesangial cells are an 

immune cell resided within glomerulus connected to glomerular basement membrane 

and endothelial cells (14).   The cells are responsible for both structural support and 

immunological feedback.  For structural support, mesangial cells are behaved like a 

smooth muscle cells which express receptor for vasodilation and vasoconstriction 

agents assisting ultrafiltration mechanism (62).  In addition, the cells generated 

mesangial matrixes which help to maintain glomerular structure.   On the other hand, 

the cells are act as phagocytic cells.  The mesangial cells can engulf foreign antigens 

(immune complexes) and promote inflammation by presenting antigens to T-cells.  

Moreover, the cells can produce pro-inflammatory cytokine and chemokine recruited 

leukocytes that might amplify inflammation.  It is believed that mesangial cells were 

delivered from macrophages (63, 64).  Nonetheless, when co-culture mesenchymal 

stem cells with injured mesangial cells, the cell were unexpectedly differentiated into 

mesangial cells like phenotype (65).  In vivo experiment also found that mesenchymal 

stem cells, a multipotent stromal cell which normally differentiate to osteoblast (bone 
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cells), chondrocytes (cartilage cells), myocytes (muscle cells) and adipocytes (fat cells), 

could derive into mesangial cells during glomerulonephritis course (66).  Eventually, 

there is a controversy about the origin of mesangial cells.  Further analysis is still needed 

to identify certain origin of mesangial cells.   

Interestingly, mesangial cells proliferation is distinct feature of LN class I-IV 

histology (figure10).  This indicated that mesangial cells might play a role in LN 

pathophysiology.  However, there were a few studies determine the role of mesangial 

cells in LN development.   

Analysis of anti-dsDNA antibodies cross reaction on mesangial cells provided 

several interesting issues (67).  For example, the cells exerted cytotoxicity after poly-

clonal anti-dsDNA antibodies stimulation (68).  The anti-dsDNA antibodies increased 

IL-6, IL-1β, and TNF-α expression in both mouse (MMCs) and human mesangial cells 

(HMCs) (69).  The anti-dsDNA antibodies induction could stimulate fibronectin 

production and protein kinase C phosphorylation which inhibit by 

mycophenolatemofetil (immunosuppressant which commonly used for LN treatment) 

(70).  Furthermore, anti-dsDNA antibodies cause excessive hyaluronan generation that 

led to kidney fibrosis in chronic renal disease (71).  The anti-dsDNA antibodies 

stimulation transformed mesangial cells into myofibroblast like phenotype (18).  

Transcriptomic analysis displayed a whole picture of mesangial cells response against 

anti-dsDNA antibodies stimulation showing NF-κB signalling, nitric oxide synthesis, 

proliferation and apoptosis were upregulated (19).  Beside the anti-dsDNA antibodies 

could induce endoplasmic reticulum (ER) stress via pERK-eIF2α-ATF4 promoting 

inflammation (12).   
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Figure 9 The proposed mechanisms by which anti-dsDNA antibodies caused 

tissue damages (3) 

(A) represents anti-dsDNA antibodies immune-complexes induced inflammation.   

(B) represents pathogenic anti-dsDNA antibodies which attached to DNA structure, 

heparan sulphate and laminin triggering complement activation.  

(C) represents anti-dsDNA antibodies cross-reacted with renal antigens inducing cell 

death and damage.   

 

 

 

 

 

 

 

 

 

Figure 10 The contribution of mesangial cells in the glomerulus within the 

different types of LN 

(A) represents mesangial cell proliferation in nephrotic syndrome.   

(B) represents histology in one glomerulus from different class of LN (class I-VI).   

 

A B 
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The study of microRNA in Lupus nephritis 

Recently, a comparison of miRNA profiling studies in kidney biopsies from LN 

and healthy control raise up an interesting question about the role of miRNA in LN 

pathogenesis (72-74).  Several miRNAs were studies to characterize the role miRNA 

in both immune-related cells and kidney residential cells in LN pathogenesis (table 3) 

(75-79).  For example, in PBMC, the miR-146a were reported to target IRAK1 and 

TRAP6, a signalling protein in the type I interferon (IFN) pathways which known as 

signature cytokine in SLE pathophysiology (37) as well as miR-155 which target 

negative regulator, SOCS1 and SHIP1 resulting in AKT and type I IFN over-production.  

The miR-21 was found to control PDCD4, tumour suppressor proteins, related to NF-

kB signalling pathways.  Studies of miRNA in mesangial cells isolated from 

spontaneous develop LN mouse model demonstrated that up-regulation of let-7 during 

active stages could enhance IL-6 expression (26).  The miR-26a and miR-30a in human 

mesangial cells were important in mesangial cells proliferation (27).   

 

As described above, miRNA was specifically expressed at each time point and 

stimulation, the miRNA expression in anti-dsDNA IgG antibodies stimulated 

mesangial cells which considered as initial stage for inflammation induction in LN 

patients was necessary to investigate.  The aim of this study is to identify role of miRNA 

in HMCs upon anti-dsDNA antibodies activation compared to IgG control.  This might 

expand our understanding about antibodies mediated resident kidney cells induced 

inflammation with the miRNA regulatory mechanism which could be a novel 

therapeutic target or disease stage biomarker in the future.   
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Table 3 Summarized miRNA in lupus nephritis in difference cell or tissue types 

(80) 
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Chapter III 

Material and Methods 

Sample Collection 

Sera (3 mL) were collected from active LN patients (N=20).  All participant must be 

fulfilled at least 4 of 11 criteria in the American College of Rheumatology diagnosis 

criteria for SLE patients.  LN patients who undergoes active stage were defined by 

routine urine examination.  The urine protein and creatinine index (UPCI) which is 

higher than 1.0, and the presence of microscopic RBCs or WBCs in urine more than 5 

cells/HPF without an infection or the presence of RBC/WBC cast, granular cast, hyaline 

cast and renal tubular cells cast are generally considered as renal flare.  All sera from 

healthy controls were collected from donor at blood donation centre, Thai Red Cross, 

Thailand.  All the protocols were approved by ethic committee from Faculty of 

Medicine, Chulalongkorn University, EC. No. 268/56.   

 

Polyclonal anti-dsDNA antibodies Preparation 

To purify anti-dsDNA antibodies, each serum sample was diluted five times with PBS 

pH 7.4 and applied onto a protein G sepharose column (2 x 16mm, GE Healthcare life 

science, Thailand) equilibrated with PBS.  The matrix was subsequently washed with 

the equilibrating buffer to remove unbound proteins. The bound antibodies were eluted 

with 0.1 M Glycine buffer pH 2.6 and the collected fractions were immediately 

neutralized with 1M Tris-HCl buffer pH 9.  The purified antibodies, previously dialyzed 

against 25 mM Tris-HCl buffer pH 7.4 containing 1 mM EDTA, 50 mM NaCl, 1 mM 

β-mercaptoethanol, 10% glycerol, were loaded onto a DNA-cellulose column (3 x 

16mm, GE Healthcare life science, Thailand) equilibrated with the same buffer to 

isolate the anti-dsDNA IgG   After an extensive washing step to remove any unbound 

antibodies, the anti-dsDNA IgG were eluted by addition of 2M NaCl in the buffer.  The 

purified fractions were dialyzed against PBS pH 7.4 and stored at -80 oC until further 

analysis.  
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Antibodies activity and concentration 

Antibody activity and purity were examined by Direct ELISA (cat no. EA 1572-9601G, 

Euroimmun, Hausen Bernstein, Thailand) and SDS-PAGE, respectively.  Antibodies 

specificity was also confirmed by immunofluorescent against HEp-2 cells.  Briefly, 

HEp-2 cells were pre-coated to the slide.  The purified anti-dsDNA antibodies were 

added following with anti-IgG antibodies labelled FITC.  The staining pattern were 

determined as indicated in the previous study (81).  Purified anti-dsDNA IgG antibodies 

showed homogenous pattern.  Total IgG concentration were determined by 

nephelometry technique (BN prospec System, Siemens, Berlin, Germany).  

 

Primary HMCs culture and antibodies stimulation 

HMCs (Sciencell, Meditop, Thailand), passage 4-7, were seeded in 75mm2 culture flask 

with Mesangial Culture Medium (Sciencell, Cat. No. 4201) at 37 oC, 5% CO2.  The 

cells (2x105 cells/well in 24 well plate) were cultured in serum deprivation medium for 

24 hours before incubated with serum (1:10, 1:100, 1:1000) for 0, 3, 6, 12, 24 hours.  

For antibodies stimulation, the cells were incubated with anti-dsDNA IgG antibodies 

or non-specific IgG (10 µg/mL) with or without serum 1:100 for 3 hours.  For 

transfection experiment, the cells were prepared in serum and antibiotic deprivation 

medium for 24 hours to get high transfection efficiency.    

 

Flow-cytometry 

To determine anti-dsDNA IgG antibodies interaction on HMCs membrane antigens, 

flow cytometry were conducted as describe previously (17).  In brief, confluent HMC 

(1x106 cells) were trypsinized and cultured in suspension overnight (EBSS + 2% FBS, 

no agitation).  The cells were pelleted and washed with FACs buffer (DPBS+2%FBS) 

for 3 times. Next anti-dsDNA IgG antibodies or non-specific IgG (10, 20, 50, 100 µg/ml) 

were incubated for 1 hour on ice, then stained with anti-human IgG Fc region 

conjugated with FITC or isotype control (Biolegend, Advance Medical Sciences, 

Thailand).  To confirm its direct binding activity, the FcγR blocking reagent (Miltenyi 

Biotec, ITS, Thailand) were pre-incubated with HMCs (1:5 reagent volume per cells) 
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for 10 minutes at 4o C in the dark chamber.  The cells were subsequently washed and 

stained with anti-dsDNA IgG antibodies as described above.  HMCs were also stained 

with anti-HLA class I (clone W6/32) and anti-platelet derived growth factor β 

antibodies conjugated with FITC (Biolegend, Advance Medical Sciences, Thailand) as 

a positive control.  Flow cytometric results were analysed by Flowjo.    

 

RNA preparation 

Both Total RNA and small RNA were extracted using mirVana® small RNA extraction 

kit (Invitrogen Life Technologies, ABI, Thailand).  The principle for small RNA 

extraction is to increase ethanol concentration in order to precipitate small RNA, the 

small RNA eventually struck above the silicone column and be eluted with RNase-free 

water.  All the steps were followed the small RNA enrichment manufacturers’ 

procedures.  Purified RNA samples, processed with DNase treatment at 37oC, were 

stored at -80°C until use.  The RNA purity and concentration were evaluated by 

nanodrop 1000 (Thermo-scientific).  The OD 260/280 ratio which is larger than 1.8 are 

considered as a good quality RNA and subsequently used for RT and real-time PCR.  

For transcriptomic study and small RNA study, the RNA were analysed for RNA 

integrity and concentration on Agilent 2100 Bioanalyzer (Agilent Technologies, Palo 

Alto, USA) using small RNA chip assay.  The RNA must contain RNA integrity 

number (RIN) larger than 8 and the ratio between 28s rRNA and 18s rRNA larger than 

1.6.    

 

Reverse transcription PCR and Real-Time PCR  

The isolated total RNA fraction (250 ng) was retro-transcribed using the Applied 

BiosystemsTM High Capacity cDNA Reverse Transcription kit (Thermo Fisher 

Scientific, ABI, Thailand).  Reaction preparation were carried out according to 

manufacturers’ instruction.  Real-Time PCR was carried out by using Applied 

Biosystems® 7500 Real-Time PCR System.  List of primers were shown in table 4.  

 

 



30 

 

 

Table 4 List of Primers used throughout the study 

 

 
Official gene 

name 

Sequence primer Amplicon 

Size 

GADPH Forward 5’-GCACCGTCAAGGCTGAGAAC-3’ 

Reverse 5’- ATGGTGGTGAAGACGCCAGT-3’           

142 bp 

IL-6 Forward 5’-GGCACTGGCAGAAAACAACC-3’ 

Reverse 5’-GCAAGTCTCCTCATTGAATCC-3’ 

85 bp 

IL-8 Forward 5’-ACACTGCGCCAACACAGAAATTA-3’ 

Reverse 5’-TTTGCTTGAAGTTTCACTGGCATC-3’ 

185 bp 

IL-1β                Forward 5’- ACAGATGAAGTGCTCCTTCCA -3’ 

Reverse 5’- GTCGGAGATTCGTAGCTGGAT-3’ 

73 bp 

TNF-α Forward 5’-CTTCTCCTTCCTGATCGTGG -3’ 

Reverse 5’-GCTGGTTATCTCTCAGCTCCA-3’ 

266 bp 

MMP-10 Forward 5’-GGCTCTTTCACTCAGCCAAC-3’ 

Reverse 5’-TCCCGAAGGAACAGATTTTG-3’ 

176 bp 

CREB1 Forward 5’-ACGAAAGCAGTGACGGAGG-3’ 

Reverse 5’-CGGTGGGAGCAGATGATGTT-3’ 

198 bp 

NFAT5 Forward 5’-CAACAACATGACACTGGCGG-3’ 

Reverse 5’-TCGAAAAACCAATCTGGCACG-3’ 

124 bp 

PIK3CA Forward 5’-TCCAGACGCATTTCCACAGC-3’ 

Reverse 5’- GTCACATAAGGGTTCTCCTCCA-3’ 

186 bp 

SMAD2 Forward 5’- CACAGCCCTCACTCACTGTA-3’ 

Reverse 5’- GCACTCAGCAAAAACTTCCCC-3’ 

170 bp 

MAP4K4 Forward 5’-TGTTAAAACGGGTCAGTTGGC-3’ 

Reverse 5’-TGTCCTGGAGGGCTCTTTTTG-3’ 

159 bp 

MAP3K7 Forward 5’-ACTTGATGCGGTACTTTC-3’ 

Reverse 5’-GGTTGCGGCGATCCTA-3’ 

350 bp 

KLF4 Forward 5’-GGGCTGCGGCAAAACCTACACA-3’ 

Reverse 5’-CCATCCACAGCCGTCCCAGTCA-3’ 

103 bp 

HOXA1 Forward 5’-CCAGGAGCTCAGGAAGAAGAGAT-3’ 

Reverse 5’-CCCTCTGAGGCATCTGATTGGGTTT-

3’ 

247 bp 

 

Stem-loop RT and qPCR 

Since miRNA are short RNA sequences, its hold a similar sequence with little different 

between group of miRNAs.  The stem-loop primers were designed to increase more 

specificity and melting temperature which help amplification reactions.  The stem-loop 

primers were used in RT-PCR step.  In the following, a specific probe was used to 

increase uniquify during quantitative Real-time PCR.  The miRNA stem-loop primers 

were purchased from available company (Invitrogen Life Technologies, ABI, Thailand).  
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In this study miR-10a (ID479241_mir), miR-143 (ID478713_mir), miR-411 (ID 

478086_mir), miR-181a (ID 477857_mir), miR-125b (ID 478666_mir), miR-127(ID 

477891_mir) were selected for small RNASeq validation.  All the expression data were 

normalized with U44 (ID 001094) expression as reference genes.  The cDNA samples 

were subsequently detected by specific TaqMan probe from same assay.  The 

expression were determined by cycle threshold and expression fold change were 

calculated as previous reports (82).     

 

cDNA Microarray  

Total RNA from anti-dsDNA IgG antibodies stimulated HMC and transient miR-10a 

knockdown HMC were amplified and purified using the Ambion Illumina RNA 

amplification kit (Ambion, Austin, USA) to yield biotinylated cRNA according to the 

manufacturer’s instructions. Briefly, 550 ng of total RNA was retrotranscribed to cDNA 

using a T7 oligo(dT) primer.  Second-strand cDNA was synthesized and labelled with 

biotin-NTP.  After purification, the cRNA was quantified using the ND-1000 

Spectrophotometer (NanoDrop, Wilmington, USA).  750 ng of labelled cRNA samples 

were hybridized to human HT-12 expression v.4 bead array for 16-18 h at 58°C, 

according to the manufacturer's instructions (Illumina, Inc., San Diego, USA). 

Detection of array signal was carried out using Amersham fluorolink streptavidin-Cy3 

(GE Healthcare Bio-Sciences, Little Chalfont, UK) following the bead array manual. 

Arrays were scanned with an Illumina bead array Reader confocal scanner according 

to the manufacturer's instructions.  The quality of hybridization and overall chip 

performance were monitored by visual inspection of both internal quality control 

checks and the raw scanned data. Raw data were extracted using the software provided 

by the manufacturer (Illumina GenomeStudio v2011.1 (Gene Expression Module 

v1.9.0)). Array probes transformed by logarithm and normalized by quantile method.  

Statistical significance of all expression data was determined using un-pair t-test and 

fold change in which the null hypothesis was that no difference exists among groups. 

False discovery rate (FDR) was controlled by adjusting p-value using FDR algorithm 

(p-value < 0.05).  For a DEG set, Hierarchical cluster analysis was performed using 

complete linkage and Euclidean distance as a measure of similarity.  Gene Set 
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Enrichment (GSE), Gene Ontology (GO) and Functional Annotation analysis for 

significant probe list were performed using DAVID 

(http://david.abcc.ncifcrf.gov/home.jsp). All data analysis and visualization of 

differentially expressed genes were conducted using R 3.0.2 (www.r-project.org). The 

microarray data from anti-dsDNA IgG antibodies stimulated HMC and transient 

knockdown miR-10a in HMC were deposited in GEO database as repository number 

GSE80364 and GSE79574, respectively.   

 

Small RNA library preparation and next generation sequencing with sequence 

annotation 

Small RNA libraries were prepared by using TruSeq Small RNA library preparation 

kits (Illumina®, Bioactive Ltd, Thailand).  Regarding manufacturer’s protocol, small 

RNA (1 µg) were pooled and ligated with the adapter using T4 RNA ligase.  The 

processed RNAs were retro-transcribed and amplified with PCR primer.  The cDNA 

libraries were selectively purified by 6% polyacrylamide gel electrophoresis using 

custom RNA ladder and high-resolution ladder as molecular weight references. The 

libraries were extracted by gel breaker tube and eluted from the gel by ultrapure water.  

Finally, the cDNA was denatured with NaOH before loading into MiSeq Reagent 

cartridge (Illumina®, Bioactive Ltd, Thailand).  The sequencing was run by MiSeq 

Sequencing System (Illumina®, Bioactive Ltd, Thailand) and all the data were 

imported by Illumina® GenomeStudio Software.  Sequencing files (.fastq) were 

analyzed by using two independent bioinformatics tool including miRDeep 2.0 (83) 

and sRNAbench (84).  Sequencing quality was evaluated by FastQC program.  The 

sequences were aligned to miRbase 20 database. The number of amplicons was 

normalized to reads per million reads (RPM). 

 

miRNA transfection 

The HMC (passage 4-7) (1x105 cells) were transfected with miR-10a inhibitor, miR-

10a mimic and scramble controls using Lipofectamine RNAiMax (RNA 5 pmol: 

RNAiMax 1.5 µL/well) (Thermo Fisher Scientific, Gibthai, Thailand) for 24, 48, 72 

hours.  Then, miR-10a expression were determined by using stem-loop RT and Real-

http://david.abcc.ncifcrf.gov/home.jsp
http://www.r-project.org/
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Time PCR as described above.  For anti-dsDNA antibodies stimulation, cells were 

transfected with miR-10a inhibitor for 24 hours, subsequently, the cells were stimulated 

with anti-dsDNA IgG antibodies (10 µg/mL) for 0, 3, 6, 12 and 24 hours.  

 

Cell Viability assay 

The miR-10a knock-down HMC were cultured overnight.  In the following, cell 

proliferation assay (MTS, Cell Aqueous One Solution Cell Proliferation Assay, 

Promega, USA) were added into culture medium and incubated for 4 hours.  Cell 

density was detected by absorbance (OD490) by Verioskan (Thermo Fisher Scientific, 

Gibthai, Thailand).  The standard curve was conducted by using a various number of 

cells from 5,000 to 60,000 cells.  Three biological replicates with three independent 

experiments were required.  

 

Luciferase assay 

The pmirGLO dual luciferase miRNA Target expression vector (Promega, DKSH, 

Thailand) was used as reporter plasmid.  The miR-10a binding sites and binding 

capacity presence in the 3’UTR of IL-8 and NFAT5 were predicted using three 

independent programs including TargetScan (85), miRanda and RNAhybrid (86).  

These sequences were inserted into the pmirGLO plasmid.  In consequent, the plasmid 

was transformed into complete cells (Escherichia coli species TOP10).  As plasmid 

carried ampicillin resistant gene, bacteria that are holding plasmid were selected by 

growing in ampicillin-medium.  The plasmids were extracted by Fast and Easy Plasmid 

Prep kit (JenaBioscience, Zcell, Thailand) with low-endotoxin contamination.  Inserted 

plasmids were confirmed by sanger sequencing and aligned to plasmid sequences in the 

database.  The pmirGlo containing 3’UTR IL-8 or 3’UTR NFAT5 were co-transfected 

into HMCs with miR-10a inhibitor, miR-10a mimic and scramble control for 48 hours 

using Lipofectamine 2000 (DNA 500 ng: 15 pmol RNA: Lipofectamine 1 µL/ 24 wells) 

(Thermo Fisher Scientific, Life Technology, Thailand).  Luciferase activity were 

determined by Dual-Glo® Luciferase assay systems (Promega, DKSH, Thailand).  

Transfection efficacy were examined by Renilla-luciferase.  The luciferase-renilla 

luciferase ratio were reported.   
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Interleukin-8 ELISA 

The HMCs were transfected with miR-10a inhibitor, miR-10a mimic and scramble 

control for 24, 48 and 72 hours.  Culture supernatant were collected according to these 

conditions.  The IL-8 secretion was studied using hIL-8 ELISA duo kit (R&D).   

 

Statistical analysis 

Expression data were compared using un-pair student’s t-test.  The non-parametric 

Mann-Whitney U-test was used to draw comparisons between groups, with the 

exception that an un-pair t-test was used to compared reporter gene activity.  To 

compare the different between the group, two-way ANOVA were applied.  For 

correlation study, Pearson-Spearman method was used.  P-values less than 0.05 were 

considered as statistically significant.   
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Chapter IV 

Results 

Anti-dsDNA antibodies cross reacted to membrane antigen of HMCs and 

stimulated IL-6 expression which marked as an early activation marker 

Anti-dsDNA antibodies were purified from the serum of LN patients (N = 20) 

while non-specific IgG controls were isolated from healthy serum (N = 20) using 

affinity chromatography (sample demographic data are in table 5).  The antibodies 

activity against DNA was confirmed by ELISA and immunofluorescent with HEp-2 

cells.  Percent antibodies recovery were calculated using total IgG concentration after 

purified divided by total IgG in starting material.  The results showed that 10-20% of 

antibodies were recovered as anti-dsDNA IgG antibodies.   

Table 5 Lupus nephritis patients’ demographic data and clinical scores 

 
 

(a) The MDRD equation for Thais is as follows: 175 × Cr(Enz) ((-1.154)) × Age ((-0.203)) × 0.742 (if female) × 1.129 (if Thai).  
(b) Activity index is number of containing lesions such as cellular crescents,  
(c) Chronicity index is number of composed of glomerulosclerosis s and interstitial fibrosis 

 

  

Characteristic  Active Ln Healthy P-value 

Number 20 20 n/a 

Sex (F/M) 19/1 19/1 n/a 

Age (years) 33.75 ± 8.52 38.3 ± 

8.93 

0.1518 

Clinical parameter 
   

       Serum Creatinine (mg/dL) 1.002 ± 0.1065 n/a n/a 

       Proteinuria (g/day) 3.081 ± 0.3996 n/a n/a 

       Urinary Erythrocyte Count  (/HPF) 10.55 ± 4.863 n/a n/a 

       MDRDa GFR (mL/min) 82.08 ± 7.259 n/a n/a 

LN Renal Histology 
   

       Class III 1/20 n/a n/a 

       Class IV 11/20 n/a n/a 

       Class V  2/20 n/a n/a 

       Class III + V 1/20 n/a n/a 

       Class IV + V 5/20 n/a n/a 

Activity Indexb 5.9 ± 3.63 n/a n/a 

Chronicity Indexc  5.2 ± 3.85 n/a n/a 

Steroid Dose (mg/day) 19.63 ± 2.829 n/a n/a 
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As previous report demonstrated that anti-dsDNA IgG antibodies drove IL-6 

expression in HMC related to the inflammation in LN (10), we therefore selected to 

detect the IL-6 expression as a response of HMC to anti-dsDNA antibodies in this study.  

Preliminary study using serum stimulation, the cells were stimulated with crude serum 

from healthy control and LN patients in various conditions (serum final concentration 

1:1000, 1:100 and 1:10 at different time-point 0, 3, 6, 12, 24 hours).  The results showed 

that patients serum (1:100 and 1:10) could upregulate IL-6 expression compared to 

healthy controls (p-value < 0.01) (figure 11A).  The high serum titer (1:10) were 

obviously induced cell apoptosis more than low serum titer (1:100).  We therefore use 

serum titer at 1:100 in this study.  The expression of IL-6 were also detected in time-

dependent manner.   We found a remarkable increase of the IL-6 expression after serum 

treatment (1:100) for 3 hours (figure 11B).     

With the same condition, the HMCs were treated with purified anti-dsDNA IgG 

antibodies (10 µg/mL) in the presence of normal serum (1:100) for 3 hours.  Similarly, 

the anti-dsDNA IgG antibodies could up-regulated IL-6 expression significantly 

compared to non-specific IgG controls (p-value < 0.01) (figure 12A).  This suggested 

that rapid activation of HMC using anti-dsDNA IgG antibodies could trigger a pro-

inflammatory cytokine expression.  In this case, the IL-6 expression was represented as 

responding marker of HMCs.     
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Figure 11 Preliminary study using serum from healthy control and active LN 

patients. 

The HMCs were cultured in serum free medium over night before serum stimulaton.  

A. The serum were diluted with culture medium into three titer including 1:10, 1:100 

and 1:1000.  The HMCs were treated with various concentration of serum at 6 hours.  

B. The HMCs were stimulated with serum (1:100).  The IL-6 expression was 

determined at different time point (0, 3, 6, 12, 24 hours) after serum stimulation.  The 

(*), (**), (***) denote the significant p-value from less than 0.05, 0.01 and 0.001, 

respectively.    

 

 

In order to investigate the mechanism which promoted IL-6 expression in HMC, 

previous studies demonstrated that cross-reactive binding of anti-dsDNA IgG 

antibodies onto HMC membrane antigens could markedly upregulated IL-6 expression.  

To test whether anti-dsDNA IgG antibodies could cross react with HMCs membrane 

antigens, the HMCs were cultured in suspension over-night.  Subsequently, the HMCs 

were incubated with anti-dsDNA IgG antibodies following with secondary antibodies 

against IgG conjugated with FITC.  An increasing number of FITC positive cells 

represents number of cross reacted antibodies compared to non-specific IgG control.   

Using flow-cytometry detection, the FITC positive cells were increasing in anti-dsDNA 

IgG antibodies stimulation in dose-dependent manner (10, 50, 100 µg/mL) (figure 12B).  
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This suggested that anti-dsDNA IgG antibodies could bind directly to HMCs.  To 

exclude the possibility that anti-dsDNA IgG antibodies were recognized by Fc gamma 

receptor expressed on HMCs, the cells were pre-treated with Fc gamma receptor 

blocking reagents before anti-dsDNA IgG antibodies activation.  The results showed 

that blocking Fc gamma receptor did not reduce any binding activity of anti-dsDNA 

IgG antibodies to HMCs (anti-dsDNA Ab 20.5% VS. IgG 2.22% and anti-dsDNA Ab 

20.5% VS 2nd Ab 2.19%, p-value < 0.05) (figures 12C and 12D).  This indicated that 

anti-dsDNA IgG antibodies cross reacted to the antigens on HMCs and it might drive 

IL-6 expression in HMCs.    

 

 
 

Figure 12 The interleukin-6 expression in HMCs stimulated with anti-dsDNA 

IgG antibodies and antibodies cross-reactivity onto HMCs cells membrane. 
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A. The HMCs (2 x 105 cells) were cultured in serum-free medium over-night.  The 

antibodies (10 µg/mL) were added into cultured medium for 3 hours with normal serum 

(1:100).  The IL-6 expression was detected using Real-Time PCR.  Bar graph represents 

mean ± SEM from three independent experiments with three biological replicates.  Data 

were expressed as mean ± SEM.  The (*), (**), (***) denotes P < 0.05, P < 0.01, P < 

0.001 versus serum free medium, respectively.  B. Flow-cytometry results showed anti-

dsDNA IgG antibodies binding to suspended HMCs in dose-dependent manner (10, 50 

and 100 µg/mL).  The HMCs (1x106 cells) were cultured in the EBSS-containing 10% 

FBS overnight.  Antibodies staining were carried out under 4o C for 1 hour following 

with either secondary antibodies conjugated FITC or isotype controls.  C. The cells 

were pre-incubated with Fc-gamma receptor blocking reagents for 30 minutes in dark 

chamber.  The anti-dsDNA IgG antibodies (50 µg/mL) were stained as described above.  

The histogram represent number of FITC positive cells.  The light grey represents 

isotype control, black represents IgG control and dark grey represent anti-dsDNA 

antibodies.  D. According to flow cytometry data, the mean fluorescent intensity was 

calculated.  Data shown represent a minimum of 3 biological replicates in three 

independent experiments.  The un-pair students’ t-test were used to compare the mean 

fluorescent intensity. The (**) denotes P-value < 0.01.    
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The miRNA expression profiling in HMC stimulated with anti-dsDNA IgG 

antibodies 

To investigate miRNA profiling in HMC treated with anti-dsDNA IgG 

antibodies, small RNA sequencing was conducted.  The small RNA quality was 

performed period to library preparation using small RNA bioanalyzer chip assay 

(Agilent).  The data were analysed using two bioinformatics tools called miRDeep2 

(https://www.mdc-berlin.de/8551903/en/) (83) and sRNAbench 1.0 or sRNAtoolbox 

software (http://bioinfo5.ugr.es/sRNAbench/sRNAbench.php) (87).  As the rule of 

thumb, it is known that a gene need to have a count of 5-10 in a library to be considered 

expressed in that library.  The low expression transcripts were filtered out in order to 

normalize small RNA sequencing data.  Top ten microRNA expression in each 

condition were reported in table 6.  Among these, the miR-10b is the highest abundance 

miRNA in HMCs in IgG stimulation while miR-22 is the highest in anti-dsDNA IgG 

antibodies stimulation.  Fold change difference between anti-dsDNA IgG antibodies 

and non-specific IgG control was calculated by ratio of read per million (RPM).  Next, 

the miRNA which up-regulated or down-regulated more than 1.5-fold were considered 

as responded to anti-dsDNA IgG antibodies.  However, it should be noted that there 

was no statistical analysis data since only one pooled samples in each group was used.  

The advantages of using pooled samples are reducing variations between samples and 

could be represented overall changing of microRNA expressions upon stimulation.  

Regarding to sequencing results, 61 miRNAs were up-regulation and 14 miRNAs were 

down-regulation (listed in table 7 and table 8).  The miRNAs were then compared to 

previous reports which showed miRNA expression in kidney biopsy from LN patients.  

The miR-320, miR-134, miR-130b, miR-200 which involve in the apoptotic induction 

or prolong cell proliferation and epithelial-mesenchymal transformation (EMT) 

inhibition were consistently up-regulated as found in biopsy.  However, several 

miRNAs which reported in the kidney biopsy did not find any elevation in this model.  

This might be due to a mixture of cells in the kidney biopsy.  Additionally, the miRNA 

which expressed in this model are mostly represented a prompt response of HMCs to 

antibodies, while miRNA in kidney biopsy might be a result from chronic inflammation 

and infiltrated lymphocytes.   
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In the following, the potential miRNAs were selected for further validation 

regarding to the inclusion criteria such as an amount of each miRNA in the library, fold 

change and its previous known functions which associated with kidney inflammation 

and cell proliferation or apoptosis.  These are including miR-181a, miR-127, miR-411, 

miR-125b and miR-10a (data were summarized in table 9).  Although the miR-146a 

were relatively low expressed and did not change after anti-dsDNA IgG antibodies 

stimulation, we picked miR-146a for validation according to previous reports in the LN 

kidney biopsy which found miR-146a upregulation in LN kidney especially in 

glomerular part (88).   

From validation result, experiment showed that miR-146a and miR-411 were 

unexpectedly down-regulated in both IgG and anti-dsDNA IgG antibodies stimulation.  

This was different from sequencing results which found up-regulation of miR-411 and 

no-change in miR-146a expression.  The discrepancies between validation results and 

screening results might be because of the technique sensitivity and specificity.  

However, the validation technique is more reliable procedure to detect miRNA 

expression.  While miR-10a were down-regulated only in anti-dsDNA IgG antibodies 

stimulation similarly to sequencing results, other miRNAs were shown no alteration 

(figure 13A).  Hence, this suggested that the down-regulation of miR-10a in HMCs 

were specifically responded to anti-dsDNA IgG antibodies whereas the down-

regulation of miR-146a and miR-411 were reacted to non-specific antibodies 

stimulation.   

The miR-10a expression were also detected in kidney biopsy from LN patients 

compared to cadaveric donor kidney nephrectomy.  In consistent, the miR-10a 

expression were significantly down-regulation in kidney biopsy collected from LN 

patients class IV (severe type of LN with large mesangial cells expansion) (figure 13B).  

Despite we did not find the down-regulation of miR-10a in kidney biopsy from LN 

patients class III + V, a few samples showed down-regulated of miR-10a expression.  

The correlation of miR-10a expression and clinical data were plotted.  We found that 

the miR-10a expression were correlated with urine protein creatinine index (UPCI) in 

LN patients (r2 = 0.5266, p-value = 0.0115) but it was not correlated with creatinine 

clearance (r2 = 0.0247, p-value = 0.547) (figure 13B).  Regarding to the result, this 

suggested miR-10a might be associated with LN pathogenesis in term of anti-dsDNA 
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IgG antibodies induced-inflammation to HMCs.  Moreover, the perturbance of miR-

10a expression in HMCs might be involved in a protein leakages in LN patients which 

is an early marker of active LN patients.    

 

Table 6 Top ten microRNA expression in HMC stimulated with anti-dsDNA IgG 

antibodies and non-specific IgG controls with fold change difference.  

 

 

 

 

 

 

 

 

miRNA Ranking 

No.  

IgG  

(RPM*) 

Ranking 

No. 

Anti-dsDNA 

Ab (RPM*) 

Ratio 

 (dsDNA Ab/IgG) 

hsa-miR-10b-5p #1 147909.4151 #4 65422.86937 0.442317139 

hsa-miR-22-3p #2 100507.5979 #1 132886.7562 1.322156325 

hsa-miR-100-5p #3 84597.5886 #2 77032.93499 0.910580742 

hsa-miR-21-5p #4 83722.62559 #3 75054.69997 0.896468541 

hsa-miR-10a-5p #5 76251.63459 #7 38997.60429 0.511433027 

hsa-miR-191-5p #6 38078.98689 #8 39596.09153 1.039840993 

hsa-let-7a-5p #7 37228.5825 #9 37605.53472 1.010125344 

hsa-miR-143-3p #8 23724.82095 #5 40051.41123 1.688164952 

hsa-miR-26a-5p #9 30015.30788 #10 33761.72111 1.124816752 

hsa-miR-127-3p #10 23762.20573 #6 38517.34762 1.62095001 
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Table 7 List of miRNAs which up-regulated in HMC stimulated with anti-

dsDNA IgG antibodies compared to non-specific IgG controls. 

 

Gene FC 

hsa-miR-215-5p 27.27223435 

hsa-miR-665 3.444939845 

hsa-miR-1260b 3.138414604 

hsa-miR-130b-5p 3.064417801 

hsa-miR-33b-5p 2.576904033 

hsa-miR-92a-2-5p 2.501403055 

hsa-miR-212-5p 2.343857619 

hsa-miR-194-5p 2.208774886 

hsa-miR-320b 2.126469588 

hsa-miR-654-5p 2.112805442 

hsa-miR-3152-5p 2.066891777 

hsa-miR-128-2-5p 2.065792951 

hsa-miR-1307-5p 2.044881651 

hsa-miR-24-2-5p 1.966259641 

hsa-miR-24-3p 1.966259641 

hsa-miR-24-1-5p 1.965891746 

hsa-miR-431-5p 1.96065317 

hsa-miR-27a-5p 1.94468231 

hsa-miR-584-5p 1.941964166 

hsa-miR-940 1.867604691 

hsa-miR-652-5p 1.851391504 

hsa-miR-107 1.847019928 

hsa-miR-210-5p 1.82666615 

hsa-miR-766-5p 1.814666654 

hsa-miR-200b-5p 1.803832823 

hsa-miR-410-5p 1.788796434 

hsa-miR-323a-5p 1.782310582 
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Gene FC 

hsa-miR-151b 1.772254056 

hsa-miR-345-5p 1.751595461 

hsa-miR-143-5p 1.720790203 

hsa-miR-1322 1.717936022 

hsa-miR-134-5p 1.716779769 

hsa-miR-33a-5p 1.712942022 

hsa-miR-889-5p 1.689349567 

hsa-miR-199b-5p 1.688961015 

hsa-miR-199a-5p 1.688425961 

hsa-miR-181b-5p 1.675043962 

hsa-miR-126-5p 1.669171692 

hsa-miR-615-5p 1.659657655 

hsa-miR-532-5p 1.659652949 

hsa-miR-483-5p 1.655773863 

hsa-miR-127-5p 1.653583482 

hsa-miR-3661 1.644118459 

hsa-miR-708-5p 1.635985011 

hsa-miR-25-5p 1.621898532 

hsa-miR-181a-5p 1.621608753 

hsa-miR-589-5p 1.619763267 

hsa-miR-1185-5p 1.614880786 

hsa-miR-92a-1-5p 1.614278826 

hsa-miR-106b-5p 1.613123574 

hsa-miR-484 1.609798085 

hsa-miR-487b-5p 1.609506498 

hsa-miR-411-5p 1.603115545 

hsa-miR-27b-5p 1.577707495 

hsa-miR-192-5p 1.570935414 

hsa-miR-132-5p 1.560567837 

hsa-miR-140-5p 1.507966064 
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Gene FC 

hsa-miR-218-5p 1.503554584 

hsa-miR-1303 1.503194019 

hsa-miR-487a-5p 1.503194019 

hsa-miR-5094 1.503194019 

 

 

Table 8 List of miRNAs which down-regulated in HMC stimulated with anti-

dsDNA IgG antibodies compared to non-specific IgG controls. 

 

Gene FC 

hsa-miR-1254 0.590541 

hsa-miR-548au-5p 0.544687 

hsa-miR-10a-5p 0.520564 

hsa-miR-664a-5p 0.507102 

hsa-miR-502-5p 0.484901 

hsa-miR-497-5p 0.457494 

hsa-miR-10b-5p 0.450269 

hsa-miR-5690 0.409962 

hsa-miR-362-5p 0.397396 

hsa-miR-145-5p 0.33849 

hsa-miR-190a-5p 0.273308 

hsa-miR-19b-1-5p 0.26473 

hsa-miR-19b-2-5p 0.226492 

hsa-miR-7974 0.200967 
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Table 9 List of microRNAs for validation from miRNA expression profiles with 

their known functions.   

miRNA FC Known Function References 

miR-181a 1.62 - Up-regulated in serum from SLE patients 

 

- Up-regulated in human hepatocyte cell line in 

response to TGF-beta inducing epithelial-

mesenchymal transition (EMT)  

 

(89) 

 

 

(90) 

miR-127 1.62 - Up-regulated in purified splenocytes from 

MRL/lpr, B6-lpr and NZB/W F1 lupus nephritis 

mice 

 

(91) 

miR-146a 1.26 - Down-regulated in THP-1 cells and WBC from 

SLE patients as a result of IFN type I stimulation 

 

- Up-regulated in kidney biopsy from lupus 

nephritis patients especially in the glomerular part 

 

- Down-regulated in serum from SLE patients but 

up-regulated in urine from SLE patients  

 

(92) 

 

 

 

(88) 

 

 

 

(75) 

miR-411 1.55 - Up-regulated in lung cancer cells promoting cell 

proliferation by target FOXO genes 

 

- Up-regulated in hepatocellular carcinoma 

enhanced cell proliferation by target ITCG genes 

(93) 

 

 

 

(94) 

miR-125b 0.09 - Down-regulated in T-lymphocytes from Lupus 

nephritis patients and involved in IFN-signaling 

pathways by regulating STAT3 and ETS1 

 

(78) 

miR-10a/b 0.51 - Down-regulated in kidney biopsy from ischemic-

reperfusion and streptozotocin (STZ)-induced 

renal injury mouse model 

 

- Up-regulated in CD19+ cells from asymptomatic 

SLE patients compared to healthy controls 

(95) 

 

 

 

(96) 
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Figure 13 The qPCR validation of candidate miRNA from sequencing result, 

miR-10a expression in kidney biopsy from LN patients and correlation test 

between miR-10a expression and clinical data 
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A. Graphs show miRNA expression in HMC-treated with anti-dsDNA IgG antibodies 

(10 µg/mL) for 3 hours using stem-loop RT-PCR and qPCR.  Data shown were 

normalized with U44 expression and compared to untreated condition (SFM).  B. 

(Upper) Graphs represent miR-10a expression in kidney biopsy from LN patients 

grouping by histology class including III+V (n=6) and class VI (n=23) compared to 

cadaveric donor kidney biopsy (n=6).  The expressions were normalized with U44 

expression. Data were expressed as mean ± SEM.  (*) or (**) indicate significantly 

different from normal healthy IgG controls or cadaveric donor kidney (p-value < 0.05) 

or (p < 0.001).  (Lower) Graphs show the correlation between miR-10a expression and 

disease severity which composed of creatinine clearance (CCr) or urine protein 

creatinine index (UPCI).  Pearson’s correlation was applied to obtain r-square and p-

value.   

 

 

The miRNA and its target genes with their regulatory network 

To identify the role of microRNA in HMCs responded to antibodies, mRNA 

profiling was carried out.  Total RNA from previous experiments were used as starting 

material for cDNA microarray study.  Differential gene expression (DEG) were 

processed and analysed using Lumi R Bioconductor statistic packages.  The results 

showed that 342 genes were up-regulate whereas 496 genes were down-regulated 

(figure 14A) (Genes were listed in Table 10).  The gene ontology study revealed cellular 

functions of these particular genes which are mostly about cell cycle regulation, macro-

molecules catabolic processing and transcription or apoptosis (figure 14A).  This 

defined that early respond to anti-dsDNA IgG antibodies could be linked to HMC 

proliferation or intracellular signalling as a major phenotype.  To be more concise, the 

functional gene annotation using KEGG pathway analysis pointed that anti-dsDNA IgG 

antibodies stimulation induced the upregulation of gene in cancer pathways, WNT-

signalling, JAK-STAT signalling, mTOR signalling, p53 signalling and SLE-signalling 

pathway (FC > 1.2, FDR adj. p-value < 0.05).  Among this, we observed several genes 

involved in cellular recruitment were upregulated such as IL-6, IL-1, IL-8 etc.  In 

concurrent, the anti-dsDNA IgG antibodies decreased gene expression in the apoptosis 

pathway, NOD-like receptor signalling and cytokine-cytokine receptor interaction 
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pathways (FC < -1.2, FDR adj. p-value < 0.05) (figure 14B).  In order to validate 

microarray results, we selected various transcripts for quantitative Real-time PCR.  The 

results were found that anti-dsDNA IgG antibody were enhanced several cytokines and 

cell proliferation molecules (figure 14C)   

To characterize miRNAs which are responsible to control genes in the above 

pathways, the miRNA expression data were integrated and analysed with its mRNA 

expression.  The mRNAs were predictively bind to certain microRNAs in silico using 

TargetScan.  High prediction scores and experimental approve mRNA targets were 

selected for further analysis.  The miRNA target prediction tools use information about 

number of binding site in 3’UTR, pattern of binding to seed region, and conserved 

microRNA among species.  Inverse correlation between miRNAs were sorted.  The 

validated miRNA which is not significantly different from previous experiments were 

excluded.  Interestingly, the high abundance and upregulated miRNA after anti-dsDNA 

IgG antibodies stimulation (miR-1260b, miR-130a, miR-151b, miR-199b, miR-411 

and miR-654) have common predicted target genes. They predicted to regulate genes 

which function as enhancer of enzymes binding, phosphotransferase activity, protein 

kinase activity, protein serine/threonine kinase activity and kinase activity (figure 14D).  

Pathway analysis showed that the early responses of HMCs to anti-dsDNA IgG 

antibodies markedly alter signalling proteins especially in the PI3K/AKT pathways.  

Gene ontology (GO) using biological processes classification were categorized genes 

in several groups including cell differentiation, regulation of transcription or cellular 

component biosynthesis (table 11).  On the other hand, the miR-145 which down-

regulated after anti-dsDNA IgG antibodies stimulation were predicted to control gene 

with another function such as cytoskeleton protein binding, enzyme binding, 

transcriptional activator activity and transcription factor activity.  The GO term analysis 

by biological processes were characterized genes in a regulation of transcription from 

RNA polymerase II promoter and regulation of gene expression (table 12).  From 

network analysis result, it is clearly showed that miRNA play an important role in gene 

expression in HMCs during anti-dsDNA IgG antibodies stimulation.   However, it 

should be reminded that those target genes were using bioinformatics tools to generate.  

Further experiment to identify miRNA target genes is necessary to discover miRNA 

functional role in HMCs.    
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Table 10  The list of upregulated transcripts after anti-dsDNA IgG antibodies  

stimulation  
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Table 11 GO biological process term and p-value in network from up-regulated 

miRNA 

 
ID Gene ontology p-value adj. p-value  

(Bonferroni) 

GO:0045595 regulation of cell differentiation 1.634E-10 1.050E-6 

GO:0010628 positive regulation of gene expression 1.469E-9 2.360E-6 

GO:0009891 positive regulation of biosynthetic process 1.914E-9 2.360E-6 

GO:1902680 positive regulation of RNA biosynthetic process 2.308E-9 2.360E-6 

 

 

Table 12 GO biological process term and p-value in network from down-

regulated miRNA 

 

 
ID Gene ontology p-value adj. p-value  

(Bonferroni) 

GO:0045944 positive regulation of transcription from RNA 

polymerase II promoter 

6.891E-8 2.641E-4 

GO:0010628 positive regulation of gene expression 2.568E-7 4.921E-4 

GO:0045893 positive regulation of transcription, DNA-

templated 

2.213E-6 1.901E-3 

GO:1903508 positive regulation of nucleic acid-templated 

transcription 

2.213E-6 1.901E-3
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Figure 14 Transcriptomics analysis of anti-dsDNA IgG antibodies stimulated 

HMC in the early response (3 hours) 

A. (Left) Heat-map show correlation of significant different mRNA expression in anti-

dsDNA IgG antibodies and non-specific IgG controls.  Green represent up-regulation 

and red represent down-regulation.  (Right) Bar graph show the functional annotation 

clustering and enrichment score with p-value by DAVID analysis 

(https://david.ncifcrf.gov/tools.jsp).  B. The KEGG-pathways from up-regulated or 

down-regulated genes during anti-dsDNA IgG antibodies stimulation compared to non-

specific IgG controls.  Data represent three biological replicates. Multiple corrections 

were done by FDR correction.  P-value which is less than 0.05 was considered as 

significantly change.  C. Real-time PCR validation from cDNA microarray.  The graphs 

represent relative gene expression compared to house-keeping gene (GAPDH).  Fold-

change were calculated using methods explained in the part of material and method.  

D. Network analysis between high abundance miRNA and their mRNA predicted 

targets using ingenuity pathway analysis.  For up-regulated miRNAs, there are 

including miR-1260b, miR-130a, miR-151b, miR-199b, miR-411 and miR-654.  For 

down-regulated miRNA, there is only miR-145.  The graph was plot using Cytoscape 

version 3.4.0 (http://www.cytoscape.org/).   
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Study the functional role of miR-10a by transciently knock down miR-10a or 

over expressed miR-10a in the HMCs. 

As previous showed that miR-10a were specifically down-regulated in anti-

dsDNA IgG antibodies activated HMCs, the miR-10a targets from mRNA profiling 

were obtained from previous integrated data (table 13).  Functional annotation and 

clustering of those 81 predicted target genes highlighted the WNT-signalling pathways 

as a major target pathway for miR-10a after anti-dsDNA IgG antibodies activation.  

Since previous reports showed that the WNT signalling pathways usually associated 

with cell proliferation and differentiation (25) and HMCs expansion is major 

characteristic in lupus nephritis histology, down-regulated miR-10a might be a 

potential candidate miRNA which regulate HMCs proliferation.  To examine functional 

role of miR-10a, the miR-10a inhibitor and miR-10a mimic were transfected into HMCs 

to knock down miRNA and over-express miRNA expression, respectively.  Cell 

proliferation were determined by MTS assay at 24, 48 and 72 hours.  The transfection 

efficiency was highly effective after 24-hour transfection and continue decrease after 

time (figure 15A).  Interestingly, the miR-10a knock-down could slightly increase 

HMCs cell proliferation when compared to scramble controls, meanwhile over 

expression could result in the reduction of cells proliferation.     

 To identify a mechanism which miR-10a control cells proliferation, miR-10a 

target genes including known validated target genes and some predicted target genes 

were selected.  The target genes were detected in both miR-10a knock down and miR-

10a over-expression in HMCs from 24 to 48 hours.  For known validated targets genes, 

we selected HOXA1 (26), KLF4 (27) and MAP3K7 (28) to ensure our transfection 

systems.  Surprisingly, the HOXA1 was gradually up-regulated at 24 hours and highly 

up-regulated at 48 hours after miR-10a inhibitor were transfected, while the KLF4 and 

MAP3K7 were significantly up-regulated at 30 hours after miR-10a inhibitor 

transfection. In contrast, the miR-10 over-expression could down-regulated HOXA1 

expression with similar pattern as miR-10a knock down, whereas KLF4 and MAP3K7 

were down-regulated at 24-hour after transfection (figure 15).  Noticeably, time-point 

could affect microRNA function as well as different target genes might result in the 

different magnitude of responding.  For predicted target, potential target genes with 

their relative function to drive cells proliferation or apoptosis were examined (table 14).  
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There were including CREB1, NFAT5, MAP4K4, PIK3CA, and SMAD2.  These genes 

were bearing the miR-10a binding region at their UTR according to the bioinformatics 

prediction.  From results, it showed that only NFAT5 were up-regulated in miR-10a 

knock down at 24 hours, but CREB1, MAP4K4, PIK3CA and SMAD2 were not 

significantly changed.  In contrast, miR-10a mimic transfection led to the down-

regulation of NFAT5, however, it was not statistical significance.  Moreover, the miR-

10a over-expression resulted in the significant down-regulation of CREB1, MAP4K4 

and PIK3CA at 24-hour, while only SMAD2 were significantly down-regulated at 48 

hour (figure 16).  Since NFAT5 (nuclear factor of activated T cells), a well-known 

osmo-protective transcription factor, has been reported to control several pro-

inflammatory cytokines such as IL-6, IL-1β and TNF-α expression in the isotonic 

condition (29).  We hypothesized that miR-10a might indirectly regulate pro-

inflammatory cytokines expression.  The proinflammatory cytokine expression were 

determined in the same system.  It showed that the miR-10a knock down for 30-hour 

promoted the TNF-α expression significantly.  On the other hand, it did not up-regulate 

IL-6 and IL-1β expression (figure 16).  Since IL-6 was marked as stimulation marker 

in the early experiment, it was unexpected that miR-10a could not up-regulate IL-6 

expression.  This might be because anti-dsDNA IgG antibodies might affect other 

miRNA which is responsible to control IL-6 expression, but it was not miR-10a.  

However, it is found that miR-10a mimic transfection resulted in the down-regulation 

of IL-6 expression at 48 hours.   

From the discrepancy results between miRNA inhibitor transfection and mimic 

transfection, this can be suggested that the miRNA over-expression showed enhanced 

effects more than the miRNA knock down.  Interestingly, previous experiments showed 

that miR-10a knock out mice did not result in any abnormality (97).  However, the 

administration of carcinogen could stimulate the cancer development in female miR-

10a knock-out mice which involved in WNT-signalling pathways.  In addition, the 

inhibition of miR-10a might resulted in up-regulation of other miRNA which involved 

in the same pathways while miR-10a over expression might be more efficient way to 

directly determine the effects of miR-10a in our system.  However, from our results, it 

therefore concluded that miR-10a might directly control NFAT5 which associated with 

TNF-α expression.  The up-regulation of NFAT5 might be important in HMCs 
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proliferation in miR-10a knock down HMCs.  The CREB1, PIK3CA, MAP4K4 and 

SMAD2 might need more concise experiment to identify as miR-10a target genes.       

 

Table 13 The list of upregulated transcripts in anti-dsDNA IgG antibodies 

stimulation which contain miR-10a binding site at their 3’ untranslated regions 

predicted by ingenuity pathway analysis (IPA) with high confidence 

 

 

  ID RefSeq_mRNA Gene Name 

AAK1 NM_014911 AP2 associated kinase 1 

ABCC3 NM_001144070 ATP-binding cassette, sub-family C (CFTR/MRP), 

member 3 

BCL6 NM_001706 B-cell CLL/lymphoma 6 

DPF2 NM_006268 D4, zinc and double PHD fingers family 2 

E2F3 NM_001949 E2F transcription factor 3 

EFHC1 NM_018100 EF-hand domain (C-terminal) containing 1 

EPHA10 NM_173641 EPH receptor A10 

EPHA2 NM_004431 EPH receptor A2 

EDEM1 NM_014674 ER degradation enhancer, mannosidase alpha-like 1 

FBXO22 NM_147188 FBXO22 opposite strand (non-protein coding); F-box 

protein 22 

INO80D NM_017759 INO80 complex subunit D 

LYSMD3 NM_198273 LysM, putative peptidoglycan-binding, domain 

containing 3 

NEK6 NM_001145001 NIMA (never in mitosis gene a)-related kinase 6 

RB1CC1 NM_014781 RB1-inducible coiled-coil 1 

RBMS3 NM_001003793 RNA binding motif, single stranded interacting protein 

SIX4 NM_017420 SIX homeobox 4 

SMAD2 NM_005901 SMAD family member 2 

SMURF1 NM_181349 SMAD specific E3 ubiquitin protein ligase 1 

STARD13 NM_178006 StAR-related lipid transfer (START) domain 

containing 13 

TIAM1 NM_003253 T-cell lymphoma invasion and metastasis 1 

WNK3 NM_001002838 WNK lysine deficient protein kinase 3 

ANK3 NM_020987 ankyrin 3, node of Ranvier (ankyrin G) 

ANKFY1 NM_016376 ankyrin repeat and FYVE domain containing 1 

ANXA7 NM_001156 annexin A7 

ARRDC3 NM_020801 arrestin domain containing 3 

BCR NM_004327 breakpoint cluster region 

BAZ2B NM_013450 bromodomain adjacent to zinc finger domain, 2B 

CREB1 NM_004379 cAMP responsive element binding protein 1 
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  ID RefSeq_mRNA Gene Name 

CREBL2 NM_001310 cAMP responsive element binding protein-like 2 

CAMK2G NM_001222 calcium/calmodulin-dependent protein kinase II 

gamma 

CASK NM_003688 calcium/calmodulin-dependent serine protein kinase 

(MAGUK family) 

CEP350 NM_014810 centrosomal protein 350kDa 

DOCK11 NM_144658 dedicator of cytokinesis 11 

DVL3 NM_004423 dishevelled, dsh homolog 3 (Drosophila) 

FLRT2 NM_013231 fibronectin leucine rich transmembrane protein 2 

FXR2 NM_004860 fragile X mental retardation, autosomal homolog 2 

GLS NM_014905 Glutaminase 

IGDCC4 NM_020962 immunoglobulin superfamily, DCC subclass, member 

4 

IPO8 NM_006390 importin 8 

ITPKC NM_025194 inositol 1,4,5-trisphosphate 3-kinase C 

IFFO2 NM_001136265 intermediate filament family orphan 2 

JARID2 NM_004973 jumonji, AT rich interactive domain 2 

L3MBTL3 NM_001007102 l(3)mbt-like 3 (Drosophila) 

LPHN1 NM_014921 latrophilin 1 

LRRFIP1 NM_001137550 leucine rich repeat (in FLII) interacting protein 1 

LCOR NM_001170765 ligand dependent nuclear receptor corepressor 

MED1 NM_004774 mediator complex subunit 1 

MTF2 NM_007358 metal response element binding transcription factor 2 

MAPKBP1 NM_014994 mitogen-activated protein kinase binding protein 1 

MAP4K4 NM_145687 mitogen-activated protein kinase kinase kinase kinase 

4 

MTMR3 NM_021090 myotubularin related protein 3 

NONO NM_007363 non-POU domain containing, octamer-binding 

NFIX NM_002501 nuclear factor I/X (CCAAT-binding transcription 

factor) 

NFAT5 NM_006599 nuclear factor of activated T-cells 5, tonicity-

responsive 

NCOR2 NM_006312 nuclear receptor co-repressor 2 

NCOA6 NM_001318240 nuclear receptor coactivator 6 

NR2C2 NM_001291694 nuclear receptor subfamily 2, group C, member 2 

NUP50 NM_007172 nucleoporin 50kDa 

NACC1 NM_052876 nucleus accumbens associated 1, BEN and BTB (POZ) 

domain containing 

PISD NM_178022 phosphatidylserine decarboxylase 

PDE4A NM_001243121 phosphodiesterase 4A, cAMP-specific 

(phosphodiesterase E2 dunce homolog, Drosophila) 

PIK3CA NM_006218 phosphoinositide-3-kinase, catalytic, alpha polypeptide 

PCBD2 NM_032151 pterin-4 alpha-carbinolamine dehydratase/dimerization 

cofactor of hepatocyte nuclear factor 1 alpha (TCF1) 2 

PURB NM_033224 purine-rich element binding protein B 

RPRD1A NM_001303412 regulation of nuclear pre-mRNA domain containing 

1A 
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  ID RefSeq_mRNA Gene Name 

RTN4R NM_023004 reticulon 4 receptor 

SCARB2 NM_005506 scavenger receptor class B, member 2 

SERPINE1 NM_000602 serpin peptidase inhibitor, clade E (nexin, plasminogen 

activator inhibitor type 1), member 1 

SLC41A2 NM_032148 solute carrier family 41, member 2 

SNX29 NM_032167 sorting nexin 29 

SNX4 NM_003794 sorting nexin 4 

SPAG9 NM_001130528 sperm associated antigen 9 

STRN NM_003162 striatin, calmodulin binding protein 

SDC1 NM_002997 syndecan 1 

TMEM132B NM_052907 transmembrane protein 132B; hypothetical 

LOC121296 

TMEM183A NM_138391 transmembrane protein 183A 

TMEM183B NM_052907 transmembrane protein 183B 

UBE2I NM_194260 ubiquitin-conjugating enzyme E2I (UBC9 homolog, 

yeast) 

WAPAL NM_015045 wings apart-like homolog (Drosophila) 

ZNF608 NM_020747 zinc finger protein 608 
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Figure 15 Transfection efficiency of miR-10a inhibitor and miR-10a mimic 

transfection and proliferation assay using MTS 

A. Transfection efficiency after miR-10a inhibitor and miR-10a mimic transfection for 

24, 48 and 72 hours.  B.  Standard curve to determine cell density depending on the 

absorbance of by-product from MTS for 4 hours (OD 490).  C. The cell proliferation 

assay was determined as time dependent manner 0, 24, 48 and 72 hours after 

transfection.  One-way ANOVA were applied to compare the absorbance at different 

time-point.  The (*) or (**) denote significantly different from non-specific IgG 

controls (p-value < 0.05) or (p < 0.001), respectively.  
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Figure 16 The qPCR results of known validated and predicted miR-10a target 

genes with related pro-inflammatory cytokine genes from 24 to 48 hour after 

miR-10a inhibitor and miR-10a mimic transfection 

The HMC (2x105) were culture in serum and antibiotics deficiency medium overnight.  

The miR-10a inhibitor and miR-10a mimic were transfected into HMC using 
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Lipofectamine RNAiMAX with recommended protocol.  The cells were initially 

collected at 24, 27, 30, 36 and 48 hours after transfection.  The fold change was 

compared in the group within the same time point.  Data shown is the mean ± S.E.M of 

a minimum of 3 biological replicates.  The (*), (**), (***) denotes significantly 

different from scramble controls (p-value < 0.05), (p-value < 0.01) and (p-value < 

0.001), respectively. 

 

Table 14 Predicted target genes and its related function from literature reviews 

 

 
Gene Symbols  Full name Function References 

CREB1 Cyclic AMP-

responsive element- 

binding protein 1 

Up-regulation of this gene were 

characterized as an oncogenic 

transcription factor in renal cell 

carcinoma 

(98) 

NFAT5 nuclear factor of 

activated T-cells 5 

Up-regulation of this gene in 

peritoneal dialysis patients is 

associated with NF-κB induction, 

potentially resulting in the 

recruitment of macrophages 

(99) 

PIK3CA phosphatidylinosito

l-4,5-bisphosphate 

3-kinase catalytic 

subunit alpha 

Up-regulation of this gene could 

induce cell proliferation and 

considered as oncogenic genes in 

several cancers 

(100) 

MAP4K4 mitogen-activated 

protein kinase 

kinase kinase 

kinase 4 

Up-regulation of this gene was 

associated with tumor cell 

survival 

 

(101) 

SMAD2 SMAD family 

member 2 

Up-regulation of this gene 

enhanced TRAIL-induced 

apoptosis in activated hepatic 

stellate cells, which facilitate the 

resolution of hepatitis fibrosis 

(102) 
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Transcriptomics profiling of miR-10a knock down showed that interleukin-8 

were direct target of miR-10a 

As it is interesting to examine how miR-10a knock down would affects transcriptomics 

profiling in HMCs, the total RNA extracted from HMCs were applied for microarray.  

The differential gene expression analysis revealed 1264 genes altered after miR-10a 

inhibitor transfection (raw p-value < 0.05), it should be noted that the p-value correction 

could not yield any significantly alter gene expression.  This suggested that transiently 

miR-10a knock down might have little effects on gene expression.  However, among 

1264 genes, it was showed that interleukin-8 (IL-8) and matrix metalloproteinase 

protein 10 (MMP-10) were up-regulated more than 1.5-fold (figure 17A).  Using 

bioinformatics prediction, analysis showed that 3’UTR of IL-8 also contained miR-10a 

conserved seed regions (mfe = -23.1, mirSVR score = -0.1843, PhastCons score = 

0.6004, figure 17B).  Although there was no conserved complementary region found in 

MMP10 3’UTR, the low confidences binding region of miR-10a could be detected in 

MMP10 3’UTR.  Next, the IL8 and MMP10 were chosen for further validation using 

Real-Time PCR.  The results confirmed that only IL8 were up-regulated significantly 

in miR-10a KD HMC, while MMP10 were slightly up-regulated but not statistically 

significant.  In contrast, miR-10a over-expression led to significantly down-regulated 

of IL8 after 48 hours (figure 17C).  In consistent, the results showed that miR-10a mimic 

transfection downregulated hIL-8 secretion significantly at 48 and 72 hours, by the way, 

miR-10a inhibitor transfection was not affected hIL-8 production in HMCs.  It is 

because the less efficiency of siRNA which was responsible for miR-10a inhibition.  

Confirmation experiments with potential miR-10a inhibitor should be validate for 

further conclusion.  However, according to the miR-10a mimic transfection results, this 

confirmed that miR-10a might be important in generating hIL-8 in HMCs (figure 18).  

 

As previous showed that NFAT5 and IL8 were up-regulated in miR-10a knock 

down and down-regulated in miR-10a overexpression, we hypothesized that NFAT5 

and IL8 might be a direct target of miR-10a.  Reporter assay were conducted by using 

pmiR-Glo plasmid that inserted a sequence of 3’UTR of IL-8 or 3’UTR of NFAT5.  

These regions were predicted to contain miR-10a conserved seed region.  The plasmids 
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were co-transfected with miR-10a mimic, miR-10a inhibitor and scramble controls 

compared to the pmiR-Glo plain plasmid.  It was found that luciferase activity was 

inhibit in plasmid containing IL-8 3’UTR co-transfected with miR-10a mimic (figure 

17D).  In concurrent, miR-10a inhibitor co-transfected with IL-8 3’UTR increased 

luciferase activity when compared to plain plasmid.  This suggested that IL-8 was a 

direct target of miR-10a.  On the other hand, the luciferase assay for NFAT5 did not 

show any activity reduction after miR-10a mimic transfection or supplementary activity 

in miR-10a inhibitor transfection (figure 17D).  This suggested that NFAT5 might not 

be miR-10a direct target genes.  Even though luciferase assay could not be able to 

confirm that NFAT5 is a miR-10a target genes, previous evidences were proved that 

miR-10a might have an indirect effect on NFAT5 expression.  This might need further 

experiment to confirm using other techniques.  In summary, from this result, we firstly 

identified IL-8 as a novel target for miR-10a which might implicate in LN pathogenesis 

during anti-dsDNA IgG antibodies induced kidney injury. 
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Figure 17 Transcriptomics profiling of miR-10a knock-down HMC and 

luciferase assay showed interleukin-8 as its direct target. 

A. Volcano plot represents fold change expression and p-value using un-pair student’s 

t-test.  B. Bioinformatics prediction of 3’UTR binding site in IL-8 and NFAT5 and 

miR-10a with predictive energy of binding and probability for actual binding. C. The 

graph shows IL-8 and MMP10 expression in different time-point after miR-10a 

inhibitor and miR-10a mimic transfection.  D. The graph shows luciferase activity in 

miR-10a mimic co-transfection with plasmid containing IL-8 3’UTR, NFAT5 3’UTR 

and negative controls.  Data shown are mean ± S.E.M of minimum three replicated 

experiment.  The (*), (**), (***) indicate significantly difference p-value < 0.05, p-

value < 0.01 and p-value < 0.001 from scramble group.      
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Figure 18 The interleukin-8 secretion in HMCs transfected with miR-10a mimic, 

miR-10a inhibitor and scramble transfection. 

 

The graph represents results from three biological replicates and three independent 

experiments.  (**) denotes the significant different between group using unpair 

student’s t-test, p-value < 0.05.  
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CHAPTER V 

DISCUSSION 

Auto-antibodies induced inflammation with mesangial cells expansion is 

common feature found in LN, especially class I-IV.  Here, we reported functional role 

of auto antibodies mediated mesangial cells microRNA inducing inflammation and cell 

proliferations.  This might help to explain a complex pathogenesis of LN disease.  

Regarding to the fact that anti-dsDNA antibodies were associated with renal 

involvement in SLE patients (5), we used anti-dsDNA antibodies as representative 

autoantibodies mediated molecular reaction in the HMCs.  According to the results, we 

confirmed that anti-dsDNA antibodies enhanced IL6 expression and could directly bind 

to mesangial cells membrane through their F’(ab) region.  The IL6 were highly 

upregulated after anti-dsDNA antibodies incubate with serum, while heat inactivated 

serum reduced IL-6 expression.  Since heat-inactivated serum destroyed heat-labile 

proteins (complements systems), this suggested that complement pathways are essential 

for IL6 induction in HMCs.  The complements system is composed of various soluble 

proteins and is classified in the innate immune responses.  It contained more than 30 

proteins, presented both in the fluid phase and anchored to cell membranes.  To activate 

complements system, there are three main mechanisms including, the classical, 

alternative, and lectin pathways.  In SLE pathogenesis, the complements systems are 

strongly related with tissue damage and inflammation, however, the deficiency in early 

components of complements systems lead to lupus development.  In this study, it is 

supposed that antibody recognition on HMC membrane antigens induced classical 

complement induction leading to complement fixation.  Previous reports demonstrated 

that a capability of anti-dsDNA IgG antibody to fix complement could determine the 

nephritogenic activity of antibody (103).  This could help to explain that some patients 

who bear anti-dsDNA antibody in their circulation did not develop lupus nephritis.    

Besides IL-6 production, our transcriptome showed that anti-dsDNA IgG 

antibodies stimulation up-regulated number of genes in cell cycles, WNT-signalling, 

JAK-STAT signalling, mTOR signalling, p53 signalling and SLE-related genes (IL8, 

IL1).   Functional annotation clustering showed that most of elevated genes are involved 

in cells cycle.  Thus, this suggested that anti-dsDNA IgG antibody induction directly 
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affects cells cycle in HMCs in the early response which might be a consequence from 

p53 signalling, mTOR and WNT-signalling pathway.  In addition, interferon type I 

signalling which is a well-known pathway found to be up-regulated in SLE patients are 

upregulated during anti-dsDNA IgG treatment.  Accordingly, antibody mediated 

resident kidney cells could partially amplify inflammatory cascase within kidney.  It 

also confirmed that our in vitro model can at least be used to explain the LN 

pathogenesis in term of auto antibody induction.   

For miRNA profiling, we identified number of dysregulated miRNAs in anti-

dsDNA IgG antibody induction. These are including miR-181a, miR-125b*, miR-127, 

miR-411 and miR-10a.  However, in the validation step, miR-181a, miR-411, miR-

125b* were not significantly altered upon antibody stimulation while miR-127 had 

increased trend without statistical significant.  The miR-146a and miR-411 expression 

were down-regulated in both IgG and anti-dsDNA IgG Abs stimulation.  This might be 

a non-specific reaction of the cell to stimuli, possibly through Fcγ receptor.  The miR-

146a was selected as it was previously well characterized in various organ or cells and 

it was involved in type I IFN signalling pathway.  The downregulation of miR-146a 

was found commonly in SLE patients.  Although previous experiment demonstrated 

that miR-146a was upregulated in glomerular and urine of SLE patients, it was due to 

the accumulation of lymphocytes within the kidney (104).  The miR-146a were 

associated with several autoimmune disease especially SLE (24).  Specific miR-146a 

knockout mice resulted in autoimmune development with anti-dsDNA antibody 

production (37).  Based on our result, we could hypothesize that non-specific antibody 

stimulation to HMC could result in downregulation of miR-146a and it might partly 

result in the stimulation of interferon secretion.  Similarly, the miR-411 were 

downregulated in anti-dsDNA IgG antibody stimulation.  The miR-411 was reported to 

control cell proliferation (93, 105).  cell proliferation in HMC.  Nevertheless, the 

validation experiments are needed to elucidate the mechanism of HMC responded to 

these nonspecific IgG.  

Several disturb miRNAs were identified in LN kidney biopsy, urine and serum 

samples (75, 88, 106).  In LN kidney biopsy, the study revealed that miR-26 and miR-

30 regulated gene in the type I IFN signalling pathways (25).  Study of aberrant miRNA 

in lupus-prone mice during active stages demonstrated that the let-7a up-regulation in 
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mesangial cells mediated IL-6 up-regulation (26).  While combined IFN-γ and TNF-α 

stimulation on HMCs induces miR-155 expression through TAB2 and NF-κB.  For 

miRNAs related to fibrosis, study identified miR-150 could promote renal fibrosis by 

increasing profibrotic molecules through downregulation of SOCS1.  The miR-192 was 

increased in fibrotic kidney and found to regulate ZEB1 and ZEB2 which enhance 

expression in TGF-β expression (107).  For miRNAs related to cell proliferation, 

previous reports showed that the miR17-92 are involved in enlarge kidney glomeruli, 

mesangial cells expansion and hyper cellularity and proteinuria (108).  The miR-21 was 

found to regulate mesangial cells proliferation (109).  Comparing between previous 

reports and our miRNA screening results, only a few of miRNA showed similar pattern 

of miRNA expression. This might be due to the limitation of using only 1 pool sample 

per group.  Moreover, the expression on miRNA in patient’s samples were demonstrate 

a various type of cell miRNA disturbance, while our model is specific miRNA 

expression in HMCs which stimulated with auto antibody.  Although most of the 

miRNA are not change resembling previous result, some of them showed similar trend 

of expression.  These were including miR-145, miR-30a, miR-20a/b, miR-221, miR-

302d, miR-200c.  These miRNAs were reported as a biomarker for LN to recognize 

kidney injuries, cell proliferation and apoptosis pathways (110).  For example, the miR-

200c were found significantly down-regulated in urine and its expression was correlated 

with glomerular filtration rate in SLE patients.  We notice that the miRNA expression 

are highly specific, as different classes of LN revealed different pattern of miRNA 

expression (72).  Furthermore, previous reports observed a different pattern of miRNA 

expression after repeat biopsy in LN patients (77).  Since a variety of miRNA 

expression occur in clinical samples, it might be useful to investigate miRNA 

expression in specific with specific stimuli.  This might help to explain the role of 

miRNA in the cells.        

Regarding to our results, the miR-10a was specifically down-regulated in 

HMCs stimulated with anti-dsDNA IgG Ab.  The miR-10 family was co-evolution with 

the Hox clusters which is a conserved transcription factors correcting anterior-posterior 

patterning of bilaterian animals (111).  In human, the miR-10 family consists of miR-

10a and miR-10b, which are encoded upstream of HOXB4 and HOXD4 respectively.  

They found other miRNA which are encoded in the Hox clusters including miR-99a/b, 
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miR-100 and miR-125 (112).  Because the same sequence at seed region between miR-

10a and miR-10b, they have the overlapping target genes.  Deregulation of miR-10 was 

found in several cancers, and it is important in cell transformation and control cell 

cycles (113-119).  Additionally, study in pig endothelial cells showed upregulation of 

MAP3K7 and βTRC as a direct target for miR-10a (120).  This initially demonstrated 

the impact of miR-10a during inflammatory process.  Down-regulated miR-10a in 

dendritic cells isolated from inflammatory bowel disease mice led to IL-12/IL-23p40 

upregulation, which determined as miR-10a target gene (121).  Although the expression 

of miR-10a was not specific in kidney cells, the expression of miR-10a was 

predominately expressed in kidney from both mouse and human (122).  Down-

regulation of miR-10a was determined as kidney injuries marker in ischemic-

reperfusion mouse model (95, 123).  From our results, we found that miR-10a was 

downregulated in kidney biopsy from excessive mesangial cell proliferation LN 

histology types (class IV).  Their expression was correlated with proteinuria, which is 

the classic biomarker of kidney functional abnormality.  This indicated that miR-10a 

downregulation in HMCs might reflect in proteinuria in LN patients.  In consistent, 

repeated administration of anti-dsDNA IgG antibody in mouse induced proteinuria and 

organ damage (55). On the other hand, treating with IgM anti-dsDNA could eliminate 

the pathologic in the (NZB X NZW) F1 lupus-prone mice.  Lower glomerular immune 

complexes deposition is associated with a reduced inflammatory response and impaired 

organ damage.  The reduced frequency of GN in SLE patients who have IgM anti-

dsDNA antibodies may therefore reflect a disease-modifying effect of this class of 

autoantibodies that has potential therapeutic implications.  The accumulating evidences 

are saying that miR-10a might be important in LN-pathogenesis. 

To characterize miR-10a target, the miR-10a inhibitor and miR-10a mimic were 

transfected into HMCs.  We could confirmed that our transfection systems were 

working properly by amplified previous characterized miR-10a target genes including 

HOXA1 (124), KLF4 (97) and MAP3K7 (120).  These genes were important in cell 

proliferation, differentiation, and pro-inflammatory cytokine production.  Differentially 

expressed of these genes might display a dispensable of miR-10a expression in term of 

cell division and cytokine secretion.  In concurrent, we were trying to identify novel 

miR-10a target genes in HMCs.   Referring to integrative analysis, we sorted potential 
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candidate and verified its expression in our transfection systems.  Unexpectedly, we 

could not detect a huge different between miR-10a inhibitor transfection compared to 

scramble control, whereas miR-10a mimic transfection impact most of target genes 

including CREB1, PIK3CA, MAP4K4, SMAD2 and IL6.  In our opinion, the discrepancy 

results between miR-10a inhibitor and miR-10a mimic transfection were a consequence 

from redundancy of miRNA function.  As the miRNAs could affects several genes at 

the same time, thus, miRNA knockdown might not be able to upregulate several target 

genes.  In contrast, miR-10a overexpression downregulate several gene expression 

since those genes contain miR-10a binding region.    

In miR-10a inhibitor transfection, NFAT5 was the only gene which slightly 

upregulated.  The NFAT5 has been reported to control IL-6, IL-1 beta and TNF-alpha 

expression in isotonic condition (125).  Additionally, IL6 was our stimulation marker 

as we mention above.  We therefore study the pro-inflammatory cytokine production in 

this system.  Surprisingly, the result showed that TNF-α was up-regulated significantly 

in miR-10a knock-down HMCs but had no effect on IL-6 and IL-1β expression (data 

not shown).  Since anti-dsDNA antibodies stimulated HMC resulted in increased IL-6 

expression, however, miR-10a knockdown did not show IL-6 up-regulation.  We 

hypothesized that miR-10a might not be the important regulator for IL-6 expression.  

Other miRNAs might be responsible for directing control IL-6 expression.  Recent 

evidence in rheumatoid arthritis reported that TNF-α and IL-1β stimulation to 

fibroblast-like synoviocytes (FLSs) resulted in miR-10a downregulation through NF-

κB dependent manner inducing YY1 transcription factor (126).   It is also possible that 

miR-10a could be further down-regulated by these pro-inflammatory cytokines; 

however, we did not investigate this point in our study.   

Surprisingly, transient knockdown miR-10a in HMC showed only two genes 

which up-regulated more than 1.5-fold.  These results were similarly with previous 

reports in mouse model (97).  The miR-10a knockout mice did not show any 

abnormality in cell development or increase the expression of HOXB4 which located 

downstream from miR-10a and has been purposed as miR-10a target genes.  

Nevertheless, oncogenic injury induction in miR-10a knockout mice promote intestinal 

tumorigenesis in female adenomatous polyposis coli knock out mice.  In agreement, 

there was no significant enrichment of expression of miR-21 target genes in the miR-
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21 knockout mice, while unilateral ureteral obstruction induced a set of miR-21 target 

genes after 7 days (127).  From these result, we suggested that specific inductions are 

necessary to investigate miRNA target genes.  Nonetheless, human aortic endothelial 

cell lines transfected with miR-10a inhibitor for 48 hours was found several genes 

differentially changed.  This might due to different cell types with different transfection 

method.  In our opinion, since miRNA is transiently expressed under a specific 

condition, it is, therefore, important to investigate miRNA target genes under stimulated 

condition.  There is various technique to confirm miRNA target genes.  For instant, 

protein detection could help to investigate miRNA target as well as AGO-protein 

immunoprecipitation incorporated with small RNA sequencing.      

We identified IL8 as a novel target of miR-10a using transcriptomic profiling of 

transient miR-10a inhibitor transfection.  This is consistent with cDNA microarray 

results in which IL8 was upregulated in anti-dsDNA IgG antibodies stimulation.  This 

draw our attention to IL-8 which was previously characterized in urine from LN patients, 

however, it was not correlated with disease activity (128).  Previously, the miR-10a 

down-regulation showed indirectly control IL-8 expression through MAP3K7 and 

βTCR.  Here, we found that promoted MAP3K7 expression was found in miR-10a 

knockdown mesangial cells.  Regarding to evidences, we therefore concluded that miR-

10a might be a key controller for IL8 expression and production via direct and indirect 

mechanisms.         

The IL-8 polymorphism was associated with severe LN in African American 

(129). However, the report in Asian ethic found that IL8 polymorphism were not 

correlated with LN development.  The contradiction might be because of the samples 

size and disease stages.  However, study of LN kidney biopsy found increase amount 

of IL-8 in LN compared to healthy controls as well as increase of IL-8 in urine from 

LN patients (130).  As IL-8 is known as phagocytic cell recruiting factor, it is possible 

that IL8 might be important during early phase of auto antibodies mediated LN 

development.  Moreover, the IL8 could enhance adhesion molecule expression in 

neighbouring cells such as endothelial cells and glomerular basement membrane (131).  

Accordingly, up-regulation of IL-8 in HMC could attracted phagocytic cells into 

inflammatory site.  Neutrophils, a major component of phagocytic cells in circulation, 

were a sources of renal endogenous nucleosome-induced immune complexes formation 
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(132, 133),  The neutrophil undergoes “NETosis” cell death programming, which 

enhances chromatin accumulation in glomerulus (134, 135).  Obviously, in vivo 

experiment confirmed that neutrophils producing IL-8 autocrine are essential for 

immune complexes deposition inducing inflammation (136).  However, in our 

experimental model was an in vitro system, it is necessary to confirm the results in the 

spontaneous developed LN mice.       

 

 

 

 

Figure 19 Putative mechanism of auto antibody mediated human mesangial cell 

induced inflammation and aberrant miRNA downstream regulation.   

 

In the early phase, auto antibodies (Ab) attach to chromatin structure or membrane 

antigens on human mesangial cell (HMC) membranes inducing complement fixation. 

miR-10a is downregulated and enhances cell proliferation or apoptosis through HOXA1, 

KLF4, CREB1 and PIK3CA. IL8 or CXCL8 are putative direct targets of miR-10a. The 

IL-8 attracts phagocytes into the kidney. HMCs interact with endothelial cells and the 

glomerular basement membrane, and abnormal functions of HMCs might disturb other 
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resident kidney cell functions. The increase in HMC number might increase mesangial 

matrixes resulting in chromatin or apoptotic body accumulation. In summary, these 

processes might drive the progression of lupus nephritis (LN) disease and provide 

insights into LN pathogenesis.   

 

Since HMCs are specific cell found in kidney, the advantage of this study is 

abnormal miRNA expression in HMCs might be able to represent LN disease stage or 

pathology.  This could further determine as biomarker to evaluate the LN prognosis and 

diagnosis.  Besides, the previous studies in HMC were mainly focus in the late phase 

response of inflammation especially in extracellular matrix production and kidney 

fibrosis (77, 127, 137, 138).  Our study is a first report of miRNA profile that control 

acute inflammation responses in HMC stimulated with auto antibody.  In conclusion, 

our experiments confirmed the pathogenic effect of anti-dsDNA IgG antibodies on 

HMCs.  This lead to deregulation of miRNA system, which subsequently interrupt gene 

expression related to abnormal cellular phenotype.  The antibody recognizes HMCs 

membrane antigens and mediated complement fixation.  The miR-10a was found to be 

downregulated in auto anti-dsDNA IgG antibodies stimulation induced IL-8 expression 

that determined as miR-10a novel target genes.  The IL8 increasing shed some light to 

focus on innate immune systems which might important during early auto antibody 

mediate inflammation in autoimmune disease (figure 19). 
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Primary mesangial cell isolation 

We also develop the method to isolate mesangial cells from human kidney.  We used 

nephrectomies kidney from unsatisfied donor (HIV-infected donor, Syphilis-infected 

donor, Chronic kidney disease donor, Kidney injured donor and HLA-incompatible 

donor).  The kidneys were processed using previous described protocol (139).  Briefly, 

juxtamedulla-cortex was minced and passed through the standard filter size 250 µM, 

200 µM, 150 µM and 70 µM to gradually separate debris.  The glomeruli were retained 

on 70 µM filter, and washed with RPMI-1640.   The glomerulus was checked under 

light microscope, then it was digested with collagenase IV enzymes for 15-30 minutes 

at 37o C.  The cells were subsequently isolated into single cells by using 21-guange 

needle.  In the following, the cells were seeded in RPMI-1640 containing 20% FBS, 

100 mM Penicillin-Streptomycin, 1x HEPES and 1xGlutamaMax.  The human 

mesangial cells were characterized by immunohistochemistry using alpha-actinin, 

PDGFR-beta (figure 18). 
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Figure 20 The primary mesangial cells isolation according to standard sieving 

methods 

 

A) shows glomerulus after washing in RPMI-1640 which retained on 70 µM filter 

B) shows human mesangial cells growth after culture for 4 weeks 

C) shows negative control for immunohistochemistry 

D) shows primary human mesangial cells staining with either PDGFR-beta and alpha 

actinin (antibodies dilution 1:50 and 1:100).   
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