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ABSTRACT

Discovery of novel biomarkers in lupus nephritis

Biomarkers are needed for making diagnosis and prognosis. In lupus nephritis, conventional tests like
urinalysis or serum creatinine remain inadequate for patient care. In this proposal, we focused on non-invasive tools
like blood and urine mRNAs or proteins. We chose candidate genes involving regulatory T-cell, B-lymphocyte
signatures or vascular protective factors.

Expression of regulatory cell signature (FOXP3) in peripheral blood mononuclear cells is associated with
activity of lupus nephritis. We found FOXP3 mRNA levels in PBMCs from patients with active lupus nephritis were
significantly lower than inactive lupus nephritis. Expression levels of FOXP3 mRNA were associated with
pathological activity index, cellular crescent and fibrinoid necrosis.

BLyS and APRIL are B-lymphocyte related cytokines that play an important role in generating and
maintaining the mature B-cell pool. In this study, we found blood APRIL correlated with activity of lupus nephritis.
Blood APRIL levels could precisely predict failure of standard treatment treatment. APRIL is a potential biomarker for
predicting treatment failure.

Lastly, we found an expression of VEGF in renal tissue may serve as a molecular marker of renal damage
from LN and may be a predictive factor for short-term loss of kidney function in lupus nepbhritis patients. We

proposed that reduction of intra-renal VEGF level caused by losses of podocyte cells.

Genetic polymorphism of drug toxicity or pharmacokinetics in SLE patients

We began to explore the pharmacokinetics and pharmacogenomics of two important
immunosuppressants, azathioprine and mycophenolate. In this study, we report TPMT polymorphisms and TPMT
enzyme activity were important predictors of AZA-induced myelosuppression. The tests are available for routine
care.

Mycophenolic acid (MPA) is active metabolite of mycophenalate. We found MPA levels is important
predictor of therapeutic response. The therapeutic drug monitoring is now an important issue of patient care. We

found UGT1A9 polymorphism may play a pivotal role in drug metabolisms.

Methylation study
We examined and compared the methylation levels of long terminal repeats (LTRs) and non-LTR
retroelements in normal and SLE CD4+ T lymphocytes, CD8+ T lymphocytes and B lymphocytes. Hypomethylation

of LINE-1 but not Alu was found in CD4+ T lymphocytes, CD8+ T lymphocytes, and B lymphocytes of SLE patient.



Moreover, when the SLE patients were divided into active and inactive groups, LINE-1 hypomethylation was more
significantly distinguished in both CD4+ and CD8+ T lymphocytes of patients from the active SLE group when

compared to the controls.

Genome-wide scanning using SNP microarrays

In this study, we applied case-control association study including pooling genome wide association (GWA)
and candidate gene association studies to search for SNPs associated with SLE susceptibility and/or severity. We
could not identify any SNPs with distinct p-value or odds ratio from our pooling GWA result due to limited power.

We selected IF/X for further study in candidate gene’s part. Besides /F/X, we also focus on MNDA, IFI16
and AIM2 genes which located in the same region and are all IFN-inducible genes. They are important SLE
susceptibility genes due to several reasons including 1) genetic mapping from lupus murine model and 2) an
upregulated IFN-inducible genes in patients with SLE from microarray studies and 3) IFI16 was identified as new
autoantigen for patients with SLE.  We genotyped 10 SNPs from these 4 genes and found that SNP within /F/IX and

IFI16 are independently important.
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FOXP3 Messenger RNA in Peripheral Blood Mononuclear Cells (PBMCs) is
Associated with Activity of Lupus Nephritis
Thongboon A, Avihingsanon Y, Benjachat T, Hirankarn N, Townamchai N, Traitanon O,

Kanjanabuch T, Praditpornsilpa K, Tungsanga K, Eiam-Ong S

ABSTRACT

Background: Regulatory T cells play a central role in pathogenesis of autoimmunity in particular
lupus. The Forkhead/winged Helix Transcription Factor (FOXP3) regulates functions of
regulatory T cells. We evaluated the association between FOXP3 expression and pathologic

activity of lupus nephritis.

Methods: Thirty nine patients with clinically active lupus nephritis underwent renal biopsy. All
patients received standard immunosuppressive treatment. The patients had regular clinic visits
monthly. FOXP3 messenger RNA levels in PBMCs were determined by real-time quantitative

polymerase chain reaction.

Results: FOXP3 mRNA levels in PBMCs from patients with active lupus nephritis were
significantly lower than inactive lupus nephritis (0.42 + 0.46 vs 1.09 + 0.65; p value =0.001).
Expression levels of FOXP3 mRNA were associated with pathological activity index (R=-0.330, p
value =0.04), cellular crescent (R=-0.479, p value = 0.02 ) and fibrinoid necrosis ( R=-0.461, p
value = 0.03 ), but not associated with chronicity index or steroid dosage. FOXP3 mRNA levels

could accurately predict a stable/improved renal function ( MDRD GFR ) after treatment
( positive and negative predictive value of 81.3% and 33%, respectively )

Conclusion: Expression of FOXP3 in peripheral blood mononuclear cells is associated with
activity of lupus nephritis. This method may provide a non-invasive assessment of lupus

nephritis and predict short-term renal outcomes.



INTRODUCTION

Lupus nephritis is a prototypic autoimmune disease characterized by the production of
autoantibodies and the development of immune complex glomerulonephritis.The precise
pathogenesis of lupus nephritis has remained elusive. Regulatory T cells (Tregs) play a central
role in controlling self - tolerance. Recently several groups identified the forkhead family
transcription factor forkhead box protein P3 ( FOXP3) as a specific marker of regulatory T cells
that programs the development and function of these cells. In mice, the lack of foxp3
expressing Tregs is sufficient to break down self - tolerance and induced autoimmune disease,
so we think the loss of self-tolerance is attractive hypothesis to explain the pathogenesis of

lupus nephritis.

Clinical manifestation of lupus nephritis were variable. There were limitation of routine
clinical and laboratory indices eg. clinical activity index, proteinuria, serum creatinine ,
complement levels to assess the activity of disease. Although, renal pathological finding is the
gold standard to diagnostic the severity of lupus nephritis, repeated renal biopsy is not practical
due to its invasiveness and potential unacceptable complications. Therefore, a noninvasive tool
to evaluated activity of lupus nephritis is extremely warranted. We aimed to assay the correlation

of FOXP3 messenger RNA levels and pathological activities of lupus nephritis patients .

MATERIALS AND METHODS

Patients

In total, 39 patients who had been diagnosed with SLE according to the American College of
Rheumatology diagnostic criteria for SLE and all patients had renal involvement. Renal
involvement was documented by having two of the following criteria: a total urinary protein levels

of more than 0.5 g/day, urinary RBC more than 5 cells/HPF, an increment of serum creatinine



levels of more than 0.5 mg/dl from baseline or serum creatinine levels more than 1.3 mg/dl. All

patients underwent renal biopsy.

Collection of blood sample and RNA isolation

Blood samples were collected in EDTA tube from each individual patient at renal biopsy period.

Quantitation of MRNA by quantitative PCR

Total RNA was isolated from PBMCs, quantified and reverse transcribed to complementary

DNA (cDNA). We designed and synthesized oligonucleotide primers and fluorogenic probes

for the measurement of MRNA levels of FOXP3 and 18S ribosomal RNA (rRNA)

PCR analysis was performed by a two-step process, a preamplification step followed by
measurement of mMRNA with Light Cycler machine. Transcript levels were calculated by a
standard curve method then transformed in log-scale and mRNA copy numbers were

normalized with the use of 18S rRNA copy numbers.

Kidney biopsy

The findings of the kidney biopsy were evaluated according to the ISN/RPS 2003 classification
.The pathological activity index is the sum of semiquantitative manual scores (each ranging 0-3)
for the following parameters: endocapillary hypercellularity, leukocyte infiltration, subendothelial
deposits, interstitial inflammation, fibrinoid necrosis or karyorrhexis, cellular crescents. Scores of
the last 2 parameters are counted double, making a total activity index of 0-24. The chronicity
index is the sum of semiquantitative manual scores (each ranging 0-3) for the following
parameters: glomerular sclerosis, fibrous crescents, tubular atrophy, and interstitial fibrosis. The
maximum score of the chronicity index is 12. Evaluation of biopsy specimens was performed by

single pathologist.



Statistical analysis

Statistical analysis was performed using the SPSS software ( version 11.5). The results are
presented as the mean + SD unless specified otherwise. Correlation analysis used Pearson’s
correlation in continuous data, spearman’s rank correlation in ordinal scale. Comparison
analysis used Student’s t- test in normal distribution data, Mann- Whitney U test in non normal

distribution .P values less than 0.05 were considered significant. All probabilities were 2-tailed.

RESULTS

Patient characteristics

We studied blood samples from 39 patients. Their demographic and clinical data are
summarized in Table 1. The subsequent renal diagnosis of these 39 patients were focal
proliferative lupus nephritis in 13 patients, diffuse proliferative lupus nephritis in 20 patients,
pure membranous lupus nephritis in 3 patients and sclerosing lupus nephritis in 3 patients. The
mean + SD pathological activity and chronicity indices as scored on the renal biopsy
specimens were 6.9 + 5.1 and 3.0 + 2.6, respectively. Cellular crescents and fibrinoid necrosis

were presented in 13 patients (33%) and 14 patients ( 36%) , respectively.

FOXP3 mRNA expression in PBMCs and severity of lupus nephritis

There were inverse correlation between FOXP3 mRNA in PBMCs and pathological activity index,
percentage of cellular crescents and percentage of fibrinoid necrosis ( r=-0.330 ; P = 0.04, r=-
0.479; P=0.02, r=-0.461; P=0.03, respectively) ( Figure 1,2 and 3 ) . No correlation between

FOXP3 mRNA and chronicity index.

Subgroup analysis showed that the gene expression of FOXP3 in cellular crescentic group or
fibrinoid necrosis group was significantly lower than that in non -cellular crescentic group or

non fibrinoid necrosis group (0.2 +0.5vs 0.6 +0.5;P=0.04 and 0.2+ 0.5vs 0.6 + 0.4;



P=0.03) ,respectively. There were no significant differences in other conventional indices eg.
SLEDAI clinical activity index, serum creatinine, urine protein, complement levels ( Table 2
and 3 ) and then we found that FOXP3 mRNA levels were significantly different in active patients

and inactive patients (0.42 + 0.46 vs 1.09 + 0.65 ; P=0.001), respectively (Figure 4).

Table 1. Demographic and clinical characteristics of patients

Parameters Number Mean + SD
Gender (F: M) 36:3 -
Age (years) 39 30.92 + 7.29
ISN/RPS classification 2003
-Class Il (A), (A/C) 13 -
-Class IV (A), (A/C) 20 -
-Class Il (C)orIV(C) 3 -
- Pure Class V 3 -
Acivity score 39 6.85 + 5.09
Chronicity score 39 297 + 2.60
SLEDAI - 2K score 34 15.82 + 5.07
SCr (mg/dL) 39 1.15 + 0.89
MDRD GFR (mL/min) 39 86.54 + 43.73
Proteinuria (g/d) 39 4.03 + 2.82
C3 (mg/dl) 36 65.66 + 30.49
C4 (mg/dl) 35 12.54 +6.71
CH50 (U/ml) 36 12.96 + 9.48
Anti dsDNA 35 262.76 +411.29
( positive : negative ) (29:6)
WBC (cells/ul) 39 9,888.46+ 4,982.39
Absolute lymphocyte count 39 1,482.69 + 745.37
(cells/ul)

SLEDAI = SLE Disease Activity Index

ds DNA = double strand DNA

WBC = White Blood Cells



Figure 1 . The correlation between pathological activity index score and FOXP3 mRNA levels (

log scale ) (r=-0.330, P =0.04).

Figure 2. The correlation between percentage of cellular crescents and FOXP3 mRNA levels (

log scale ) (r=-0.479, P=0.02).



Figure 3 . The correlation between percentage of fibrinoid necrosis and FOXP3 mRNA levels (

log scale ) (r=-0.461, P=0.03)

Table 2. Comparison of parameters between patients with cellular crescents and without cellular

crescents

Parameters Crescent +ve (N=13) Crescent —ve (N=26) P value
FOXP3 mRNA 02+0.5 05+05 0.04
SLEDAI-2K 15.4+3.9 16.0£5.7 0.99
Urine protein 49+33 3.5+25 0.06
SCr 1.1+£05 1.2+1.0 0.31
MDRD GFR 78.8 +35.5 90.4 £47.5 0.44
C3 61.1+29.3 68.2 +31.5 0.51
C4 10.5+6.3 13.6 £6.8 0.31
CH50 12.7 £101 13.1+£9.3 0.89
Anti-ds-DNA 323.3+398.9 192.2 + 386.9 0.045
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Table 3. Comparison of parameters between patients with fibrinoid necrosis and without

fibrinoid necrosis

Parameters Fibrinoid +ve( N=14) Fibrinoid —ve ( N=25) P value
FOXP3 mRNA 02+05 06+04 0.03
SLEDAI-2K 148 +3.9 164 +5.7 0.37
Urine protein 49+32 35+25 0.06
SCr 1.0+05 1.2+1.0 0.91
MDRD GFR 87.9+42.7 85.8 £ 45.1 0.89
C3 60.2 +28.9 69.1+£31.6 0.40
C4 94 +55 144+ 6.7 0.05
CH50 11.9+£105 13.6+9.0 0.61
Anti ds-DNA 290.8 £ 391.0 205.4 + 395.6 0.051
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Figure 4. FOXP3 mRNA levels in active patients ( all patients defined active by pathological
criteria ) and inactive patients ( 3 patients defined inactive by pathological criteria and 5

patients defined by clinical remission )
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Prediction of renal function by FOXP3 mRNA expression

The reciever-operator characteristic (ROC) curves, the maximized and combined sensitivity and
specificity was 0.305 (log scale). When we used this cut-off to define high FOXP3 group ( >
0.305 ) and low FOXP3 group (<0.305 ), patients in high FOXP3 group showed a trend to had

more stable or improved renal function at follow up period ( P=0.051) (Figure 5).

Figure 5. Probability of stable or improved renal function by MDRD formula in high FOXP3

mRNA levels ( > 0.305 log scale ) and low FOXP3 mRNA levels ( < 0.305 log scale )

Steroid and FOXP3 mRNA expression

No correlation between FOXP3 mRNA in PBMCs and steroid dosage ( r=-0.04,P=0.81)
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DISCUSSION

Lupus nephritis is characterized by loss of immune tolerance to self-antigens with deposition of
immune complexes in renal tissues. There are controversial data regarding the association of
disease activity and the level of regulatory T cells in patients with lupus nephritis. We found the
inverse correlation between FOXP3 mRNA in PBMCs and severity of lupus nephritis which
defined by pathological findings eg. pathological activity index, cellular crescents and fibrinoid
necrosis. The mRNA levels of FOXP3 was significantly decreased in patients who had more
severe pathological findings, but the other conventional markers such as clinical activity index (
SLEDAI-2K ), urine protein, serum creatinine, complement levels etc. cannot discriminate in
these patients. These results further support the hypothesis that loss of self-tolerance is the
pathogenesis of lupus nephritis by decreasing of regulatory T cells that detected with
downregulation of FOXP3 mRNA which associated the severity of lupus nephritis. We found that
FOXP3 mRNA expression may predict stable or improved renal function, which the baseline
characteristic in both groups no significant difference. We explained these results by regulatory
T cells in high FOXP3 group could control the activity of lupus nephritis, although all patients

received standard immunosuppressive drugs.

The effect of steroids to increase FOXP3 gene expression in asthmatic patients receiving
inhaled glucocorticoids was reported by Karagiannidis et al. We did not found the correlation
between steroid and FOXP3 mRNA levels, the precised conclusion will need further

investigation.

This study showed the association between FOXP3 mRNA and pathological findings which are

the gold standard for evaluated severity of lupus nepbhritis that differ from other studies.

The fact, FOXP3 mRNA expressed as the specific marker of regulatory T cells then we studied
in PBMCs. We know that SLE is systemic disease, the conclusion of FOXP3 mRNA for specific

diagnostic test in lupus nephritis will need further study in other conditions such as active SLE
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without renal involvement and serial change of FOXP3 expression would be required to explore

its role in the monitoring of lupus nephritis patients.

In summary, our study suggests that levels of FOXP3 mRNA in PBMCs by real-time PCR may be

a useful noninvasive biomarker for assessment the activity of lupus nephritis.
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ABSTRACT.

BLyS and APRIL are tumor necrosis factor-family cytokines that play an important role in
generating and maintaining the mature B-cell pool. There were higher blood levels of BLyS and
APRIL mRNAs in SLE patients with higher disease activity, and strong expression of BLyS and
APRIL mRNA was also found in renal tissues of lupus nephritis patients. BLyS blockade has now
been shown to be a new effective therapeutic modality. So, we aim to conduct a longitudinal
study to assess correlation between blood levels of BLyS and APRIL and the severity of lupus
nephritis. Fifty-two lupus nephritis patients that underwent kidney biopsy were evaluated
prospectively for at least 6 months. Renal SLEDAI score, anti-dsDNA, complements, blood BLyS
and APRIL on biopsy day and renal pathological score were assessed. All patients were treated
with the standard therapy. Reevaluation for response to treatment at 6 months was done. APRIL
levels were correlated with activity index of renal pathology (r=0.34;p-value=0.02) and
proteinuria (r=0.44;p-value<0.01) whereas BIlyS level were correlated with all serum
complement levels (r=0.60;p-value<0.01), WBC(r=-0.485;p-value<0.001), dose of steroid usage
(r=-0.54;p-value<0.01). Blood APRIL levels could precisely predict failure of standard treatment
treatment (ROC-AUC 0.69(0.50-0.88): PPV 92%:NPV 35%). In conclusion, Blood APRIL
correlated with activity of lupus nephritis. APRIL is a potential biomarker for predicting treatment

failure.
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INTRODUCTION

Lupus nephritis, the most common complication of systemic lupus erythematosus (SLE),
needs rapidly intensive treatment. The early detection and prompt treatment with standard
regimen can prevent the loss of kidney function. Today, there is no precised biomarker to
evaluate the severity of lupus nephritis and to predict the treatment response. For this purpose,
there are many studies attempting to find out the relationship between some protein levels in
blood and urine and clinical outcome of lupus nephritis eg. MRNA of chemokine/ growth factors
in urine (1), proteomic study by gel electrophoresis or desorption /ionization method (2-3). In
addition, the evidence that abnormal immune tolerance by T cell regulation leading lupus flare,
high blood FOXP3 mRNA have shown to be a good predictor for a stable or improved renal

function after treatment.

B-cell regulation plays a pivotal role in mechanism of SLE with nephritis. Abnormality of
humoral immunity leads to antibody production and formed immune complexes(4-5). Specific
Selective B cell blockade by different approaches have been evaluated for the treatment of the
disease. B lymphocyte stimulator (BLyS), B cell-Activating Factor . BLyS gene expression and
levels of membrane-associated soluble BLyS are regulated by cytokines, in particular interferon-
y and to a lesser extent interleukin-10 (7).The biologically active soluble form of BLyS binds to 3
receptors expressed primarily on B lymphocytes: TACI (TNF transmembrane activator and
calcium modulator and cyclophilin ligand interactor), BCMA (B lymphocyte maturation antigen),
and BR3 (BAFF/BLyS receptor 3) (8-9). Activation of the BLyS receptors leads to B cell and
plasma cell proliferation, differentiation, and survival and 1gG class switching (6,10-11). A
related TNF family member, APRIL (a proliferation-inducing ligand), can also bind TACI and
BCMA. At the same time they can also mediate effects similar to those of BLyS, but their
biological action may be primarily on memory plasma cells. BLyS-APRIL heterotrimers have
also been characterized (12), but their function in vivo is unclear.

In a murine model of lupus, the expression of BLyS and APRIL is up-regulated in B cell
concomittent with the onset of disease(13). Overexpression of BAFF in mice leads to
autoimmunity with SLE-like symptoms. In contrast, mice deficient for APRIL have normal

peripheral B cell populations but increased numbers of effector/memory T cells. Mice
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overexpressing APRIL have an increased frequency of B cells and an increased level of serum
IgM(12). Selective blockade of BLyS alone resulted in B cell depletion and splenic collapse and
was sufficient to prevent and treat lupus nephritis in mice (14).

High levels of both blood BLyS and APRIL have been observed in patients with SLE.
Blood APRIL levels in SLE patients were higher than in rheumatoid group of patients and normal
healthy controls. Moreover, blood APRIL levels correlated significantly with musculoskeletal
manifestations among patients with SLE (15-16). Furthermore, strong expression of BLyS and
APRIL was found in plasma cells from the lymph node, bone marrow, and kidney. The levels of
BLyS and APRIL mRNA in CD19+ B cells also correlated both with the titer of anti-double
stranded DNA antibodies and with the SLE Disease Activity Index(17). Moreover, In
neuropsychiatric lupus patients, the levels of APRIL in CSF that were 24-fold higher than those
of healthy controls(18). There’s also strong expression of APRIL and BLyS mRNA in renal tissue
of patients with proliferative lupus nephritis(19). Nowadays, Belimumab, a fully human anti-BLyS
monoclonal antibody, was approved by FDA in indication of add-on standard therapy for non-
nephritis lupus(20). However, the relationship between circulating BLyS and APRIL levels and
lupus nephritis activity has not been adequately clarified. So we designed the 6-month
prospective study to assess the correlation between blood BLyS and APRIL concentrations and

disease activity, pathological score, lab investigation and treatments received for SLE.

METHODS

Research design
A longitudinal study was conducted from March 2005 through June 2010 (complete the

study) at Department of Medicine, King Chulalongkorn memorial Hospital (KCMH).

Study population
52 patients in the study, recruited from KCMH, must fulfill the 1997 American College

Rheumatology revisited criteria for the classification of SLE and the patients are 18 years of age
or older. They also have undergone kidney biopsy with adequate number of glomeruli (more

than 10) for evaluate severity of lupus nephritis. All of them were treated with the standard
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regimen and were monitored continuously. The SLE patients who have no renal involvement or

pregnant are excluded.

Data collection

Participation in the study consisted of several parts: a clinical assessment with SLEDAI,
laboratory determinations, histological parameters and blood levels of BLyS and APRIL on the

kidney biopsy day or no more than 2 weeks apart and on the next 6-month day of follow up.

ELISA for measurement of BLyS

The collected plasma samples were assayed for BLyS by an antigen-capture enzyme
linked immunosorbent assay (ELISA). ELISA plates (Quntikine by R&D Systems, Inc.) were
coated with mouse antihuman BLyS polyclonal antibody. Standards and samples were pipetted
into the wells and any BLyS present were bound by the immobilized antibody. After washing
away any unbound substances, polyclonal antibodies against BLyS conjugated to horseradish
peroxidase were added to the wells. Following a wash to remove any unbound antibody-
enzyme reagent, a substrate (tetramethylbenzidine) was added to the wells and color develops
in proportion to the amount of BLyS bound in the initial step. After incubation at room
temperature and protection from light, the color was changed from blue to yellow. The color
development was stopped with sulfuric acid and the intensity of the color is reading at the

wavelength of 540 nm or 570 nm.

ELISA for measurement of APRIL
The collected plasma samples were assayed for APRIL by ELISA method, with similar
construction as BLyS measurements. The kit reagents were produced by Bender MedSystems

GmbH.
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Renal histology

Paraffin sections were stained with hematoxylin and eosin, periodic acid-Schiff,
trichrome, and silver for light microscopy. The specimens were scored for activity and chronicity
indices as described by Austin criteria (24). The maximum scores of the activity index and
chronicity index were 24 and 12, respectively.The activity index was the sum of semiquantitative
scores of the following parameters: endocapillary proliferation, fibrinoid necrosis, cellular
crescents, leukocyte infiltration, hyaline thrombi, and interstitial infiltration. The chronicity index
was the sum of semiquantitative scores of the following parameters: glomerular sclerosis,
fibrous crescents, interstitial fibrosis, and tubular atrophy. A percentage of each parameter was

calculated by the equations:

Percentage of each pathology = Number of involved glomeruli x100%

Total number of obtained glomeruli
All biopsies were examined by one pathologist (VK) who was not aware of the results of
the molecular studies. The samples were classified according to the histological types of LN

using the ISN/RPS classification (25).

Renal SLEDAI
Renal SLE disease activity index at the time SLE patients visit are measured by the
using MEX-SLEDAI scoring system (26).
As for MEX-SLEDAI scoring system, renal disease activity was scored on a 0-16 point
scale according to the MEX-SLEDAI index. A higher score implies greater disease activity.
e Urinary casts (heme-granular or red blood cell casts)
e Hematauria (>5 red blood cells/high power field. Exclude stone, infection, or other
cause)
e Proteinuria (>0.5 gram/ 24 hours)
e Pyuria (>5 white blood cells/high power field. Exclude infection)

Weight 4 score for each item

19



Endpoints

The primary endpoint was the correlation between blood BLyS level and the severity of
lupus nephritis (disease activity, pathological score, lab investigation and treatments received
for SLE). Secondary endpoint included the correlation between Blood BLyS level and blood
APRIL, long term renal outcome and treatment response at the sixth month. Renal SLEDAI

scored O for consecutive 3 months after 6-month treatment means complete remission.

Data analysis

Statistical analysis was performed using the SPSS software (version 16, SPSS Inc,
Chicago, IL) Continuous variables were summarized as mean = SE or median where
appropriate and categorical variables used as frequency and percentage. Significant
differences were calculated using Mann-Whitney tests for continuous variables. Correlation
coefficients were calculated by Spearman’s test. Failure to complete remission was determined
by renal SLEDAI score > 0 at 6 months after standard treatment.

The box plot graph was done by GraphPad Prism (version 4.03).The ROC curve of
APRIL levels was plotted using SPSS software. Differences of p-Value < 0.05 are considered

statistically significance.

RESULTS

Patient characteristics

All patients (n=52) were active lupus nephritis defined by clinical and histological criteria
(table 1). They were biopsy-proven class Ill or IV by the ISN/RPS classification. Mean ages
were 32.9 years. The studied patients were predominantly female (96%).The mean disease
duration before kidney biopsy was 5.9 years. Median Renal SLEDAI score in the active group
were 12. Median daily prednisolone dosage was 22.5 mg. The immunosuppressive drugs were

either oral mycophenolate or pulse intravenous cyclophosphamide (11.5% for both).
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Most of them had nephrotic range proteinuria with normal serum creatinine. The serum
complements (C3, C4 and CH50) were low while the ANA and anti-dsDNA titers were high.

Mean activity score and chronicity score in the study group were 7.83 + 0.7 and 3.01 + 0.37.

Serum levels of BLyS are associated with SLE disease activity

Serum levels of BlyS were increased as compared with inactive disease or healthy
control (1.32 + 0.15 vs. ng/ml) (Table 2).

BlyS levels were correlated well with serum complement level (Rs = 0.6; p-value < 0.01),
total white cell count (Rs = -0.485; p-value < 0.001) and low dose steroid usage (Rs = 0.543; p-
value < 0.001) (Table 3). However, there were no association between serum levels of BLys

and any parameters of nephritis.

Serum levels of APRIL are associated with renal histology

Serum levels of APRIL were increased as compared to inactive disease or healthy
control (4.10 = 0.30 vs ng/ml) (Table 2 and Table 3). APRIL levels were correlated with urine
protein (Rs = 0.438, p-Value = 0.002) and renal pathology (Rs = 0.335; p-value = 0.017) as
shown in figure 1. Patients with high serum levels of APRIL (=3.6 ng /ml) have more severe

pathologic features as compared with patients with low serum APRIL.
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Table 1: patient characteristics at the time of kidney biopsy.

(n=52)

Age, years

Mean + SE 32.90 £ 1.29

Range, years 26-39
Sex, no.

Female 50 (96)
Duration of SLE, years

Mean £ SE 5.90 £ 0.62
Renal-SLEDAI scoret

Median 12

Range 8-12
Prednisone use, no.(%) 47 (90)

Median dosage, mg/day 22.5

Dosage range, mg/day 7.5-50
Immunosuppressive drug use

intravenous methylprednisolone 3

intravenous cyclophosphamide 6

cyclophosphamide 0

Mycophenolate mofetil 6

Azathioprine 1

Hydroxychloroquine 2
Extrarenal manifestation, no.(%) 12 (23)

T Renal-SLEDAI (Systemic Lupus Erythematosus Disease Activity Score) use 4 end points as

follows, UPCI or 24-hour urine protein = 0.5 g/day, urinary RBCs = 5/hpf, urinary WBCs =5

/hpf and urinary cellular casts = 1/nhpf., and 4 points for each score (hpf = high-power field)

T Significance of the difference among active and remission group, by Mann-Whitney U test.
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Table 2 Serum levels of BLyS and APRIL

Active LN*
BLyS, ng/ml® 1.32+0.15
APRIL, ng/ml® 410 +0.30
Serum creatinine, mg/dl 1.06 £ 0.08
Proteinuria, g/day 3.59 + 0.31
Urinary erythrocyte count, per high power field 50.84 £ 11.96
Immunological parameters”
C3 (n=29) 53.98 + 5.32
C4 (n=22) 10.21 £ 1.40
CH50 (n=25) 13.50 £ 2.94

ANA, titer (by IF) (n=30)

Anti-dsDNA, titer (by IF) (n=23)
Histological parameters

Activity score

Chronicity score

1,731.20 £ 606.29
355.26 +£ 92.44

7.83+0.70
3.01+0.37

° Data are expressed as mean+SE.

* Include only lupus nephritis class I or IV by ISN/RPS 2003 criteria

Table 3: Correlations of blood BLyS and APRIL levels with lupus activity parameters,

pathological score and prior treatment classify in renal and systemic involvement.

BLyS APRIL
Spearman p-value Spearman p-value
r r

R_SLEDAI -0.167 0.262 R_SLEDAI 0.219 0.148
SCr 0.065 0.649 SCr 0.063 0.666
Urbc -0.131 0.360 Urbc 0.062 0.674
Uprotein -0.051 0.728 Uprotein 0.439 0.002*
A -0.111 0.432 A 0.335 0.017*
C 0.249 0.075 C 0.208 0.147
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BLyS APRIL
Spearman p-value Spearman p-value
r r
ANA - 0.201 0.286 ANA 0.020 0.917
Anti-dsDNA -0.362 0.002* Anti-dsDNA -0.014 0.950
C3 0.560 0.002* C3 -0.340 0.071
C4 0.621 0.003* C4 -0.323 0.143
CH50 0.568 <0.001* CH50 -0.070 0.741
WBC -0.485 <0.001* WBC 0.266 0.062
PMN - 0.402 0.002* PMN 0.180 0.212
Lymphocyte -0.417 <0.001* Lymphocyte -0.138 0.338
Prednisolone 0.543 Prednisolone 0.077 0.595
(dose) 0.007* (dose)
Mycophenolate 0.369 Mycophenolate -0.091 0.528
(dose) 0.0051 (dose)
ACEI (dose) 0.272 0.005* ACEI (dose) 0.004 0.980
BLyS at 6 mo. 0.580 APRIL at 6 mo 0.573 0.001*
207 . 107
. . % — y

% 151 . ) 8

o . 2

£ . y c 6] . . .

2107 - g ‘. . e

= 5 : .

- 2 -

R -E 2, ..i". R . . )

-] . o
07 07 *
0 2 4 6 10 12 0 2 6 8 10 12

Blood APRIL (ng/ml)

Blood APRIL (ng/ml)

Figure 1: The correlation between blood APRIL levels with activity indices (r=0.34;p-value=0.02)

and 24-hour urine protein (r=0.44;p-value<0.01).

24



Serum levels of APRIL predicted failure to immunosuppressive treatment

All patients with biopsy-proven class Ill / IV LN were treated with immunosuppressive
drugs for six months after kidney biopsy. Twenty percent (9 of 45) achieved complete response
to treatment within 6 months. We performed ROC analysis to determine the best cut-off that had
the maximal sensitivity and specificity based on response to treatment (Figure 2). The blood
cut-off level of 3.6 ng /ml could predict failure to treatment at 6 month with sensitivity of 64% and
specificity of 78%, respectively (Figure 3). The patients with high levels of APRIL had a trend to
failure to treatment ( vs. % P=0.05).

After combined cut-off level of urine protein >2.5 g/day and blood APRIL >3.6 ng/ml, the

sensitivity was % and specificity was 95.7% (figure 2, 3).
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Figure 2: ROC curve of blood APRIL levels in predicting failure to treatment. Cut-off point 3.6
ng/ml (sensitivity 64.0%; specificity 78.0%). Area under the ROC curve: 0.691 (95% ClI: 0.499 -
0.884; p =0.079).
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Figure 3: Blood APRIL in predicting failure to treatment by cut-off point 3.6 ng/ml

Serum levels of BLys and APRIL responded to immunosuppressive treatment

Serum levels of APRIL, but not BLys, were reduced at 6 months after
immunosuppressive treatment. Serum levels of BLyS were not different between responder and
nonresponder groups. The levels were not changed after 6-month of treatment (Table 4 and
Figure 4).

Blood APRIL in the CR group were lower than non CR group in both time points and the
levels at 6 month follow-up were significantly lower than those measured before treatment in
both CR and non CR group (p = 0.012 and p <0.001 in figure 4). So all of these results confirm

that high level of blood APRIL was associated with active lupus nephritis
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Figure 4: Blood APRIL levels among CR and non CR groups at baseline and on the next day

180 of follow-up.
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Table 4: Baseline biological and histological variables at the time of biopsy and on the next 6-month of follow up between CR and non CR groups

Day 0 Day 180
CR Non CR p-Value CR Non CR p-Value

BLyS, ng/ml’ 1.50 £ 0.50 1.50 + 0.26 0.987 215+ 0.64 2.06 + 0.31 0.942
APRIL, ng/ml® 3.42 + 0.69 4.65+0.44 0.143 1.06 £ 0.20 2.25+0.31 0.033¢t
Clinical parameters®

Serum creatinine, mg/dl 0.91+0.08 0.96 + 0.11 0.799 0.80 £ 0.05 0.82 £ 0.07 0.845

Proteinuria, g/day 1.83+0.32 4.23 +0.41 0.002t 0.32+0.10 2.60 + 0.60 0.0011

Urinary erythrocyte count, per HPF 45.88 £ 24.85 35.03 + 9.31 0.617 2.25+0.59 29.45 + 13.37 0.056
Immunological parameters”

C3 (n=5;12) (n=4;12) 52.6 £ 17.61 58.8+8.15 0.717 84.75+12.29 86.41 + 7.56 0.913

C4 (n=5;9) (n=3;7) 10.27 £ 4.1 9.64 £1.71 0.869 18.7 £ 3.38 21.47 £5.00 0.743

CH50 (n=6;9) (n=3;5) 13.55+3.84 16.50 £ 7.32 0.763 24.97 + 3.87 20.82 £ 7.03 0.687

ANA (n=6;11) (n=3;5) 560.00 + 229.09 1,469.09 + 459.73 0.184  280.00 £183.30 912.00 +471.66 0.364

Anti-dsDNA (n=5;10) (n=3;6) 544 .20 + 223.88 302.00 + 135.62 0.346 69.67 + 46.05 11.05+£1.70 0.334
Histological parameters

Activity score 7.88 £1.01 7.60 + 1.01 0.875

Chronicity score 2.25+0.59 3.15+0.70 0.449

° Data are expressed as mean+SE., * Include only lupus nephritis class II or IV by ISN/RPS 2003 criteria, T Significance of the difference among

active and remission group, by Mann-Whitney U test., N/A, not applicable, CR = complete remission
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Discussion

In this study we aimed to investigate the relationship between blood BLyS level and
severity of lupus nephritis. We found that BLyS levels had correlation with all complement
levels but inverse correlation with prior steroid dosage. Many previous literatures in the past
had shown that BLyS expression and BLyS levels were correlated with SLE activity (17) and
were suppressed rapidly in those taking steroid (21-22). The conflicting result could be
explained by the steroid dosage that patients took before investigation. In group of patients
that received steroid equivalent to prednisolone dose more than 30 mg/day had low blood
BLyS level (<1pg/ml) (data not shown). And almost all of active lupus nephritis patients
(>90%) have steroid exposed with dose varied more or less. Thus the mean levels of blood
BLyS in the active group were lower than in the remission grouped and also had a pararell
correlation with complements.

No study explored the relationship between the blood BLyS level and white blood
cell counts. But in this study, we found that soluble BLyS that we detected had inverse
correlation with total white cell counts, total polymorphonuclear (PMN) cells and total
lymphocytes. On the basis, BLyS are produced and secreted by T cells, myeloid cells and
dendritic cells. B cell can also produce small amount of BLyS to activate them as autocrine
function. We knew that the blood BLyS level could be maintained by two factors, first the
production rate and second the consumption rate. So we could expect to see high BLyS
levels in the presence of neutrophilia and B cell lymphopenia. In acute phase of lupus
nephritis flare, B cells play a major role in promoting the proinflammatory state, therefore we
could speculate that there is an increasing of B cell numbers in this situation and the amount
of B cells could not be the main factor to explain the association. We are unable to interpret
why the BLyS levels have inverse correlation with total PMN but we believe that the answers

are more complicated and need further investigations. These may be some reasons.
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- BLyS levels depend on net balance of the production and consumption rate. And the
blood sample we took for measuring BLYyS level and white cell counts were not from
the same time.

- Low BLyS levels may not represent true remission episode. Strong expression of
BLyS mRNA could be the answer (23).

- Glomerulonephritis may increase BLyS excretion in the urine, thereby resulting in
lower blood BLyS level. Future analyses of urine BLyS protein may prove to be highly
informative.

Furthermore, we found the correlation between blood BLyS levels and
mycophenolate (MMF) dose usage. After follow up, patients that maintain MMF for 6 months
had highs level of BLyS than patients whom maintained by other regimen (data not shown,
p-Value =0.021). In our opinion, MMF had specific antiproliferative effect for lymphocytes, so
B cell numbers should be suppressed and the rate of BLyS consumption would be low.

From the study, the BLyS levels were associated with systemic manifestation of SLE
but had no association with all renal SLEDAI parameters and the renal pathology. We also
found that BLyS levels at 6 months had pararell correlation with BLyS level at the baseline
value, so the rate of change of BLyS was slow. In conclusion, BLyS levels are sensitive to
steroid and MMF. In conclusion, blood BLyS is not good for determining the severity of lupus
nephritis.

Although blood BLyS levels were associated with systemic lupus not nephritis, blood
APRIL levels were associated with lupus nephritis (as shown in the result). Many literatures
revealed that serum APRIL levels were correlated significantly with musculoskeletal
manifestation of SLE, mostly arthritis (15-16). The levels of APRIL mRNA in CD19+ B cells
correlated both with the titers of anti-double standed DNA antibodies and with the SLE
disease activity index. Furthermore, there was an overexpression of APRIL in kidney tissue
from SLE patients (17,19). Similar to other studies, we found that blood APRIL levels were
correlated significantly with the levels of proteinuria and activity score after being adjusted

for immunosuppressive drugs by multivariate analysis. However, we did not find the
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relationship between blood APRIL level and systemic parameters. It was difficult to make the
interpretation due to the small size of population or it has been proven to be the truth that
APRIL was found high level in local tissue inflammation particular nephritis. This was the first
study that described the association between the blood APRIL level and severity of lupus
nephritis (both clinical and pathological parameters).

There were some significant differences in active features of pathological indexes
such as endocapillary proliferation, fibrinoid necrosis, PMN infiltrations and hyaline deposits
between the active lupus nephritis patients that had blood APRIL levels above and below
3.6 ng/ml. After following up for 6 months, we also found that the active lupus nephritis
patients who had baseline blood APRIL above 3.6 ng/ml, developed remission after
standard treatment for less than 5%. Moreover, regard to data on the 6-month follow-up day,
the clinical response of lupus nephritis to treatment was improved and the blood APRIL
levels of that day were decreased in the indifferent rate among responder and non-
responder group.

In lupus nephritis, proteinuria is a component of composite outcomes. It's associated
with increasing incident of thromboembolic disease and cardiovascular events. Regression
of proteinuria appears to be stronger predictor of prognosis. The knowledge about true
mechanism of APRIL and how to develop proteinuria could help us understanding the
pathophysiology of lupus nephritis and develop new strategies to attack APRIL for
decreasing disease activity. Blood APRIL may be the other seromarker that use in
determining the severity of lupus nephritis.

In conclusion, this study demonstrated the pivotal role of BLyS ligands in human
lupus. Blood BLyS was associated with systemic manifestation whereas blood APRIL was
associated with local manifestation (lupus nephritis). Blood APRIL levels may become the
noninvasive approach serving as a practical tool in management of lupus nephritis. APRIL

antagonists may be a new treatment for lupus nephritis.
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ABSTRACT

Recent studies have indicated that vascular endothelial growth factor (VEGF) plays a crucial
role in the preservation of renal function and may serve as a useful biomarker in monitoring
the progression of lupus nephritis (LN). We sought to characterize a potential correlation
between the intra-renal expression of VEGF and the renal histopathology and the prognosis
of LN. We collected renal tissue from patients with active LN and measured mRNA and
protein expression in the renal tissue by quantitative polymerase chain reaction and
immunohistochemistry, respectively. All Class Ill or IV lupus nephritis by the ISN/RPS
classification displayed a decreased level of intra-renal VEGF compared to those of kidney
donors at the time of transplantation. Furthermore, VEGF mRNA levels were negatively
correlated with certain histopathologic features, including glomerular endocapillary
proliferation, crescent formation, and a high histological activity index. Interestingly, the
reduction in intra-renal VEGF level was associated with increase in number of podocyte cells
in the urine of patients with LN. Moreover, the level of intra-renal VEGF mRNA precisely
predicted the deterioration of renal function in these patients within twelve months. In
conclusion, expression of VEGF in renal tissue may serve as a molecular marker of renal
damage from LN and may be a predictive factor for short-term loss of kidney function in

lupus nephritis patients.
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INTRODUCTION

Proliferative lupus nephritis (LN) is the most common and severe histology of lupus
nephritis.(1) Steroids and cytotoxic drugs remain the most commonly used treatments
despite the many associated adverse events.(2) Renal histology is essential for the
selection of proper treatment and prognostication of the disease.(3) Specific histological
findings, such as crescent formation, may determine prognosis.(3) However,
immunosuppressive therapy could mitigate such pathology and therefore improve the renal
prognosis.(4) Since the discovery of the molecular mechanisms of SLE, novel
immunosuppressive therapies have been introduced.(5) Nevertheless, the mechanism of
the loss of renal function remains unknown.(6) Studies of intra-renal molecular signatures
could reveal the molecular mechanism of the disease and predict renal prognosis.(7-9)
Finally, molecular classification may be integrated into the histological classification of lupus

nephritis.

The integrity of the glomerular and peritubular capillaries is vital for renal function.
Progressive capillary loss, with obliteration of the microvasculature, frequently accompanies
fibrosis, which is a characteristic feature of progressive renal disease.(10, 11) Progression
of glomerulopathy is, at least in part, due to loss of glomerular integrity. VEGF promotes
survival, proliferation, and differentiation of glomerular endothelial cells.(12) Decreased
expression of VEGF has been associated with various glomerulopathies such as crescentic
glomerulonephritis, focal glomerulosclerosis, IgA nephropathy, pre-eclampsia, and aging
kidneys.(10, 13, 14) Administration of VEGF has been shown to stabilize kidney function in
many models including the remnant model, thrombotic microangiopathy, and chronic
cyclosporine nephropathy.(15-18) The protective actions were principally mediated through
preservation of glomerular and peritubular capillary structures.(18) A recent study in human
diabetic nephropathy has confirmed the role of VEGF in maintaining renal vasculature and
identified it as a novel biomarker.(19) Growing evidence supports the potential role of VEGF

in SLE and nephritis, but the studies remain inconclusive.(13, 20-23)
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Intra-renal quantitative gene expression may be used for grading of disease severity.(8) For
instance, intra-renal TGF-beta gene expression could determine progression of chronic
kidney disease.(9) In lupus nephritis, it is difficult to determine prognosis at the time of the
renal flare. In a previous study, we suggested a serial non-invasive measurement of urinary
MRNA for chemokines and growth factors that could predict the prognosis of this
disease.(24) In this study, we aim to determine an association between intra-renal molecular
signatures and renal histology. Furthermore, we determined whether the molecular

signature in the kidney could predict the progression of lupus nephritis.

MATERIAL AND METHODS

Patients.

A total of 51 patients underwent renal biopsy for diagnostic evaluation of active lupus
nephritis between 2002 and 2005. All patients had been diagnosed with SLE according to
the 1997 American College of Rheumatology criteria. All biopsies were examined by one
pathologist (VK) who was not aware of the results of the molecular study. The samples were
classified according to the histologic types of LN using the ISN/RPS classification.(40) Six
samples from patients with LN class V were excluded from the study. Ten samples were
excluded due to inadequate number of glomeruli (less than five) or chronic scarring
glomeruli. In class Ill or IV LN, patients were treated with oral prednisolone plus a six-month
course of intravenous cyclophosphamide (41) or oral mycophenolate mofetil.(42) In rapidly
progressive renal failure from crescentic LN, three consecutive doses of intravenous
methylprednisolone were given and three sessions of plasmapheresis were performed. The
patients then received oral prednisolone plus a six-month course of intravenous

cyclophosphamide.(43)

The control group consisted of kidney samples from implantation biopsies after re-perfusion

of kidney allografts. Inclusion criteria were living or deceased donors with normal serum
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creatinine levels and donor age of less than 55 years. Kidney samples from patients with

delayed graft function or prolonged ischemia time were excluded.

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

patients.
Renal Histology

Paraffin sections were stained with hematoxylin and eosin, periodic acid-Schiff, trichrome,
and silver for light microscopy. The specimens were scored for activity and chronicity
indices as described previously.(1) The maximum scores of the activity index and chronicity
index were 24 and 12, respectively. The activity index was the sum of semiquantitative
scores of the following parameters: endocapillary proliferation, fibrinoid necrosis, cellular
crescents, leukocyte infiltration, hyaline thrombi, and interstitial infiltration. The chronicity
index was the sum of semiquantative scores of the following parameters: glomerular
sclerosis, fibrous crescents, interstitial fibrosis, and tubular atrophy. A percentage of each

parameter was calculated by the equation:

Percentage of each pathology = (Number of involved glomeruli / Total number of obtained
glomeruli) x 100 %
RNA isolation from renal biopsy samples.

Diagnostic renal biopsy specimens from lupus nephritis patients were obtained and stored
at -80 °C. RNA isolation, quantification, and reverse-transcription into complementary DNA

were performed as described previously.(8)

Quantification of mMRNA.

The mRNA of 18s rRNA, VEGF, ANGPT-1, TGF-beta, and HO-1 were measured using a Light
Cycler machine (Roche Molecular Biochemicals, Indianapolis, IN). The sequences of

primers and fluorescence probes are as follows: 18s rRNA sense, 5’'gcc cga agc gtt tac ttt
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ga 3'; 18s rRNA antisense, 5’tcc att att cct agc tgc ggt atc 3’; 18s rRNA probe, 5’FAM aaa
gca ggc ccg agc cgc ¢ TAMRAZ'; VEGF sense, 5'cct aca gca caa caa atg tga atg 3’; VEGF
antisense, 5'caa atg ctt tct ccg ctc tga 3’; VEGF probe, 5’FAM caa gac aag aaa atc cct gtg
ggc ct TAMRASZ’; ANGPT-1, sense 5’tgc aaa tgt gcc ctc atg tta 3'; ANGPT-1 antisense, 5’tcc
cgc agt ata gaa cat tcc a 3’; TGF-beta sense, 5'ccc tgc ccc tac att tgg ag 3’; TGF-beta
antisense, 5'ccg ggt tat gct ggt tgt aca 3’; TGF-beta probe, 5’FAM cac gca gta cag caa ggt
cct ggc ¢ TAMRA 3'; HO-1 sense, 5’gcc ctt cag cat cct cag ttc 3'; HO-1 antisense, 5'ggt ttg
aga cag ctg cca cat 3'; HO-1 probe, 5’FAM tgc agc aga gcc tgg aag aca ccc TAMRA 3.
All primer pairs were designed to span across an intron-exon boundary to distinguish
amplification of genomic DNA. Each PCR reaction was carried out in a 20 pl reaction
volume composed of 2 pl of cDNA template and 18 pl of a real-time PCR mastermix that
contained 10 pl of 2xQuantiTech Probe Mastermix (Qiagen Inc., CA, USA), 0.5 uM forward
primer, 0.5 yM reverse primer, and 0.2 uM probe. No fluorescent signal was generated by
these assays when genomic DNA was used as a substrate, which confirmed that the assays
measured only mRNA. Levels of mRNA were analyzed by a comparative method.(44) The
reference RNA was a pool of RNA from implantation kidney biopsies of live-donors. To
control possible variation among PCR runs, VEGF and an 18s rRNA plasmid (housekeeping
gene) were used as calibrators. The PCR amplicon for 18s rRNA was used for developing
standard curves. The standard curves were based on the principle that a plot of the log of
the initial target copy of a standard versus threshold cycles results in a straight line. Levels
of mMRNA were expressed as the number of copies per microgram of total RNA isolated from

renal biopsy tissues.

Immunohistochemistry.

For immunohistochemistry, tissue samples were fixed in 4% buffered paraformaldehyde and
embedded in paraffin. Deparaffinized sections were heated in a microwave oven with
sodium citrate buffer. The rabbit anti-VEGF-A antibody sc152 (Santa Cruz Biotechnology,

Inc., CA, USA; dilution of 1:100) and an Envision reagent kit (Dako, California, USA) were
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used. The color product of peroxidase was developed by the 3,5 diaminobenzidine (DAB)
substrate and counterstaining with hematoxylin. Negative controls included normal rabbit

IgG.
Quantitation of the urine podocyte marker (WT-1) and VEGF.

To properly compare intra-renal and urinary gene expression, a 50 mL urine sample was
collected on the day of kidney biopsy. The urine sample was immediately centrifuged after
collection at 1000 g for 30 min at 4° C. Total RNA was isolated from the cell pellets using an
RNA blood mini kit (Qiagen, Chatworth, CA), measured for concentration, and reverse-
transcribed into complementary DNA as described previously.(24, 45) The mRNA levels of
VEGF, WT-1 (podocyte marker), and 18s rRNA (housekeeping gene) were measured as

described above.
Statistical Analysis.

Statistical analysis was performed using the SPSS software (version 11.5, SPSS Inc,
Chicago, IL). The levels of mRNA deviated significantly from the normal distribution
(p<0.001) and were reduced by log-transformation. All data are given as mean and SE.
The Mann-Whitney test was used for comparison between the two groups. The relationship
between the mRNA levels of each group was estimated with Spearman’s rho correlation. A
loss of renal function was determined by a doubling of serum creatinine calculated from the
renal biopsy date or end-stage renal disease. The criteria of ESRD included having a
calculated MDRD-GFR below 15 mL/min or initiation of renal replacement therapy (dialysis
or transplantation). To distinguish patients who had a loss of renal function, a receiver
operating characteristic curve of mMRNA levels was used to determine the cutoff levels that
maximized the combined sensitivity and specificity. We estimated the probabilities of a loss
of renal function using the Kaplan-Meier method and compared them using a log-rank test.

All p-values below 0.05 were considered statistically significant.
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RESULTS

Patients.

Fifty-one biopsy samples were obtained during a diagnostic process of clinically active
lupus nephritis. Ten samples were excluded due to an inadequate number of glomeruli
(less than five) or chronic scarring glomeruli. Six samples from patients with LN class V
were excluded. Thirty-four samples were from female patients. Mean (SE) age was 31
(1.27) years. The mean (SE) SLE disease activity index (SLEDAI) (25) and level of serum
creatinine, 24 hour urine protein, and erythrocyturia were 10.58 (0.91), 1.74 (0.26) mg/dL,

3.53(0.47) g/day, and 32.70 (15.47) cells/high power field, respectively (Table 1).

Ten samples of implantation biopsies from donor kidneys were used as controls. Six kidney
samples were from living donors, and four were from deceased donors (Table 1).
Histological examination of the wedge-biopsies revealed unremarkable findings except for

minimal tubular injury.

Renal histology of lupus nepbhritis

Eight samples were class Il and twenty-seven were class IV by the ISN/RPS classification of
lupus nephritis (LN), respectively. More details of renal histology are demonstrated in Table
1. The mean (SE) of renal activity and chronicity indices were 7.49 (0.85) and 4.06 (0.53),
respectively. Crescent formation was observed in 12 samples (34%). Other pathologies
observed in the samples were endocapillary proliferation (82%), fibrinoid necrosis(34%),

glomerular neutrophil infiltration(65%), and thrombotic microangiopathy (16%).
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Table 1. Clinical and histological variables at the time of biopsy®

Controls” Patients p-value
Number 10 35
Gender (Female/Male) 2/8 34/1
Age (years) 33.40+3.76 31.74+1.27 0.74
Clinical parameters
- Serum creatinine (mg/dl) 1.18+0.13 1.74+0.26 0.93
- Proteinuria (g/day) 0 3.53+0.47 <0.001
- Urinary erythrocyte count (per high 0 32.70+15.47 <0.001
power)
- MDRD GFR (ml/min/1.73 m*)° 81.10+9.80 66.36+6.84 0.49
SLEDAI N/A 10.58+0.91
Steroid dose (mg/day) 0 32.20+6.64 <0.001
Activity index N/A 7.49+0.85
Chronicity index N/A 4.06+0.53
Renal Histology
(s, ()° N/A 7,1
IV (S), (G)° N/A 10, 17
I (A), (A/C)¢ N/A 4,4
IV (A), (A/C)° N/A 16, 11
Intra-renal mRNA levels
VEGF -0.08+0.13 -0.64+0.05 <0.001
HO-1 0.30+0.26 -0.45+0.06 0.002
TGF-beta -0.03+0.15 -0.13+0.06 0.22
Angiopoeitin-1 0.16+0.38 0.60+0.08 0.44

?Data are expressed as mean + SE., ° Control: implantation biopsy from 6 living donors and 4
deceased donors.,  MDRD GFR, glomerular filtration rate at the time of biopsy., d SLEDAI,
Systemic Lupus Erythematosus Disease Activity Index [25]., ¢S, segmental. G, global. A, active.
C, chronic

N/A, not applicable, mg/dl, milligram per decilitre

Intra-renal expression of VEGF in lupus nephritis.

Levels of VEGF mRNA in the kidneys of lupus nephritis patients (n=35) were decreased as
compared to the implantation biopsies of kidney donors (n=10) (-0.64+0.05 vs. -0.08 + 0.13

log copies; p < 0.001) (Table 1). The levels of HO-1 were decreased in lupus nephritis (-
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0.45+ 0.06 vs. 0.30 + 0.26 log copies; p=0.002), whereas the levels of transforming growth
factor-beta (TGF—D) andar]glop%mm (ANGPT-1) were not different between patients and
controls (-0.13 + 0.06 vs. -0.03 + 0.15 log copies; p= 0.22 and (0.60 + 0.08 vs. 0.16 + 0.38

log copies; p= 0.44).

Intra-renal VEGF mRNA levels were lower in samples with crescent formation (-0.98% 0.03
vs. -0.62%0.05 log copies; p=0.04). The biopsy samples with diffuse endocapillary
proliferation (> 25 % of glomeruli) expressed lower VEGF levels (-0.72_+ 0.05 vs. -0.44 +
0.06 log copies; p=0.003). Samples with a high activity score (score > 3 of total 24)
expressed lower VEGF levels (-0.70 + 0.05 vs. -0.40 + 0.07 log copies; p=0.009). However,
samples with glomerular neutrophil infiltration (>25% of glomeruli) showed no difference in
VEGF levels (-0.67 + 0.08 vs. -0.62 + 0.05 log copies; p=0.09). Fig. 1(A-D) shows that the
presence of crescent formation, endocapillary proliferation, and a high activity index were

associated with decreased VEGF mRNA levels.

Correlation between VEGF, transforming growth factor-beta (TGF-B), angiopoeitin-1

(AGPT-1), and heme-oxygenase-1 (HO-1).

Since there is a functional relationship among genes in the hypoxia-inducible pathway such
as VEGF, TGF- B AGPT-1, and HO-1, we attempted to determine the association between
each mRNA level in the biopsy tissues. Fig 2 A-C shows that mRNA levels of VEGF were
associated with TGF- ﬁ (R=0.41, p=0.02), and HO-1 (R=0.65, p < 0.0001), but not ANGPT-1

(R=0.15, p=0.41) mRNA levels.
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Figure 1. Intra-renal vascular endothelial growth factor (VEGF) mRNA and renal pathology.

Box and whisker plots show the 10“", 25m, 50" (median), 75“", and 90" percentiles of values

(log) for VEGF mRNA levels in the kidney tissue of patients with class Ill / IV lupus nephritis.

The levels of VEGF mRNA were significantly lower in samples with the presence of

crescentic formation (A), endocapillary proliferation (>25% of glomeruli) (B), and high

activity index (Al > 3) (C), but not glomerular neutrophil infiltration (>25% of glomeruli) (D).

(p-value by Mann-Whitney test). Numbers in the parentheses indicate the number of biopsy

samples.
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Figure 2. Coordinated expression of intra-renal VEGF and related genes. (A) The

relationship between the levels of VEGF and TGF-[_] was sientficant at P=O.02 R=041). (B

The relationship between the levels of VEGF and ANGPT-1 was not significant (P=0.41,
R=0.15). (C) The relationship between the levels of VEGF and HO-1 was significant at P <
0.0001 (R=0.65).

Immunohistochemistry localization of VEGF within renal biopsies.

In kidney donors, the VEGF protein was expressed on podocytes and markedly expressed
on tubular epithelial cells (Fig 3 C, E). In lupus nephritis, weak VEGF staining was observed
in all samples (Fig 3 B, D, F). The VEGF protein was scarcely seen on glomeruli and tubular
epithelial cells of samples with diffuse endocapillary proliferation (Fig 3B) or crescent

formation (Fig 3D).
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Figure 3. Immunohistochemistry localization of VEGF within renal biopsies of patients with

lupus nephritis or kidney donors (implantation biopsy).

Sections were not stained with control monoclonal antibodies (A). VEGF protein was absent
in crescentic glomeruli of patients with lupus nephritis (B) but markedly expressed in
glomeruli of implantation biopsies of kidney donors (C); inset shows VEGF+ podocyte cells
(arrows). VEGF was scarcely seen in glomeruli with endocapillary proliferation of lupus
nephritis (D). VEGF was ubiquitously expressed on tubular epithelial cells of donor kidney
tissues (E) but was reduced in the tubulointerstitium of kidneys of patients with lupus

nephritis (F). (Original magnification x 400 except inset x 600)
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Intra-renal VEGF mRNA levels predict a loss of renal function within twelve months.

Active lupus nephritis patients were treated with standard therapy (see Methods) and were
followed for twelve months after kidney biopsy. Of all 35 patients, 10 patients experienced a
loss of their renal function within 12 months (doubling serum creatinine levels or end-stage
renal disease). We performed ROC analysis to determine the best cutoff that had the
maximal sensitivity and specificity based on a loss of renal function. The mRNA cutoff level
of -0.63 log copies could predict a loss of renal function with negative and positive
predictive values of 100 and 53 percent, respectively. We observed that 53% of patients
with low VEGF mRNA levels, but none of the patients with high levels, experienced loss of
their renal function within 12 months. Patients with low VEGF mRNA levels had a
significantly increased risk of loss of renal function, including doubling serum creatinine
levels, end-stage renal disease (ESRD), or both events combined (p < 0.001 by log-rank
test) (Fig 4 A-C). In contrast, crescent formation and a high renal activity index were not

associated with ESRD (data not shown).

Urinary loss of podocytes is associated with active lupus nephritis (Fig 5).

In a previous study, we reported an increase in urinary VEGF levels in patients with biopsy-
proven proliferative lupus nephritis.(24) Although tubular epithelial cells are the main source
of VEGF in the kidney, we hypothesized that the reduction of intra-renal VEGF in this study
may partly be explained by a loss of podocyte cells into the urine. We therefore analyzed
the relationship between mRNA levels from urine cells and renal tissue during active lupus
nephritis. To perform a proper comparison, urine samples were collected from patients
(n=21) on the day of renal biopsy. There was a significant association between urinary WT-1
and VEGF mRNA levels (Fig 5A) (R=0.51; p= 0.02). Urine WT-1 and VEGF mRNA levels
were increased in active LN (urine WT-1= 2.88+0.25 and VEGF 2.14+0.23 log copies). In
contrast, intra-renal WT-1 and VEGF mRNA levels were decreased in active LN (renal WT-1=

-0.56+0.08 and VEGF= -0.73+0.14 log copies) (Fig 5B).

47



A. High VEGI
(N=0/16)
1.0 1 Lo -1
=1]
5 L_‘_l
§ o .54
[ =
5 2 Low VEGI
=R (N=8/19)
= 2 064
"N Log rank=11.49
53 P<0.001
2z
z &
=} .44
E
O
0.2 —
0 60 120 180 240 300 360
Time after renal biopsy, days
High VEGF
(N=0/16)
1.0= o A S SR S ———
=]
8 e
7 é 0.8 -
= @
s B Low VEGF
E = (N=10/19)
= 5 0.6
2 g Log rank=12.89
& P=0.001
t B
EE 04
s E
£ DS
3
G
0.2 . B

e
60 120 180 240 300 360
Time after renal biopsy, days

=

Cumulative survival of ESRD

High VEGF
(N=0/16)
T CESSE PR S ES = PRSSAERNE g O S S, '
0.8
0.6
Low VEGF
(N=9/19)
0.4 Logrank=11.43
P<0.001
02 T T T T T T T T T T T T
0 60 120 180 240 300 360

Time after renal biopsy, days

Figure 4. Analysis of the relationship between VEGF mRNA levels and a loss of renal

function in 12 months. Panel A shows Kaplan-Meier estimates of the time to doubling serum

creatinine in all patients with class Ill/IV LN, as defined by two groups of VEGF mRNA levels

(the best cutoff mMRNA level identified by ROC analysis).

Panel B shows Kaplan-Meier

estimates of the time to end-stage renal disease. Panel C shows Kaplan-Meier estimates of

the time to both outcomes combined (doubling serum creatinine or end-stage renal disease)

(C). According to log-rank analysis, p-values were < 0.001 for the model based on the two

groups shown in all panels.
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Figure 5. Study of a podocyte marker (WT-1) and VEGF from urine samples of lupus
nephritis patients. (A) The relationship between the levels of VEGF and WT-1 was significant
at P=0.02 (R=0.51). (B) Box and whisker plots show the 10", 25", 50" (median), 75", and
90" percentiles of values (log) for WT-1 and VEGF mRNA levels in the urine as compared to
their levels in the kidney tissue of patients with class Il / IV lupus nephritis (n=21). The

dotted line represents normal values.

DISCUSSION

Renal histology study is essential for guidance of patient management and for predicting
prognosis of renal disease.(26) Patients with proliferative lupus nephritis (ISN/RPS class |l
or IV) are inevitably destined for chronic or end-stage kidney disease.(27, 28) The use of
currently available immunosuppressive treatment has significantly improved renal
prognosis.(29) However, physicians have been unable to readily predict individual
responses until patients finish a six-month course of immunosuppressive treatment.(28) In
general, a loss of renal function within six months after induction of treatment could
determine long-term prognosis.(3) In this retrospective study, intra-renal VEGF expression
was decreased in severe lupus nephritis. Moreover, VEGF expression at the time of renal
flare may be a useful predictor of poor renal function within twelve months. Molecular

biomarkers may be useful in the diagnosis and prognosis of lupus nephritis in the future.
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Several studies have suggested that VEGF plays a key role in endothelial cell proliferation
and capillary repair.(16, 18, 30) In the model of membranoproliferative GN, blockade of the
VEGF 4, protein could lead to progressive renal damage.(31) In the remnant kidney model,
VEGF is reduced in both glomeruli and tubular cells, which could be corrected by VEGF
replacement.(17) VEGF could enhance endothelial cell repair as well as increase angiogenic
response of peritubular capillaries.(32) It is known that VEGF can alter endothelial cell
growth, integrity, and function and may eventually contribute to glomerulopathy.(12, 18, 30)
It is expected for reduced endocapillary proliferation to be associated with decreased

VEGF. This study could not determine such an association.

VEGF has been shown to stabilize kidney function in animal models of thrombotic
microangiopathy(16) and chronic cyclosporine nephropathy.(17) The protective actions
were principally mediated through preserved glomerular and peritubular capillary
structures.(18) This may help to preserve GFR by maintaining glomerular capillary filtration
surface area as well as preventing tubulointerstitial fibrosis.(18) This vascular protective
action of VEGF could explain, in this study, an association between intra-renal VEGF and a
loss of renal function in twelve months. Furthermore, histological evidence in this study
showed expression of VEGF in both the glomeruli and the tubular cells of kidney donors,
whereas there was a marked reduction of VEGF in both structures of kidneys with active
lupus nephritis.(13, 33) A study of renal tubular cell lines found that VEGF acts as a survival
factor by induction of cell proliferation and anti-apoptotic responses.(34) Expression of
VEGF in renal tubules may result in order to protect against injury such as hypoxia,

ischemia/reperfusion, hypokalemia, or oxidative stress.(34-36)

In this study, intra-renal HO-1 expression was well correlated with VEGF expression. The
MRNA levels of both genes were decreased in lupus nephritis as compared to kidney
donors. In human kidney transplantation, both HO-1 and VEGF mRNA levels have been
shown to be decreased in deceased donors (prolonged ischemia time) as compared to

living donors (short ischemia time).(33) In this study, the levels of VEGF decreased as the
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severity increased; therefore, further studies are needed to clarify the role of hypoxic injury in

lupus nephritis.

Studies of serum VEGF in SLE patients have demonstrated higher levels in patients with
active SLE than in patients with inactive SLE or healthy individuals.(20-22) It is difficult to
compare VEGF expression among the studies, since the quantification methods and studied
samples (serum versus tissue) were different.(23) The local effects of VEGF may be
different from the systemic responses. The variation of patients’ characteristics and
immunosuppressive treatments may be considered to be confounding factors. It should be
noted that patients received a moderately high doses of steroids in this study, although we
did not find a relationship between steroid dose and molecular profiling. Furthermore,
serum VEGF levels may not be associated with intra-renal VEGF levels, since we may detect
VEGF expression from different cell sources. For instance, the serum VEGF may originate
from vascular endothelial cells, whereas renal VEGF, in this study, originates from tubular
epithelial cells and podocytes.(34, 37) Lastly, patients with different stages and levels of

severity of SLE may show different patterns of VEGF expression.(13, 22)

We previously reported an association between urinary VEGF expression and active
proliferative lupus nephritis,(24) whereas in this study, an inverse relationship between intra-
renal VEGF and histological activity was found. This has been validated by performing
MRNA studies from same-day collection of urine and renal tissue. Figure 5 demonstrates an
inverse relationship between urine and intra-renal VEGF mRNA levels. We hypothesize that
there may be a significant urinary podocyte loss in active lupus nephritis.(37) Although
tubular epithelial cells are the main source of VEGF in the kidney, urinary podocyte loss may
partly contribute to a reduction of VEGF in crescent formation.(37) Selective knockout of
VEGF in the podocyte showed impaired glomerular capillary formation due to a loss of
endothelial cells, supporting the important role of VEGF in podocytes in maintaining capillary
integrity.(38) Yu D et al showed that urinary podocyte loss is associated with glomerular

damage in both primary and secondary glomerulonephritis in mice.(39) We confirmed that
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there was urinary podocyte loss in lupus nephritis by demonstrating an increase in urinary
WT-1 mRNA levels of patients with active nephritis (Fig 5). It would be interesting to further
determine whether urinary podocyte numbers might be a functional biomarker for disease

activity.

In conclusion, this study demonstrates the pivotal role of renal VEGF expression in human
lupus nephritis.  Patients with proliferative LN who had decreased intra-renal VEGF
expression are at risk for a rapid decline of renal function. At the time of renal flare, the
combination of renal pathology like class IlI/IV LN and reduced VEGF expression could
predict poor renal survival. Intra-renal VEGF may become a candidate surrogate marker for

targeting therapy and in development of clinical trials.
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Genetic polymorphism of drug toxicity or
pharmacokinetics in SLE patients
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d v A Y

!ﬂﬂ!%ﬂ?iﬂﬂm@ﬂ@ﬂf)ﬁlﬂﬂﬂ
91 Yo o a g Yy Ao o
Ej.ﬂi]ilulﬂiﬂEﬂiﬂ‘]elWINlﬂu’éJWiﬁ TIUNYIANTA LLﬁZEﬂ.“}J’JEJVIi‘UElTiﬂ‘lslﬂiﬂL‘UWT’ﬂu

GTNm"hJﬁJﬂ’mmiﬂﬂG?m A13NTL1997 NMSAsUFNIN LaZMTVVI0DNIINT NNIGUDIE
MMF
<3 @ 1 4 [
1.2 MINUAIDEUNATIVTBUIZAY MPA Tuwaraun
A Y 1 cv % 3
iz reneuiulszmue MMF uagnaanniulseniu 0.5, 1, 1.5, 2, 3, 4, 8,
@ A . [ g’/ X ) < PR
12 ¥ 1u9 luvananaaoanlans heparin nasnniuutenemaravaziii mu”l’ﬁu@,wu -
80 esrsaFed udnililsamves MPA Taaldds high performance liquid chromatography
(HPLC)
<3 @ 1 Y] Aaa v W @
1.3 MInudIogudeaazana DNA memi’mﬁmﬂaﬂymzmﬂwu‘gﬂﬁmmﬁu
UGT1A9
< o ] y o [
NUAI06191200 5 Ua. 11 EDTA tube tuuen buffy coat U1 buffy coat ¥1anA DNA

a

#1873 salting out taziny 13gungl 20 C @umsAnE1 SNP e -2152 C>T, -275T>A

HAZAIHUIUDY exon N 3 FIW@AU191NIT PCR/RFLP 404 Girard et al 118235 SSCP-PCR Waiu1

910 Yamanaka et al oM 19141149 -109 — (-98) base pair insertion

[ o <] < v o
Q%ﬂ15ﬂﬂa@ﬂﬂ31uﬁﬂwugmﬂﬂﬂTiVITQTHﬂ]@QL@Hll“ﬁﬂj TPMT 1ummﬁ@ﬂumﬂuaﬂymzmﬂ

Y

ugnssuludibe SLE 11d5umssnudaee azathioprine

1.1 nguilszannsNany
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nguded1en 1 lunmsdnuldningiaenendulse sSLE Ald5unsinudlee

. . Pl a v Ay Yo a Y o =
azathioprine Tulssnenagmasnsal umIneas 1 1dsuanuaueenlihnmsdny
1.2 YUIAVDINGNAIDY

NNMIANBINRIUMINLANUYN (Prevalence) ¥oslszmnsiianuralndvesdu TPMT

1A 10% tag allowable error NN 5% YUIAAIBEWNAUINNANWFONY 95% INGAT

2, fP(1-P)
N
VUAVDIAIVIIUNINY 140 518

o o <
1.3 ﬂ']SfJﬂﬂ']SV]]Q’]ule@QLﬂullmﬁ TPMT

o < : o
Fmsanvimsiauveudu el TPMT Tas HPLC #eaz Tdgnitanuiain Tae Wush B,

HazAME
1.4 MIANYIANHULNNHUFNTTUYDIBU TPMT

Y] Yo <3 % ] A ~ 9 <3 A
ﬂﬁﬁ'"lﬁllﬂillﬂﬁﬂﬂ"lilﬂﬂﬁ'Ji’]EJN%Tﬂﬁﬂﬂﬂlaﬂﬂﬂllﬂluﬂizuim 10 ml. Taglgviananuiaen
Aa A g [ <Y A < A Y A S ~ A <
NUa15 EDTA 1o oanumsuaealveuaonazoniagnav1alen o9t umieanaueG )
I A o v A ad ) asy . AN Yo o axy
39U 3000 g Wua 15 N MmMsanaad ueaI835 salting out “I/lllﬂiﬂﬂﬁWGMU']iJ'ﬁﬂﬂ’J‘ﬁ"ll@\i

S.AMiller tazaAniz MIANBIANHULNNWUFNITULUY TPMT*3C arematia RT-PCR
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HaN3INMSANHISZADYEI MPA aiams3nyivesdileiilasy mycofenolate mophetil

mﬁﬁﬂmﬁﬁé’ﬂaﬂc?}qﬁﬁ'mmiﬁﬂmuazaﬂmumu 6 tous I 20 au udihondis 18 au
wazdthewe 2 au Athefidhswmsfneniietgnde 32,50 + 7.47 1 fish serum creatinine 8¢5z 1
0.43 84 2.3 mg/dl TAumasmaiy 1.22 + 0.55 mg/dl ietsziiiunsyanvesladre3s MDRD wag
Cockcroft-Gault f’hm?llﬂ estimated glomerular filtration rate (eGFR) 910U 71.54 + 40.5 ml/min/1.73

mZuae 71.36 + 40.82 ml/min mudiey aungelysaulutaainy 24 42 Tuamsy 5.86 + 4.4 nSunesu

A 9o

, - 4 . .
Arhefdnsaumsfing 20 aulinanersaniwueaiiola (F1unan ISN/RPS classification 2003) [37]
A v Y v a g 9 o o w o [
M lany class 11l IV wag IV+V aadludeeas 20, 55 wag 25 (314731 4, 11 4ag 5 AW)MNaaY § 115
a z&l S A . . . . ' 9
ANNFULTIVBINENT AN nveiie ln Inunaesves activity index 1ag chronicity index 1910 12.06 +
o w 9 A Y = Yo o %

4.84 1ag 2.83 + 2.06 Mud1AY 90%v03hefiiiammsAny 1aSue1 mycophenolate dmsuns
§n111u329 induction phase vzl 10% vorile 185081 mycophenolate 11151 maintenance

U o a g o o . '
treatment gies1uan 17 au (Aailudesaz 85 ) T1lszians 1d5ue cyclophosphamide nnou i
qihesau 14 auldSuer mycophenolate mofetil (MMF) wagfigilesiuau 6 au'ldsuen enteric-

. Al A Yo == = A
coated mycophenolate sodium (EC-MPS) diheiidsamsanmnau lullensuaasvesnunios
91 o & Yo A o = . . 1 4 a
Athesuau 17 audalasumamzideansrnmsinanuuesduiia1ves serum bilirubin oglumnmaiilng

A = 1Y . lo = d‘ [ K% [ [ A =
uad1elszauYeY serum albumin MUAURANING 2.74 + 0.79 g/dl MEWAINITTNBINIU 6 1AOUT
Y o Yo Qy ti’ A a a d” =
Aihetuau 10 919185 umamzsuiie lamelszitiuanuguusavosnensaninvewilo lanuanil
ARGV activity index 1Az chronicity index 110U 2.8 + 2.39 uaz 4.8 + 2.04 muday lifidihe

1 2 Y ' L. < 1 1 - {0 2 g
510 lanfimsiuduven serum creatinine 11U 2 1M1veA1 serum creatinine NnoUTUMI N IToYA

i’ Al = = [ A
wu;ﬂ;mmmg«;ﬂaammazmﬂﬂmumﬂumﬁm 1
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- v & Y
19191 1 !!ﬁﬂﬂm@?jﬁwu§1umﬂﬁﬂﬂﬁﬂ

gauls $1nufihe | Mean + SD.

NGRCITNEERE) 18:2 -

91y (1)) 20 32.50 + 7.47

Body mass index 19 21.9+£3.92

szeznaniiulsalasniaueaueas @) 20 7.07 + 4.65

SLEDAI-2K score 19 Median 16

Serum creatinine (mg/dl) 20 1.22 +0.55

eGFR (CG) (ml/min) 20 71.36 +£40.82

eGFR (MDRD) (ml/min/1.73 m2) 20 71.54 +£40.5

Serum albumin (g/dl) 19 2.74 £0.79

24 hour urine protein (gram/day) 20 586+4.4

Previous cyclophosphamide treatment 17 (85%)

Hemoglobin level (g/dl) 20 10.57 £1.78

White blood cell (cells/mm”) 20 8,710 + 4,649.41

Serum total bilirubin (mg/dl) 17 0.32+0.11

ISN/RPS classification

-class Il 4 (20%) -

-class IV 11 (55%) -

-class V + IV 5 (25%) -

Activity index (0-24) (RBUSNH1) 18 12.06 + 4.84

Chronicity index (0-12) (NOUTN11) 18 2.83 £2.06

Activity index (0-24) (MaasnwN) 10 2.8+2.39
10 4.8 +2.04

Chronicity index (0-12) (1a35n¥1)
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Indication for mycophenolate treatment

-Induction therapy 18 (90%) -
-Maintenance therapy 2 (10%) -

Average dosage of MMF (mg) per IBW 14 26.84 £5.9
(kgs.) 6 25.37 +7.19
Average dosage of EC-MPS per IBW 0

(kgs.)

Doubling serum creatinine (at 6 months)

eGFR: estimated glomerular filtration rate; MDRD: Modification of Diet in Renal Disease; CG:
Cockcroft-Gault formula; MMF: mycophenolate mofetil; EC-MPS: enteric coated mycophenolate

sodium

M3199 2 uaag pharmacokinetic parameters Y83 mycophenolic acid HENMINTHAVD I8N

mycophenolate figiad11431 20 51elady

Means £ SD.
MMF (N=14) EC-MPS (N=6)

C, (mg/L) 249 +£1.23 273 £1.46
C 5 (mg/L) 7.03+6.79 2.68 + 1.46
C , (mg/L) 17.06 £ 12.69 2.02+0.7

C, (mg/L) 6.5+£2.23 7.47 £ 5.83
C , (mg/L) 3.86+2.5 6.23 +4.85
C, (mg/L) 3.16 £2.04 3.59+1.98
C 4 (mg/L) 3.14 £ 2.11 292 +2.03
C ,, (mg/L) 245+ 1.78 213 +£1.54
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AUC ., (h*mg/L) 54.55 + 28.56 4244 +9.86

Cmax (mg/L) 18.08 £ 11.64 10.12+£ 513
(range: 4.81-41.4) (range: 4.22-18.59)

Tmax (hours) 1.57 £0.94 3.25+2.52
(median: 1) (median: 3)
(range: 0.5-4) (range: 0.5-8)

Dosage (mg.) 1,357.14 + 234 .4 1,260 + 197.18
(median 1,500) (median 1,260)

Dosage/ IBW (kg.) 26.84£59 25.37£7.19

MPA dose

MMEF: mycophenolate mofetil; EC-MPS: enteric coated mycophenolate sodium; C,: trough plasma

concentration of mycophenolic acid; C ., C,, C,, C,, C,, C; and C,,: plasma concentration of

0.5
mycophenolic acid at 0.5, 1, 2, 3, 4, 8 and 12 hours post dose respectively; AUC  ,,: area under
the concentration time curve of mycophenolic acid (0-12 hours); Cmax: maximal plasma

concentration of mycophenolic acid; Tmax: time to maximal plasma concentration of mycophenolic

acid; IBW: ideal body weight

NA51N 2 NUNTANUUANANYDY pharmacokinetics study 521121981 MMF Ltag 81 EC-MPS 1ad
FU15EMue MMF 52a1UU89 MPA concentration azliagaganilssuna 1 92153 (Tmax) vagiszau
. IS d' o v v d‘ '
Y93 MPA concentration dzliageganiszanm 3 91 Tuanenainissulszniuer EC-MPS Tagfian
Tmax Ye4 EC-MPS ¥ variation #1971 Tmax Y84 MMF ﬂ'”nqqqﬂmm MPA concentration (Cmax) Had
Yo A T . [ Yo g’; A Y Yo
185ue1 MMF Tisganaiangagaved MPA concentration nenasnis lasue1 EC-MPS nafifilae 1a5y

' ¥ v o o 1 . 1 @
ﬁumﬂ"umﬂmaumuﬂmiuﬂ?mm%ﬁ'@mnu n31LEAIA1 MPA concentration FIATIAA NI UAIIN

M35 sEMu MMF Meunue EC-MPS uaadsigazoenlugili 1
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51 1 nvluaasmives plasma MPA concentration & 13@1¢1199 Meraamssudszmuen

MMF uag EC-MPS
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Y . . o Y Y .
M131397 3 1aasA correlation coefficient ( r ) YBIANNFNWUFIZHINY MPA AUC 012 W18 clinical

Y1 o
outcomes Tudthed119u 20 51

Clinical Outcomes r (correlation p-value
coefficient)

msuldeuudadduinaTsdululaans 24 | 0.394 0.085
T4

-m3nfaountaslu eGFR (CG) 0.164 0.489
_msnlaoulasly eGFR (MDRD) 0.167 0.482
_msuldeuntaly activity index (N=10) 0.322 0.166
“msnldeuntaslu chronicity index (N=10) 0.310 0.184

eGFR: estimated glomerular filtration rate; CG: Cockcroft-Gault formula; MDRD: Modification of Diet

in Renal Disease

Y . . o Y .
M131397 4 ta@sA correlation coefficient ( r ) YBIANNFNWUEIZHINY MPA AUC 012 W18 clinical

outcomes Tugil e 1d5uen mycophenolate @1m3un155nuluga9 induction $1191 18 18

Clinical Outcomes r (correlation p-value
coefficient)
msfdeuadluiSneTsdululaans 24 $2Tue | 0315 0.203
“msulasunlaslu eGFR (CO) 0.108 0.668
-maasuuilasly eGFR (MDRD) 0.113 0.656
“msilaeuntaslu activity index (N=10) 0.269 0.281

eGFR: estimated glomerular filtration rate; CG: Cockcroft-Gault formula; MDRD: Modification of Diet

in Renal Disease
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MonaINs 1A5Ue1 mycophenolate w1u 6 1Ay UL oo UAUDIADNTS N [48] T1UIU 12 510 LT
9 o 1 1 Y] a9 o Yo Qy &' d‘ 1 [
EJI“IJ?EJ‘M‘H’J‘H 8 iWElvliJGIE]‘Uﬁu’ENGI@ﬂﬁiﬂH1 MEJ“IJ’JEH]TH?L! 10 iw"lmumimwuma‘lwﬂeumiiﬂm
v [ =) d’ = a 4@’ d' 1 []
HAZHVANNITINEIUIU 6 Lﬂ@umﬂllﬁEJ‘]JLT]EJ‘]Jﬂ’NiJguLLNEUE’NWEJ1‘ﬁﬁ’ﬂ1W511i’)\‘]LU’f)llﬁ AINATNN 3 ‘WiJ’J”I]lll
o o d 1 1 o { o
UANUAURUTIENI9AT MPA AUC . numist)aeuntlaslulsunaldsauludaanns 24 ¥aTug, s
= 1 . X . ¥ A a 9 axn . .
lasunasan estimated glomerular filtration NINUs2liuA1895 Cockeroft-Gault tta Modification of
; a 2 &
Diet in Renal Disease, maasuudaslu activity index tiag chronicity index YaIWeSANTNUDIFUIUD
o Yo A A o a d o v 1 J
11@]ﬂ1ﬂ1’ia\1ﬂ1§llﬂﬁ‘um mycophenolate U1H 6 DU LLAZINININITAUATIEUANNAUNUTIEHINNAT MPA

v ] ' P '
AUC ., numsnfasumlasianeaaiamazmanasunasmanesanmveiie lamwiz ludihen

0-12
[ o (% [ 1 . . ] @ v J 1 J

1&5ue1 mycophenolate d13uM35nE1luE29 induction linuanudunussznIa MPA AUC .,

o = @ ' VY] A 1 < A = 1 =

numsdeunilasues outcomes AsnarusunuaIaalua1s199 4 od1e lsnamuiionSeuiouanae

Y d' 1 [ (% EA d' 1 1 [ [ Yo

Y09 MPA AUC ., Tuiiheineuauesaemsinunudien luaouauesaenssnyivad lasueiuiu 6

wouludiesau 18 5160 185181 mycophenolate dmsumssnulusg induction filed

ADUAUBIADNITTNEITIUIU 11 510 (Jihes1u9u 3 S1euaz 8 1eRoUdLDIRENTSNEY Inedgsz oy

complete remission 118 partial remission Mua1AY) NAURTEYDI MPA AUC |, 11111 65.98 + 23.77

h*mg/L Badimganaunaeves MPA AUC ., Tunguiihed luaeuaussaemssnmsiuau 7 10l

@

AN 32.08 + 7.97 h*mg/L eg1ihisdnameana (p-value 0.002) ua hilinnuuana19uosuuIae

~ Yo 1 %‘ = 1 . ~ Yo 9 1 ~
lasuamimindauas lufianuana1sves mycophenolate preparations m"lmﬂuqﬂwmauaum

1 [ = % FA d‘ 1 1 [ = [ d'
G]’E)ﬂ”liiﬂ']elHlﬁ&mm&mﬂ‘ﬂl%‘lj']J’JEJVllliJG]E’J‘]JfTUE’NG]?)ﬂﬁiﬂHW 519azPeARULEAd 1UA15 19N 5
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3197 5 waaamsfSeuisuaundaves MPA AUC |, tazvinavesenitlasuaeiimiingalugihed

aovaueataz hinouaueInemMsSnEIMAINS 1A3DEN mycophenolate 1M 6 ABUMIHTUMISHEN

11924 induction

Variables Responders Non-responders p-value
(N=11) (N=7)
Mean MPA AUC  ,, 65.98 + 23.77 32.08 £ 7.97 (N=7) | 0.002
Mean dosage/IBW (N=11) 28.84 +5.05 (N=4) | 0.079
(kgs.) 27.69 + 5.85 (responders vs.
For MMF (N=12) (N=8) 31.51 +2.17 (N=3) non-responders)

Mean dosage/IBW

(kgs.)

For EC-MPS (N=6)

19.24 + 3.4 (N=3)

0.227 (MMF vs.

EC-MPS)

MPA: mycophenolic acid; AUC ,: area under the concentration time curve of mycophenolic acid

(0-12 hours); IBW: ideal body weight; MMF: mycophenolate mofetil; EC-MPS: enteric-coated

mycophenolate sodium

Athentinves MPA AUC ., gelinlef

Y]

A o ' T A
NAMNIDYNNU

< J

IFUANTTADUTUDIA

sd1nyNeana 1InA15190 6 wunGiheniian MPA

am3snuganNfieniianl MPA AUC

1 < 1 [ 4 U ' ]
AUC ,, iean1 30 h*mg/L TnleSisudnsaeuduenenssnu 0% wiedileliar MPA AUC ., 08

' ' 1 /3 ' o A
3211919 30-60 1ag ¥1NNI1 60 h*mg/L ﬁj’ﬂaaﬁnJ@iwuﬁmimuaumﬁamiiﬂmmmﬂu 60% Lay

o w 1 a3 1 v o U ' Y { Y1
100% mud1aY 0619 lsnaw luwuanudunussznaaues MPA AUC ., nuauiauesengig

1 sO‘ v o ?X’J | 1 v U {
Iasvatihminaanaludilen 1d5ve1 MMF naz EC-MPS auaaaluaisiehn 7
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d' Jd & d v v v Yo o I \l \
M1919N 6 ammgﬂaﬁmummmauauamamssnymm"lmum mycophenolate wumilu 3 L EUZREN N

w93 MPA AUC ,,, Tugiheduau 18 518 1a5uen mycophenolate @1m3un1353n#11ua39 induction

MPA AUC ,, (h*mg/L) Response rates Non-response rates
<30 (N=3) 0 3 (100%)

30-60 (N=10) 6 (60%) 4 (40%)

>60 (N=5) 5(100%) 0

p-value: 0.009

MPA: mycophenolic acid; AUC ,,: area under the concentration time curve of mycophenolic acid

(0-12 hours)

M13197 7 uaaem correlation coefficient (r ) 531319 MPA AUC ., 7 dosage/kg IBW ‘lué}ﬂ’aﬂ

11U 20 NaUEPMNFHAVBEN mycophenolate HIATY

Preparations N r p-value
MMF 14 -0.054 0.855
EC-MPS 6 -0.765 0.076

MPA: mycophenolic acid; AUC ,,,: area under the concentration time curve of mycophenolic acid
(0-12 hours); IBW: ideal body weight; MMF: mycophenolate mofetil;, EC-MPS: enteric-coated

mycophenolate
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Y . . e v v ¢ [
M13197i 8 amen correlation coefficient ( r ) HazA1 r* YINNNANWUEITHIN MPA AUC ,, DM

MPA figannaiaisq Tudihesuau 20 51efildSuen mycophenolate mofetil (MMF) %30 enteric-coated

mycophenolate sodium (EC-MPS)

Model r r p-value
C, 0.601 0.361 0.005
Cos 0.325 0.106 0.161
C, 0.858 0.736 < 0.001
C, 0.160 0.026 0.5

C, 0.178 0.032 0.452
C, 0.616 0.379 0.004
C, 0.712 0.507 < 0.001
C, 0.609 0.371 0.004

C,: trough plasma concentration of mycophenolic acid; C ., C,, C,, C,, C,, C, and C,,: plasma

concentration of mycophenolic acid at 0.5, 1, 2, 3, 4, 8 and 12 hours post dose respectively; AUC

1»- area under the concentration time curve of mycophenolic acid (0-12 hours)
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M3191 9 naasa r* lumslia MPA figanameglumsa3is model siovhinea MPA AUC ., Tu

fihen1A5uen MMF 30 EC-MPS $1121 20 518

Model Summaryf

Std. Error of the
Model R R Square |Adjusted R Square
Estimate
1 858" 736 721 13.10559
2 931" 867 851 9.56750
3 974° 948 938 6.16590
4 .985° 970 962 4.86776
5 989" 979 972 4.19025
a. Predictors: (Constant), C1
b. Predictors: (Constant), C1, C4
c. Predictors: (Constant), C1, C4, C8
d. Predictors: (Constant), C1, C4, C8, C2
e. Predictors: (Constant), C1, C4, C8, C2, CO

bl

Dependent Variable: AUC

1nm135197 8 Ao 185081 MMF %50 EC-MPS A1 plasma MPA concentration #1 1, 8 118 4 92T
v o o v A @ J o v !
WaImssulszmuetianuduiusanum MPA AUC ., Besdiauainuinliifes a151ei 9 lauaas
M3a319 model Aeepiio 191 plasma MPA concentration 1ganaaiee lumsiuen MPA AUC , .,
9 3’_, k) 1 . .. [ Y o 1 a’
wiounalauaasn correlation coefficient voauaaz model Tumslgiunen MPA AUC 012 MUBNIN

o o oA 1 @ a 4 v o J
81 MMF tag EC-MPS ﬁﬂﬂlﬁiJiJ&5]‘VINlﬂﬁ“]ﬁ]ﬂ'Ll?ﬂﬁ@]iﬁLL@]ﬂG\NﬂM%Q]lﬁ}LLEJﬂ’Jmﬁ1314?13111ﬁllWLlTJEU’rN
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plasma MPA concentration 13A11a18199 171 MPA AUC ., Tudtleh 185081 MMF g1 EC-MPS a4
1 U ] ] v J 1 . 1 1 @
paaelumsned 10 wun hiflinnudunusszyan plasma MPA concentration 191181019971 MPA
Y AY Yo ' v o o 1 . A
AUC,, “lugjﬂaﬂw'lmmn EC-MPS UanuaNNaunussc 1IN plasma MPA concentration 13at3a1
[ Y
a1 lagmwiz C,, C,, C, uaz C, nu MPA AUC ., Tudihen1d5uen MMF uenaniilduaaanmsai
1 A Y o ' Y AY Yo v 9 Al o
model @i lgvinear MPA AUC ., Tudihei 185001 MMF Tagordedeyasindilieduou 14
Y 1 1

510 WounauaaIn correlation coefficient voauaaz model 13lums1eh 11 wunaundeves C, uag

Y1 d’ 1 [ a0 1 FA d' ] 1 [ ] =% o % an
c, ludihenaesaussaomssntiarganiludihen liaeuaussremssnuedsiiiediagynedda

Tudihen 185001 MMF dmsumssnenlugag induction Asaasluaisied 12

v
=

Y . . . LYV (v}
M15199 10 HaA9M correlation coefficient ( r ) YBIANNENWUFIZHII MPA AUC ,, H A1 MPA 7iga

rmwhammnmu%ﬁwmmmﬁ"lﬁ%’uﬁa Mycophenolate mofeti (MMF) ttag enteric coated mycophenolate

sodium (EC-MPS)

Models MMF (N=14) p-value EC-MPS (N=6) | p-value
C, 0.828 0.000 -0.083 0.876
C s 0.284 0.324 -0.186 0.724
C, 0.925 0.000 -0.048 0.928
C, 0.321 0.262 0.178 0.736
C, 0.326 0.256 0.441 0.382
C, 0.728 0.004 0.481 0.334
C,q 0.82 0.000 0.299 0.564
C,, 0.644 0.012 0.525 0.286
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MPA: mycophenolic acid; AUC ,,: area under the concentration time curve of mycophenolic acid
(0-12 hours); C,: trough plasma concentration of mycophenolic acid; C ., C,, C,, C,, C,, C; and
C,,: plasma concentration of mycophenolic acid at 0.5, 1, 2, 3, 4, 8 and 12 hours post dose

respectively

Mms19h 11 uaasa r* Tumsldian MPA figanaiiisqlumsa3is model iiieshinea MPA AUC, ,,lu

Aiheilasuen MMF $119u 14 51

Model Summary

Change Statistics

R Square F

Change [Change [df1| df2 | Sig. F Change

1 |.925° | .856 844 111.28691 .856 71.262 | 1] 12 .000
2 |.964" | .929 916 8.27900 .073 11.304 (1] 11 .006
3 |.987°| 974 .967 5.21529 .045 17720 (1| 10 .002

a. Predictors: (Constant), C1
b. Predictors: (Constant), C1, C4
c. Predictors: (Constant), C1, C4, C8
MPA: mycophenolic acid; AUC ,,: area under the concentration time curve of mycophenolic acid
(0-12 hours)
m3fIumAT MPA AUC, ., Taeldgasiiadannanududuves MPA & ganaie 1un
1. Predicted MPA AUC,,, = 19.035 + 2.082 x C,
(r=0.925, " = 0.856, adjusted r’ = 0.844, p-value <0.001)

2. Predicted MPA AUC,, = 11.472 + 1.691x C, + 4508 x C,
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(r=0.964, r" = 0.929, adjusted r = 0.916, p-value <0.001)

3. Predicted MPA AUC,, = 7.517 + 1.261 x C, + 4.056 x C, + 4.052 X C,

(r =0.987, 1’ = 0.974, adjusted I’ = 0.967, p-value <0.001)

d‘ = ! d’ Y Ad' | \ U
M9 12 uaasmalSeuneunmagves C, uazC, 1%@1J321‘nmuaumuaz"lumuaummmﬁmen

Meraans1asuen MMF 111 6 1houd1mSunssnluyig induction

Variables Responders (N=8) Non-responders p-value
(N=4)

Mean C, (mg/L) 24.48 + 11.82 5.96 + 3.93 0.014
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infection
2 10% 1
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M35199 14 naaennuynvesgenlianuainiatevesgluuutu UGT1A9%22

ANHAUTNNWUFNTTY UGT1A9*22 mmﬂ;ﬂﬁwﬂuﬁﬂaﬂ
T9/T9 6 (15%)
T9/T10 17 (42.5%)
T10/T10 17 (42.5%)
@niwﬁ' 15 ueA3 pharmacokinetic parameters Y83 mycophenolic acid ﬁlﬁ}ﬂaﬂﬁm’m 40
5101851
sduenfinadg Means + SD.

C, (mg/L) 264 +1.71

C,. (mg/L) 10.02+8.26

C, (mg/L) 12.54 + 10.31

C, (mg/L) 8.17 £ 6.00

C , (mg/L) 4.32 +2.89

C, (mg/L) 3.13+1.87

C 4 (mg/L) 295+ 2.28

C ., (mg/l) 2.36 + 1.41

AUC ., ("mg/L) 49.97 + 2455
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Cmax (mg/L) 15.70 £ 8.29

Tmax (hours) 1.37 £0.92

Dosage (mg.) 1,514.28 + 410.98
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Table 16 Characteristic of Thai patients with Rheumatologic disease.

ing Nopparatrajchatanee
Demographic of subjects Chulalongkorn Total
hospital
Memorial hospital
Gender (males/females) | -/40 1/71 1112
Age 34.41+£ 10.96 40.66 £14.94 38.45+13.92
(Mean+ SD, range; yr) (20 - 65) (13-76) (13 -76)
Weight 55.569 + 9.09 54.73 £ 10.01 55.05 + 9.62
(Mean + SD, range; kQ) (43.6 — 84.2) (40-77) (40 — 84)
Dose(mg) /kg/day 1.47 + 0.46 1.53 £ 0.55 1.51+0.52
(Mean + SD, range; mg) (0.77 = 2.29) (0.65-2.5) (0.65-2.5)
Dose(mg) /kg/day 1.53 1.56 1.78
(Median, mg)

A1519% 17 Genotype and allele frequency for TPMT*3C polymorphism at position 719 A/G, exon 10

in Rheumatologic disease patients.

King
Nopparatrajchatan
Genotyping Chulalongkorn Total
ee hospital
Memorial hospital

G/G 0 (0.0%) 0 (0.0%) 0 (0.0%)
(TPMT*3C/*3C)

A/G (TPMT*1/*3C) | 4 (3.57%) 4 (3.57%) 8 (7.14%)

A/A (TPMT*1/%1)

36 (32.14%)

68 (60.72%)

104 (92.86%)
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LN o

M319i 18. guiamsal lumsamsnansinauueslunszgn (myelosuppression) onf3suiisungu

Sld'dw @ 1 [
ﬂl!]lsll HANHUSNNAUTNTIULANANNY

TPMT genotype

AZA-induced myelosuppression in SLE patients

Missing

Total

Leucopenia Neutropenia
*1/1 (wild type)(N) 2 (63.0%) 1(3.1%)
*1/*3C (N) 3 (75.0%) 2 (50.0%)
Total 5(13.89%) 3(8.33%)
p-value 0.005 0.027
Odd ratio 45 1 31 1M

4 (11.11%)

0 (0.00%)

4 (10.0%)

36

4

40

(95%Cl 3.092 - 654.900, p = 0.000) (95%Cl 1.896 — 506.771, p = 0.000)
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CHAPTER IV

Hypomethylation of LINE-1 but not Alu in lymphocyte subsets
of systemic lupus erythematosus patients
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Hypomethylation of LINE-1 but not Alu in lymphocyte subsets of systemic lupus
erythematosus patients

Jeerawat Nakkuntod , Yingyos Avihingsanon, Apiwat Mutirangura, Nattiya Hirankarn

ABSTRACT

Background: T lymphocytes from SLE patients have a global decrease in the 5-methylcytosine
content.Previous studies have identified hypomethylation in the promoter of several genes but there

is limited studyin the interspersed repetitive sequences (IRSs).

Methods: We examined and compared the methylation levels of long interspersed nuclear element
1 s (LINE-1)and Alu elements in normal and SLE CD4+ T lymphocytes, CD8+ T lymphocytes and B
lymphocytes by thecombined bisulfite restriction analysis-interspersed repetitive sequences

(COBRA-IRS).

Results: Hypomethylation of LINE-1 but not Alu was found in CD4+ T lymphocytes, CD8+T
lymphocytes, and Blymphocytes of SLE patient (P=0.005, 0.002, and 0.007, respectively).
Moreover, when the SLE patients weredivided into active and inactive groups, LINE-1
hypomethylation was more significantly distinguished in bothCD4+ and CD8+ T lymphocytes of
patients from the active SLE group when compared to the controls.Surprisingly, Alu
hypomethylationwas also observed in CD8+ T lymphocytes fromthe inactive SLE

groupwhencompared to the normal controls (P=0.0056).

Conclusions: The hypomethylation in each lymphocyte subset of SLE was IRSs specific, mainly

found in LINE-1rather than Alu.
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1.INTRODUCTION

Systemic lupus erythematosus (SLE) is a detrimental autoimmune disease that produces
various antibodies against the person's own cells, organs and body. The effects of SLE on selected
organs and cells can cause death or seriously reduce a person's quality of life. Even though there
are many studies investigating the pathogenesis of SLE, but it is uncertain what exactly causes the
disease, whether it's environmental, genetic or other unknown factors. Some have suggested that
epigenetic changes may contribute to the pathogenesis of SLE. Several studies have shown a
reduction of 5-methylcytosine contentin T lymphocytes from SLE patients [1,2]. These
hypomethylation were associated with decreasing Dnmt1 mRNA levels [3-5]. Moreover, the
adoptive transfers of 5-azacytidine or procainamidetreated T lymphocytes to syngeneic recipient
mice caused a lupus-like disease [6,7]. Therefore, CD4+ T lymphocytes hypomethylation has
been hypothesized to be a major contributor to the development of SLE by affecting some
important genes. For instance, the CD4+ T lymphocytes autoreactivity was found to be partly due
to an overexpression of the adhesion molecule lymphocyte functionassociated antigen 1 (LFA-1),
perforin and CD70. The increased expression of these genes in CD4+ T lymphocytes observed in
SLE patients was related with demethylation at the promoter sequence [8-10]. In addition, the
overexpression and demethylation of CD40LG located in chromosome X was found only in CD4+ T
lymphocyte from female with SLE. This result raises a question that demethylation in X inactivation
chromosome may be an important factor result in highly incidence of SLE in female than male [11].
Besides the CpG-rich sequences within genes, most of the methylated cytosines can be found in

the interspersed repetitive sequences (IRSs) [12,13].

Human genome contains approximately 41% of IRSs [14], which can be divided into, the
non-LTR and LTR retroelements [15]. Two high copy numbers of non-LTR retroelement are long
interspersed nuclear elements (LINEs) (20.1%) and short interspersed nuclear elements (SINEs
e.g. ALU) (13.1%) [14]. While, the maijority of LTR retroelements is human endogenous retroviruses
(HERVSs) (8.2%) [14]. Presently IRSs are not “junk DNA” because they affect the human genome in
many way including generating insertion mutations, genomic instability and altering gene

expression [16]. Normally, IRss were inactivated by DNA methylation processes. Therefore,
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changes in IRSs methylation should alter cellular functions. A number of studies have reported the
hypomethylation of LINE1 and Alu in cancer cells [17-22] and hypomethylation of Alu but not

LINE1 in peripheral mononuclear cells (PBMCs) of aging process [23,24].

So far there is limited information about methylation profile of IRSs in SLE. One recent study
conducted in twins and sibling pairs discordant for SLE attempted to identify the region within the
genome where DNA methylation has become aberrant. They reported a significant reduction in
methylation of 18S and 28S ribosomal genes but no other differences were detected in non-LTR
retrotransposons such as LINE-1, Alu, satellite 2 repeats, NBL2 and D4Z4 non-satellite
subtelomeric repeats methylation levels [5]. However, they used mixed WBCs to detect the
methylation changes in certain genes or regions. DNA methylation are cell-type specific and
requires investigations of each cell type individually. Aside from this one study, there is scarce
information on the location and correlation of hypomethylation to the exact patho-etiology of SLE.
Therefore, in this study, we investigated the methylation status of LINE-1 and Aluin CD4+ T

lymphocytes, CD8+ T lymphocytes and B lymphocytes in SLE patients and normal controls.

2. MATERIAL AND METHOD
2.1. Patients

Twenty-three patients with SLE were recruited from King Chulalongkorn Memorial Hospital
(Table 1). SLE patients with at least 4 of the American College of Rheumatology (ACR) criteria for
the classification of SLE were enrolled into the study. Disease activity was assessed by the
Systemic Lupus Erythematosus Disease Activity Index 2000 (SLEDAI-2K) [25]. Inactive disease
(n=9) was defined as SLEDAI-2K scoreS4 whereas active disease (n=14) had to have SLEDAI-2K
scoreN4. Ten healthy female volunteers with no history of any autoimmune disease served as
normal controls. The average age of the inactive SLE, active SLE and normal control was 30+7.1,
31.4+7.7 and 28.2+1.9, respectively (mean+SD). Informed consent was obtained from each patient

before entering the study. The trial was approved by the Institutional Review Board of the Faculty of
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Medicine, Chulalongkorn University, Bangkok, Thailand. Table 1 Patient demographics and

medications.

Table 1 Patient demographics and medications.

2.2. Cell isolation PBMCs were isolated by Ficoll-Hypaque density-gradient centrifugation.

B and T lymphocyte subsets were isolated by magnetic beads. First, B lymphocytes were
isolated from PBMCs by positive selection using Dynabeads CD19 (Pan B) (Dynal Biotech;
Invitrogen). After B lymphocytes were collected, negative flow through was used to isolate T
lymphocytes by negative selection using Dynal T Cell Negative Isolation Kit Ver Il (Dynal Biotech;
Invitrogen). Cells from the second negative flow through were used to isolate CD4+ T lymphocytes

by positive selection using Dynal CD4 Positive Isolation Kit (Dynal Biotech; Invitrogen). Cells from
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the third negative flow through, unbound cells or non-CD4+ T lymphocytes, were collected. The
purity of the different cell types was evaluated by flow cytometry. The purity of CD3+ CD4+ T
lymphocytes was more than 98%. Approximately 80% of the cells from the non-CD4+ T lymphocyte

fraction were CD3+ CD8+ T lymphocytes. These cells were referred to as CD8+ T lymphocytes.

2.3. Combined bisulfite restriction analysis (COBRA) DNA was extracted from collected cells by

using a salting out method [26].

Bisulfite conversion of DNA was performed using the EZ DNA methylation kit (Zymo
Research), according to the manufacturer's protocol. Global assessment of LINE-1 and Alu was
performed by the combined bisulfite restriction analysis-interspersed repetitive sequences

(COBRA-IRS) as previously described [18,24].
2.4. Statistical analyses

Statistical significance was determined by applying an independent sample t-test.
Pearson's correlation coefficientwas used to examine the relationship between two continuous

variables. All analyses were performed using SPSS, version 11.5 (SPSS Inc., Chicago, IL).

3. RESULTS

3.1. Differences in DNA methylation levels for LINE-1 and Alu betweenCD4+, CD8+ T lymphocytes

and B lymphocytes from SLE patientsversus normal controls

We compared methylation levels in different lymphocyte subsets from both SLE patients
and the control group. Our study showed that SLE patients have hypomethylation of LINE-1 in
CD4+, CD8+ T lymphocytes, and B lymphocytes when compared to normal controls (P=0.005,
0.002, and 0.007, respectively) (Fig. 1A). However, there were no differences in methylation profile

for Alu between SLE patients and the normal controls for any lymphocyte subsets (Fig. 1B).
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3.2. Changes in LINE-1 and Alu methylation levels in SLE patients according to disease and

clinical parameters

Methylation levels of retroelements were correlated with white blood counts, %
lymphocytes, platelet counts, anti-dsDNA and antinuclear antibodies titer, complement activity
(CH50) and quantitative complement levels (C3) (Table 2). There were no significant correlations

between methylation levels of LINE-1 and Alu to any of the clinical parameters studied.

However, when we divided SLE patients into active and inactive groups based on their
SLEDAI-2K score, hypomethylation of LINE-1 was significantly observed in B lymphocytes from
both groups (P=0.0304 and P=0045, respectively) (Fig. 1C). The hypomethylation in the active
SLE group for CD4+ and CD8+ T lymphocytes was significantly different when compared to the
normal controls (P=0.0028 and 0.0032, respectively). Among the inactive SLE group, a trend of
hypomethylation in CD4+ and CD8+ T lymphocytes was observed when compared to the normal
controls (P=0.1054 and 0.1057, respectively) but this was not statistically significant (Fig. 1C).
There were no significant differences of LINE-1 and Alu methylation in CD4+, CD8+ T lymphocytes
and B cell between inactive and active SLE (for LINE-1: P=0.33, P=0.056 and 0.97, respectively, for
Alu: P=0.51, P=0.14 and 0.41, respectively). Surprisingly, Alu hypomethylation was detected in
CD8+ lymphocytes from the inactive SLE group compared to the normal controls (P=0.0056) (Fig.
1D).
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Figure. 1. DNA methylation levels in SLE CD4+ T cells, CD8+ T cells, and B cells compared to

normal control of (A) LINE-1 and (B) Alu were shown in Mean+SEM. In addition, the methylation

levels of (C) LINE-1 and (D) Alu in active and inactive SLE CD4+ T cells, CD8+ T cells, and B cells

compared to normal control were shown in Mean+SEM. P-value calculated by unpaired t-test two-

tailed analysis.

Table 2 Correlation between DNA Methylation levels with clinical characteristics.

White blood % Lymphocytes Platelet counts Anti-dsDNA ANA titer CHS0 C3 level
counts (20,84 2.02) (252,587 + titer (1657 £383.7) (20.9+23 (77.6+5.9
(6755 586.5 22447 (131.4+60.3) U/ml) mg/dl)
cellsfmm?) cells/mm?)
r p-value r p-value r p-value r p-value r p-value r p-value r p-value
LINE-1 CD4+ T cells 072 043 0.66 0.62 0.77 - 0.93 - 038
008 0.18 0.10 0.12 0.06 0.02 0.19
CD8+ T cells 010 080 0.27 - 0.74 0.49 - 0.78 - 069
036 0.05 0.25 0.07 0.15 0.06 0.09
B cells 037 041 - 0.87 - 0.31 - 0.99 - 0.22 - 046
020 0.18 0.04 0.22 0.00 027 0.16
Alu CD4+ T cells 021 - 071 0.20 - 0.57 0.92 0.21 027
031 0.09 0.33 0.14 0.02 030 0.27
CD8+ T cells 080 - 048 - 0.54 0.91 - 0.51 - 0.41 - 036
0.06 0.18 0.16 0.03 0.16 020 0.22
B cells - 071 029 - 0.95 - 0.52 0.88 - 0.97 0.89
010 0.27 0.02 0.16 0.04 001 0.03

Relationship was calculated by Pearson's correlation (r) coefficient test.

Numbers in the parentheses indicate mean+SEM.
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4. DISCUSSION

The exact patho-etiology of SLE is unknown. Many studies have suggested the potential
role of IRS to regulate cellular functions. Therefore, hypomethylation of these retroelements may
affect cellular gene expression and contribute to the pathogenesis and activity of SLE. Studies
have shown that treating normal lymphocyte with 5-azacytidine can reactivate IRS transcript
(HERV) [27] and some IRS (LINE-1 and HERV-E transcripts)were detected in patientswith SLE
[28,29]. As a result of this, it was hypothesized that the upregulation of LINE-1 or HERVwas likely to
have resulted from demethylation of these IRS sequences but there was no direct evidence to
support this. Our study is the first of its kind to ascertain the location of DNA hypomethylation of
IRS in each lymphocyte subset in patients with  SLE by using a relatively new technique known as
the COBRA-IRS instead of pyrosequencing.

For this study, we opted not to use pyrosequencing. The reason for this is because the
COBRA-IRS can detect methylation of thousands of CpG loci by just using one set of conserved
primers for each IRS. Aside from that, we have validated this method by comparing it to
pyrosequencing and found that IRS-COBRA was very accurate and reliable [24]. We have
previously tested the IRS-COBRA in normal controls, cancer patients and the elderly populations.
Our results for LINE-1 and Alu methylation were the same to those studies using the
pyrosequencing technique. In cancer cells, LINE-1 and Alu were detected by using both IRS-
COBRA and pyrosequencing methods [18,30,31]. Once again in the PBMCs from the aging
population, the hypomethylation of Alu was detected from both procedures [24].

It was hypothesized that the hypomethylation in aging might contribute to the pathogenesis
of autoimmune diseases in elderly [32]. However, there was no significant difference of Alu
methylation in different lymphocyte subsets of SLE patients. This may be due to the different
pathogenesis seen in both groups. SLE, unlike in the aging population, predominantly develops in
the younger age group. Itis also possible that there may be other unknown factors aside from
genetics and environment that may selectively influence certain IRS type. However, when we
looked at the results obtained from the active, inactive SLE groups and normal controls, we noticed
that Alu hypomethylation was significantly prominent in CD8+ lymphocytes of the inactive SLE

group. Future studies are warranted to confirm the existence of Alu hypomethylation in CD8+ T
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lymphocytes of patients with inactive SLE as well as investigate the functional consequences of
Alu methylation.

In contrast with the results observed from the SLE twin discordant study [5], we detected
significant hypomethylation changes in LINE-1 repeats in CD4+, CD8+ T and B lymphocyte
subsets from patients with SLE when compared to normal controls. This discrepancy may be
attributed to the WBCs that they had used to detect hypomethylation whereas in our study, we had
separated our cells into CD4+, CD8+ T and B lymphocytes. Even though we were not able to
detect Alu hypomethylation, but we were able to observe LINE-1 hypomethylation in the active
group for both CD4+ and CD8+ T lymphocytes. This methylation was significantly distinct when
compared to normal controls. We were concerned that medications can be responsible for DNA
hypomethylation. However, most of SLE patients in this study received steroid treatment. So,
hypomethylation in SLE patients is not seemed to be the effect of medications as previously
described [1,4]. Our result corroborates previous reports that T lymphocytes from active lupus
have a reduced number in the total deoxymethylcytosine content [2]. This observation is correlated
with the decreased DNMT transcripts and decreased ERK phosphorylation in T lymphocytes upon
stimulation [2,3]. Our results suggest that the methylation of LINE-1 may contribute to the global
hypomethylation in T lymphocytes of patients with active SLE. Future studies are in the works to
look at LINE-1 transcripts in correlation with LINE-1 hypomethylation.

Although we do not know the significance of these observations, there are a number of
possible consequences that can occur from the hypomethylation of LINE1. For example, it was
recently suggested that the increased expression of LINE-1 transcripts in lupus patients could be
the inducer of IFN type | [29]. Moreover, hypomethylation of these retroelements may affect
expression or alternative splicing of cellular genes. For example, recent study showed that
hypomethylation of a specific LINE-1 promoter can induce alternative transcript of MET oncogene
in bladder tumors [33]. The identification of those affected genes might lead to the new mechanism

that contributes to SLE pathogenesis.
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CHAPTERV

Genome-wide scanning for SLE disease using SNP microarrays
and pooling approach
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Expression profile of HIN200 in leukocytes and renal biopsy of SLE patients by
real-time RT-PCR

| Kimkong, Y Avihingsanon and N Hirankarn

ABSTRACT

HIN200 is a human IFN-inducible gene and homologous to murine IFI202 gene, which was
identified as a candidate gene for SLE susceptibility in lupus mouse model. We determined these
gene expressions in leukocytes from 20 SLE patients and 10 healthy controls and in renal biopsies
from 29 SLE patients and 15 kidney donors using sensitive real-time reverse transcriptase—
polymerase chain reaction (RT-PCR). The expressions of MNDA, IFIX, IFI16 and AIM2 genes
significantly increased in leukocytes but not in kidney biopsies from SLE patients as compared to
the control individuals, with P = 0.0003, P = 0.0056, P = 0.0002 and P < 0.0001, respectively. We
also assessed the expression profiles of IFIX and IFI16 isoforms using semi-quantitative RT-PCR.
We found up-regulation of B isoform (short product) of IFI16 in SLE patients. In addition, the
expression levels were analyzed in correlation with disease activity and clinical characteristics.
Interestingly, higher expression ofMNDA was observed in patients who were positive for anti-
dsDNA antibodies than in patients who were negative (P = 0.0276). In conclusion, it is suggested
that the HIN200 genes have a role in SLE pathogenesis. Our study also observed a possible
important role of a specific short isoform of IFI16 as well as a link between MNDA and anti-dsDNA

antibody production.
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INTRODUCTION

MNDA (myeloid nuclear differentiation antigen), IFIX (IFN-inducible protein X), IFI16
(interferoninducible protein 16), and AIM2 (absent in melanoma 2) are a group of IFN-inducible
genes in human, whose products belong to haematopoietic interferoninducible nuclear protein with
200 amino acid repeat (HIN200) gene family.(1) They are homologous to IFI200 in mouse in which a
subset of genes within this family namely ifi202 was identified as a susceptibility gene in lupus
mouse model.(2-4) However, physiological properties of this IFN-inducible gene group and its role
in systemic lupus erythematosus (SLE) pathogenesis are still not clearly understood.(2) Most in-
vitro studies suggested that these IFN-inducible genes play a role in regulating cell survival and
apoptosis; thus, it was hypothesized that overexpression of ifi202 genes in immune cells of the
B6.Nba2 congenic mice is associated with defects in T and B cell apoptosis.(5) There is less
information on human homologues (HIN200) in SLE pathogenesis. Most studies focused on IFI16
protein since a number of SLE patients developed high titre autoantibodies to IFI16 protein,
suggesting a role of IFI16 in SLE pathogenesis.(6) Although some studies reported an increased
level of IFI16 mRNA in PBMCs or leukocytes from SLE patients, (7,8) the up-regulation of other
genes within HIN200 are not striking and variable results in IFI16 expression exist in the SLE
patients.(9-12) However, most information came from microarray results. There are limited
information on IFI16, MNDA, IFIX and AIM2 gene expression in SLE by a rather highly sensitive
assay than microarray such as real-time reverse transcriptase—polymerase chain reaction (RT-PCR)
and no report of any correlation between their expression levels with the patients’ clinical
manifestation and disease activity. In the present study, we examined MNDA, IFIX, IFI16 and AIM2
gene expressions in leukocytes by real-time RT-PCR and correlate expression levels with clinical
characteristics and SLE Disease Activity Index 2000 (SLEDAI-2K) scores. It is likely that the
difference in expression might be limited to particular isoform. Therefore, we also performed an
expression analysis of IFIX and IFI16 isoforms (O and B for IFIX; A, B and C for IFI16) in SLE
patients compared with healthy controls.

Moreover, gene products of these four genes have been detected in other tissues and

organs other than haematopoietic cells.(13-17) Lupus nephritis (LN) is one of the most severe
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complications in SLE; thus, the expression of these four genes in renal biopsy tissues from LN

patients was also studied using quantitative real-time RT-PCR.

MATERIALS AND METHODS

Subjects

For expression study in leukocytes (buffy coat), 20 Thai SLE patients and 10 ethnically
matched healthy controls were recruited. All SLE patients fulfilled the diagnostic criteria of the
American College of Rheumatology (ACR).(18) For expression study in renal biopsies, 29 SLE
patients underwent renal biopsy for diagnostic evaluation during 2002-2005. All patients have been
diagnosed with SLE according to ACR criteria and have had at least one of the following criteria for
renal involvement: a total urinary protein level ofmore than 0.5 g/day, an increment of serum
creatinine levels of more than 0.5 mg/dL during the 1-month follow up or presence of pyuria,
haematuria or urinary cast by microscopic examination. Only kidney biopsies of WHO class Ill and
IV glomerulonephritis were included in the analysis. The control group consisted of 15 kidney
samples from implantation biopsies after reperfusion of kidney allografts. Inclusion criteria were
living or deceased donors with normal serum creatinine levels and donor age of less than 55 years.
The kidney samples from patients with delayed graft function or prolonged ischemia time were
excluded.(19)

All subjects were approved by the Ethic Committee for Human Research of the Faculty of
Medicine, Chulalongkorn University, and written informed consents were obtained from all patients.

Demographic characteristics of SLE patients and healthy controls are shown in Table 1.

RNA isolation and cDNA synthesis

Total RNA from buffy coat and renal biopsy specimens were extracted by RNeasy mini kit
(Qiagen, Chatworth, California, USA) according to the instruction of manufacturer. A 0.25 Ug
sample of total RNA was reverse transcribed into complementary DNA (cDNA) using Tagman™
Reverse Transcriptase Reagent (Applied Biosystems, Roch Molecular Biochemical, New Jersey,

USA). All RNA and cDNA samples were stored at —70 °C before use.
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Table 1 Demographic characteristics of SLE patients and healthy controls

Quantification of mMRNA

A real-time RT-PCR assay was used to quantify target gene transcripts using 18SrRNAas an
endogenous control.(20) To avoid genomic DNA amplification, primers used in this study were
designed to span intron—-exon boundaries as follows: MNDA forward 5
GGAAGAAGCATCCATTAAGG-3"; MNDA reverse 5'-GTTTGTCTAGACAGGCAAC-3'; IFIX forward
5'-GAGACTGGAACCAAAAGG-3"; IFIX reverse 5-CGCGATTATTGGGTCTTC-3"; IFI16 forward 5 '-
CTGCACCCTCCACAAG-3'; IFI16 reverse 5-CCATGGCTGTGGACATG-3",AIM2 forward 5'-
CAGGAGGAGAAGGAGAAAGTTG-3"; AIM2 reverse GTGCAGCACGTTGCTTTG-3'. PCR
amplification was performed with 2x QuantiTect SYBRGreen PCR Master Mix with 0.5 UM primers,
16 ng cDNA and nuclease-free water according to the manufacturer’s protocol (Qiagen). PCR
conditions included an initial activation at 95 °C for 15 min, denaturation at 95 °C for 15 s, annealing
at 55-58 °C for 30 s and extension at 72 °C for 30 s followed 40-50 cycles of repeating. The mRNA
levels were measured by a Light Cycler machine (Roche Molecular Biochemicals, Indianapolis,
Indiana). mRNA levels were expressed as threshold cycle (CT) and used comparative CT method
for analysis. For relative quantification, the expression target genes were normalized by expression

of 18S rRNA. The amount of targetwas calculated by o—AAcT.
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Expressions of IFIX and IFI16 isoforms were semiquantified by conventional RT-PCR using
the following primers; 5'GGAACAGAGTCAGCATCC and 5’ GTTATTTGATATCCTTGTCC for IFIX13;
5' CATCTTCGGACTCCTCAG and 5' GTTCAGCACCATCACTTC for IFI116. The PCR conditions
consisted of an initial denaturation at 94 °C for 5 min, followed by 30 cycles of denaturation (94 °C,
30 s), annealing (60 °C for IFIX gene, or 62°C for IFI16 gene, 30 s), extension (72 °C, 30 s) and final
extension at 72 °C for 7 min. Amplification was performed in PerkinEImer/GeneAmp PCR system
2400. The PCR products were loaded in 1.5% Tris-acetate agarose gel and analyzed using
electrophoresis containing Tris acetate buffer at 100 V for 40 min followed by 50 M g/ml of ethidium
bromide staining. The density of product bands was semiquantified using software of Gel DocTM

MZL (BIO-RAD).

Statistical analysis

The mRNA levels were expressed as logtransformation. The Mann-Whitney U test was used
to compare data between two groups with GraphPad Prism, version 4.0 software (Graph-Pad
Software, San Diego, California, USA). A P-value of <0.05 was considered as statistical
significance. Correlations of mMRNA expression levels with clinical characteristics of SLE and

SLEDAI-2K scores were determined using Spearman’s rank correlation coefficient.(21)

RESULTS

Increased expression of IFN-inducible genes in leukocytes from SLE patients

The MNDA, IFIX, IFI16 and AIM2 gene expressions in leukocytes from 20 SLE patients and
10 normal controls were determined by quantitative real-time RT-PCR. Their expression levels were
compared between normal controls and SLE patients. As shown in Figure 1A-D, the expression
levels of all four genes in SLE patients were significantly higher than those in the normal controls
with P = 0.0003, P = 0.0056, P = 0.0002 and P < 0.0001, respectively.

In addition, we measured the relative amount of IFIX and IFI16 isoforms in leukocytes from

SLE patients and normal controls. In this study, B isoform (short product) of IFI16 was found
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elevated in SLE patients as compared to control individuals (P = 0.0235) (Figure 2B). For IFIX

isoform, there was no significant difference among the two groups (Figure 2A).
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Figure 1 Comparison of IFN-inducible gene expressions in leukocytes from 10 normal controls and
20 SLE patients. Relative expression levels of MNDA, IFIX, IFI16 and AIM2 genes are shown in (A),
(B), (C) and (D), respectively. 18S rRNA was used as endogenous control. Each symbol represents

an individual sample and horizontal lines show median values.

Increased expression of MNDA is related with anti-dsDNA autoantibody in SLE

We determined correlations of mRNA expression levels of all four genes with SLEDAI-2K
scores and clinical characteristics of SLE using Spearman’s correlation analysis. We did not find
any correlation of IFIX, IFI16 and AIM2 gene expression with scores of SLEDAI-2K and other clinical
characteristics of SLE such as antinuclear antibody titre, anti-dsDNA autoantibody titre,
complement C3, C4, CH50 level, mucocutaneous manifestation, musculoskeletal manifestation,

haematological manifestation, and renal manifestation (data not shown). Interestingly MNDA gene
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expression significantly correlated with anti-dsDNA autoantibody titre (r = 0.4982 and P = 0.0254;
Figure 3D). Higher MNDA expression level was significantly found in SLE patients who were
positive for anti-dsDNA autoantibodies than patients who were negative (P = 0.0276; Figure 3E).
Nevertheless, we did not find any correlation between MNDA gene expression with scores of

SLEDAI-2K and other clinical characteristics of SLE (Figure 3).
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Figure 2 Comparison of IFIX and IFI16 isoform expressions in leukocytes from 10 normal controls

and 20 SLE patients. (A) The ratio of IFIX isoforms (G/ﬁ); (B) the ratio of IFI16 isoforms. Each

symbol represents an individual sample and horizontal lines show median values.

The expression of IFN-inducible genes in kidney from LN patients
In the present study, there were no significant differences of MNDA, IFIX, IFI16 and AIM2
gene expressions in renal biopsies between LN patients (WHO class Il and IV glomerulonephritis)

and normal controls (data not shown).
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titre, (D) anti-dsDNA titre, (F) C3, (H) C4 and (J) CH50. Spearman’s correlation test was used to
analyze these data. The relative expression of MNDA was compared between SLE patients who
were positive and negative for the following: (C) ANA, (E) anti-dsDNA antibody, (G) C3 decrease, ()
C4 decrease, (K) CH50 decrease, (L) Mucocutaneous, (M) Musculoskeletal, (N) Haematological
and (O) Active LN. Mann-Whitney test was used to analyze these data. Each symbol represents an

individual sample and horizontal lines show median values.

DISCUSSION

Up-regulation of only IFI16 gene in SLE patients has been previously demonstrated using
microarray analysis.(7,8) In the present study, with a more highly sensitive method, real-time RT-
PCR, we demonstrated that all 4 genes (MNDA, IFIX, IFI16 and AIM2) were significantly up-
regulated in SLE patients.

In addition, IFI1X and IFI16 genes are known toencode six isoforms (Ql1, A2, BT, [32, Y1
and Y2) and three isoforms (A, B and C) respectively, through mRNA alternative splicing.(13,22)
The comparison of the short product (B and C isoform) to full-length product (A isoform) ratio of
IFI16 gene showed that B isoform from SLE patients was significantly higher than normal controls.
Although the functional role of different isoforms is still unknown, previous study suggested that the
difference among each isoform locating in the hinge domain might affect different folding of
IFI16molecule.(22) Furthermore, they showed that B isoform of IFI16 can homodimerize via an
amino terminal region and is also able to interact with A and C isoforms.(22) The B isoform itself or
in combination with either A or C isoform might be responsible for IFI16 function. Further studies are
required to elucidate the roles of each isoformthatmight affect biological functions and thatmay lead
to the development of SLE.

There was no clear connection between HIN200 expression and disease activity by
SLEDAI-2K and complement level. However, this might be confounded partly by medication that
the patients received. Although we did not observe any correlation with disease activity, our study
reported that one of the HIN200, MNDA significantly correlated with anti-dsDNA autoantibody titre.
A study in B6.Nba2 congenic mice that contains the Ifi200 gene cluster also produces higher levels

of anti-dsDNA.3 MNDA is a nuclear antigen expressed primarily in granulocytes and
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monocytes.(23) The pyrin domain within MNDA protein has a role in the regulation of programmed
cell death in myeloid cells.(24) Interestingly, there are various reports of increased apoptosis of
neutrophils in SLE patients, which is likely to be a result of an abnormal apoptosis control.(25,26)
MNDA may play a role in SLE pathogenesis via abnormal control of programmed cell death
andmay lead to the production of anti-dsDNA antibody. Recently, one of HIN200, AIM2 has been
identified as a cytoplasmic DNA sensor, forming a caspase-1-activating inflammasome.(27-30)
Other HIN200 family members includingMNDA might be involved in DNA sensing as well. However,
unlike AIM2, they are mainly nuclear proteins. Burckstummer, et al.(27) proposes that “these
proteins may act as inflammasome modulators in apoptosis when the nuclear envelop breaks
down”. Therefore, it is possible that high expression of HIN200 might associate with abnormal
inflammation and loss of tolerance to dsDNA observed in SLE. However, further studies are
required to prove this hypothesis.

The role of IFI16 in controlling epithelial cell differentiation as well as a role in endothelial
cells as inducer of inflammation via up-regulation of adhesion molecules and chemokines have
been suggested.(31) Recently, it was demonstrated in skin lesions of SLE patients by
immunohistochemistry that IFI16 has increased expression on both the epidermis and dermis layer
(stratified squamous epithelial cells, lymphocytes, fibroblasts and endothelial cells).(14) It is likely
that local production of type | IFN might lead to the up-regulation of IFI16 in skin lesions. This
observation raises a possible role of IFI16 in determining clinical manifestation of SLE as well. In this
study, we also investigated the correlation of HIN200 expression with specific clinical manifestation
e.g. mucocutaneous, musculoskeletal, haematological and renal manifestation. No significant
differences among disease subsets were observed in leukocytes. However, the small sample size
is likely a limitation in this study. We are particularly interested in lupus nephritis, one of themost
severe complications in SLE, so we further analyzed expression profile of HIN200 in kidney biopsies
from 29 lupus nephritis patients. We did not observe any up-regulation of these four genes in renal
biopsy tissues from LN patients. One previous study has found a slight increased level of MNDA
transcript from laser-captured glomeruli of LN patients by microarray, although that observation has
not been validated by real time RT-PCR.32 If MNDA mRNA is truly up-regulated in the glomeruli of

LN, different finding in our study might be due to a diluted signal by other cell types in the kidney
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biopsy. It is likely that leukocytes that have up-regulated level of MNDA observed in the peripheral
blood did not infiltrate in the kidney tissue of LN patients.

In conclusion, our expression results suggested that HIN200 and a specific B isoform of
IFI16 are upregulated in leukocytes of SLE patients. Our observation has also shown an association

between MNDA with anti-dsDNA antibody titre.
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Association of IFI200 Gene Polymorphisms with Susceptibility to Systemic Lupus
Erythematosus

| Kimkong, Y Avihingsanon and N Hirankarn

INTRODUCTION

The MNDA (myeloid nuclear differentiation antigen), IFIX (interferon- inducible protein X),
IF116 (interferon-inducible protein 16), and AIM2 (absent in melanoma 2) are a group of interferon
(IFN)-inducible genes whose products belong to the gene family denoted hematopoietic interferon-
inducible protein with 200 amino acid repeat (IF1200). These genes map on chromosome 1021-23,
which is the major susceptibility locus of systemic lupus erythematosus (SLE). They are proposed
as new candidate genes for SLE susceptibility for several reasons: (1) genetic mapping from a
murine model of lupus1,2; (2) upregulation of all 4 genes in patients with SLE3; (3) the role of IFI16
as autoantigen in patients with SLE4,5; (4) the ability of IFI16 to bind single-strand DNA in a process
of DNA repair6; and (5) the discovery of AIM2 as an intracellular DNA sensor leading to
inflammation and apoptosis7. Therefore, IFI200 might be associated with abnormal inflammation

and loss of tolerance to dsDNA observed in patients with SLE.

METHODS

We recruited 200 SLE patients (194 women, 6 men; mean age 36.21 + SD 10.76 yrs) from
King Chulalongkorn Memorial Hospital, Bangkok, each having at least 4 of the American College of
Rheumatology revised criteria for SLE8, and 200 ethnically matched healthy volunteer blood donors
from the Thai Red Cross Society (147 women, 53 men; mean age 23 + SD 12.3 yrs)9. The study
was approved by the ethics committee of the Faculty of Medicine, Chulalongkorn University, and all

subjects gave their informed consent.
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Detection of apoptosis.

Within 60 minutes after blood draw, peripheral blood mononuclear cells (PBMC) from 15
healthy donors containing different IFI16 genotypes were isolated by Ficoll-Hypaque gradient
(Robbins Scientific, Sunnyvale, CA, USA) and resuspended in RPMI-1640 medium (Sigma, New
York, NY, USA) with 10% fetal bovine serum (Gibco, Karlsruhe, Germany) and 100 U/ml penicillin
(Gibco) and 100 Mg/ml streptomycin (Gibco) at concentration 5 x 106 cells/ml. These cells were
plated into 24-well plastic tissue culture plates. PBMC were treated with doxorubicin (Pharmacia
and Upjohn GmbH, Freiburg, Germany) at a concentration of 10 dg/ml and then cultured at 37°C in
5% CO2 for 24 h. This condition was determined to be effective to induce highest p53 expression in
dose (1, 10, and 100 Mg/ml) and time (8 and 24 h) response experiments. p53 mMRNA expression
was studied using real-time reverse transcription- polymerase chain reaction (RT-PCR) with the
following primers: 5TGG CCA TCT ACA AGC AGT CAC A3’ and 5’GCA AAT TTC CTT CCA CTC
GGA T3, as described10. Finally, the percentage of apoptotic cells was measured by FACScan
flow cytometry (Becton Dickinson, Mountain View, CA, USA) for annexin V-FITC and propidium
iodide binding according to the manufacturer’s protocol (BD Biosciences Pharmingen, San Diego,

CA, USA). Cells positive only for annexin V were counted as apoptotic.

Quantification of IFIX and IFI16 isoforms.

Expression of IFIX and IFI16 isoforms was semiquantified by conventional RT-PCR using the
following primers: 5’GGA ACA GAG TCA GCA TCC and 5'GTT ATT TGA TAT CCT TGT CC for IFIX
11; and 5’CAT CTT CGG ACT CCT CAG and 5’GTT CAG CAC CAT CAC TTC for IFI16. cDNA from
leukocytes of 19 SLE patients containing different genotypes was amplified in a Perkin
Elmer/GeneAmp PCR 2400 system. The PCR conditions consisted of initial denaturation at 94°C for
5 min, followed by 30 cycles of denaturation (94°C, 30 s), annealing (60°C for IFIX gene, 62°C for
IFI16 gene, 30 s), extension (72°C, 30 s), and final extension (72°C, 7 min). PCR products were
loaded in 1.5% Tris-acetate agarose gel and analyzed by electrophoresis in Tris-acetate buffer at
100 volts for 40 min followed by staining with 50 dg/ml ethidium bromide. The density of product
bands was semiquantified using Gel DocTM MZL software (Bio-Rad). Statistical analysis. The

association between genotypes and the expression of isoforms or apoptosis was analyzed by
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GraphPad Prism, version 4.0 (Graph-Pad Software, San Diego, CA, USA). The Mann-Whitney U test
was used in comparisons between 2 groups, while Kruskal-Walls H was applied in case of analysis

of more than 2 groups. A p value < 0.05 was considered significant.

RESULTS

Eleven putative functional single-nucleotide polymorphisms (SNP) were selected from
MNDA, IFIX, IFI16, and AIM2 genes according to computational prediction and genotyped as
described in Table 1. The percentage of genotyping for each SNP was 100%. There were no
missing genotyping data. All SNP were in Hardy-Weinberg equilibrium when we compared the
observed with the expected genotype frequencies of each SNP (p > 0.05). PLINK v1.05 program12
was used to calculate p values, empirical p values (100,000 permutations), and odds ratios (95%
confidence intervals) for genotype and haplotype associations. Linkage disequilibrium was

determined by JLIN, a Java-based linkage disequilibrium plotter13 (Table 2).

Table 1. Putative functional single-nucleotide polymorphisms (SNP) and genotyping methods.

Genes  SNP Location and Functional Prediction Genotyping Method Sequence of primers (5°—3") Restriction
Enzyme
MNDA  A2706G (rs7513873)  Intron; A: strengthens donor site PCR-RFLP ACT CAT CCT CACCAACAC Nla III
and creates cryptic acceptor site/G:— TGG CGA CAG GGCGAAACTC
C16432T (rs2276403)  Exon; histidine — tyrosine PCR-RFLP GGA TCC ATG GAT GTA GTG ATG Rsal
AGG AACCTG GTG TTC
IFIX G13792T (rs856084) Intron; T: abolishes SC35 binding site/G:— PCR-RFLP GCA ACG ATT GCT GAC CACCCA Ahdl
GTG ATG AGA TGG GAG AA
C-223T (rs16841336)  Promoter Tagman SNP — —
genotyping assay
A40309G (rs10908697) Intron Tagman SNP — —
genotyping assay
C43235T (rs1615480)  Intron Tagman SNP — —
IFl16 C-7217T (rs4657618)  Promoter; T: AML 1a or RUNX1/C:— PCR-RFLP GCC AGC CTG AAA TAG AAGGTA Hae II1
ACT CTG GCT CTT GAG
C6771G (rs866484) Exon; threonine — serine PCR-RFLP GCC GTT CCC CAT CTC CCA AGC  HpyCH4 111
ATC AAG TAT CCC TGT GAAAGC
A23201G (rs1772414) Intron; A: abolishes donor site/G:— PCR-FRLP CCCATTTCCCCT TTG CTT ATT CTG  Dra III
TGA ATT GGG GCAGAAT
AIM2 G-151T (rs16841642)  Promoter; G: AP-1/T:— PCR-RFLP CAC TAG CAG CCA CAG AAGGGG  Dralll
TGT CGT TGG TTT TGC
C3452T (rs2276405)*  Exon; glutamic acid — lysine PCR-S5P GCC TGT GGC AAT ATT AAA CTC —
GCC TGT GGC AAT ATT AAA CTT
GGC TGA TCC CAA AGT TGT GCC
Internal control PCR TTCCCAACCATTCCCTTATCACGG —

ATTTCTGTTGTGTTIT C

* Not polymorphic in the Thai population. PCR-FRLP: polymerase chain reaction-restriction fragment

length polymorphism; PCR-SSP: polymerase chain reaction-sequence specific primer.
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A significant association of the minor allele frequency from 3 SNP of IFIX and IFI16 genes
was found between SLE patients and healthy controls (Table 3). The G13792T (rs856084) in IFIX
and the C6771G (rs866484) and A23201G (rs1772414) in IFI16 showed significant differences (OR
0.73, 95% CI 0.54-0.98, empirical p = 0.033; OR 1.33, 95% CI 1.00-1.75, empirical p = 0.05; and
OR 1.37, 95% CI 1.03-1.80, empirical p = 0.030, respectively). The association of both SNP
(rs866484 and rs1772414) in IFI116 gene seems to be a recessive effect model. The presence of 2
G alleles (GG) conferred a significant p = 0.009 (empirical p = 0.023) for rs866484 and p = 0.013
(empirical p = 0.032) for rs1772414. The marginal significance results are probably due to the
limited sample size in this study. We performed haplotype analysis of significant SNP rs866484 and
rs1772414 with the strongest linkage disequilibrium (D’ = 0.814 and r2 = 0.643) by comparing each
haplotype with another 3 haplotypes between SLE patients and controls. Our finding showed that
the GG was a risk haplotype (OR 1.41 and p = 0.017, empirical p = 0.031), whereas CA was a
protective haplotype (OR 0.73 and p = 0.032, empirical p = 0.041).

Table 2. Linkage disequilibrium coefficients (D’ and r2) among single-nucleotide polymorphisms

(SNP) within MNDA, IFIX, IFI16, and AIM2.

D
rs7513873  1s2276403 1516841336 rs856084  r1s10908697 1s1615480 rs4657618  rs866484  rs1772414  rs16841642
(MNDA) (MNDA)  (IFIX) (IF1X) (IFIX) (IFIX) (IF116) (IF116) (IF116) (AIM2)

1 157513873 — 0.7741 0.8634 0.1401 0.2054 0.051 0.288 0.189 0.024 008

(MNDA)

152276403 0.391 — 0.7808 0.0083 0.4456 0.139 0.117 0.38 0.268 023

(MNDA)

rs16841336 0.678 0.3469 — 0.0752 0.4062 0.065 0256 0.3 0.114 008

(IFIX)

15856084 0.004 0.00001 0.0005 — 0.9449 0.376 0452 0208 0.297 026

(IFIX)

rs10908697 0.008 0.022 0.0321 0.4237 — 0.189 0.307 0042 0.051 003

(IFIX)

rs1615480 0.0009 00044 0.0017 0.0972 0.0117 — 0.738 0899 0.836 055

(IFIX)

14657618 0016 00017 0015 0.1707 0.0547 0.309 — 0413 0.498% 033

(IF116)

rs866484 0.004 00164 001 0.0345 0.0015 0.466 0.159 — 0.814 067

(IF116)

11772414 0.0009 0.008 0.0016 0.0691 0.0016 0.367 0224 0643 — 078

(IF116)

rs16841642 0.001 0.0061 0.0007 0.0542 0.0004 0.172 0.103 0448 0.579 —

(AIM2)
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Regarding the selection as putative functional SNP, we tried to prove our hypothesis of 3
positive SNP as follows. SNP rs866484 (C6771G) of IFI16 is a nonsynonymous SNP whose amino
acid is altered from threonine to serine. This SNP is located on an A-type repeat containing p53
binding site. Binding of IFI16 protein to the C-terminus of p53 has been reported to stimulate the
transcription of p53-responsive reporter plasmids and leads to susceptibility to apoptosis of
cells14.We hypothesized that the G risk allele may bind p53 with higher affinity and lead to more
apoptosis. We conducted our experiment by inducing the highest p53 mRNA expression with
doxorubicin at a concentration of 10 dg/ml for 24 h. The association of SNP rs866484 and
apoptosis rate was studied by flow cytometry analysis. We were unable to determine the
association between SNP and apoptosis (Figure 1A). This negative finding may be because
threonine and serine are in the same amino acid group. Nevertheless, further study should be
performed using direct protein-protein interaction methods to prove the direct role of this SNP in
protein structure that affects p53 binding. In addition, we tested the association of the 2 SNP within
the intron of IFIX (rs856084) and IFI16 (rs1772414) genes with the expression of the isoforms (O
and 3 for IFIX; A, B, and C for IFI16) by reverse transcriptionpolymerase chain reaction, as
described3. However, we found no differences in isoforms among the genotypes (Figure 1B, 1C,
1D). Our results suggest that these SNP are not likely to be functional SNP.We could not exclude
the possibility that these SNP are in linkage disequilibrium with nearby causative SNP. Interestingly,
one report in SLE in Caucasian patients also suggested an association signal in the IFIX-IFI16
intergenic region15. More extensive research using dense SNP and increased sample sizes is

required to clarify the role of IFIX and IFI16 gene in SLE.
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Table 3. Genotype and allele frequencies for MNDA, IFIX, IFI16, and AIM2 polymorphisms in SLE patients

and healthy controls. Significant results (p value < 0.05) indicated in bold type.

SLE,n=200 Control, n =200 Model of Inhenitance Allelic Test*
Gene SNP  Minor Major Genotype, n (%) Allele, n (%) Genotype, n (%) Allele, n (%) (Recessive)
a A
aa Aa AA a A aa Aa AA a A OR (95% CI)  Empp OR (95% CT) Empp
MNDA 7513873 A G 1(05) 50(25) M9(75) 52(13) 34887y 1({05) 45(225) 154(77) 47(118) 353(BR3) NA NA LI2(074-1.71y 0571
2276403 T C 1(05) 37(19) 162 (8B1) 39(975) 361(9025) O( 32(16) 168(84) 32(8) 368 (92) NA NA 124(076-203) 0372
IFIY 16841336 € T 4(2) S53(27) M43(72) 61(153) 330(8475) 3(15) 55(275) 142(71) 61 (153) 330(848) NA NA 1{0.68-147) 1
mB56084 G T 15(75) BB(#) 97(4% 118(295 282 (T05) 27(14) 92(46) B1(405) 146(365) 254(635) 052 (025-1.06) 0079 0.73(054-098) 0.033
rsI0Q086AT G A 47(24) 103(52) 50(25) 197(493) 203(5075) 46(23) 101 (50.5)53(265) 193(483) 207(518) 103 (063-168) 0928 104(0.79-137) 0773
1615480 € T 25(13) 8241) 93(47) 132(33) 268(67) 19(9.5) §1(405) 100{50) 119(298) 281(703)  136(069-268) 0551 1.16(086-157) 0335
IFIl6  rsd65T7618 T C  32(16) 101 (51) 67(34) 165(413)235(5875) 34(17) 98(49) 68 (34) 166(415) 234(585) 093 (053-1.63) 085 099(075-131) 0.M6
m866484 G C  57(29) 87(44) 56(28 201 (503) 199(4975) 35(18) 103(515) 62(31) 173(433) 227(568) 188(L14-311 0023 133(1.00-175) 0.050
rsl772414 G A 57(29) 93(47) 50(25) 207 (51.8) 193(4825) 36 (1B) 10d4(52) &0 (30) 176 (M) 224 (56) 182 (1.10-300)7 0032  137(1.03-180) 0030
AIM2 rs16B41642 T G 41421) 94(47) 65(33) 176(44) 224(56) 35(IB) 102(50) 63(315) 172(43) 22B(5T) 122(072-207) 0694 104(079-138) 0779
76405 C T 2000100) 00y 0(0) 400(100) 00 0(100) 00} 0@  400(100)  0(0) NA NA NA NA

* SNP were analyzed for association with disease by comparison of minor allele frequency in SLE patients and controls. GG compared with CG+CC genotypes. GG compared
with AG+AA genotypes. NA: not applicable; SNP: single-nucleotide polymorphism; EMP p: empirical p value (100,000 permutations).
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Figure 1. A. The effect of SNP rs866484 genotypes (CC, CG, and GG; n = 5, 6, and 5, respectively)
on apoptotic response of healthy PBMC treated with 10 [dg/ml doxorubicin for 24 h. B, C, D. The
ratio of short product/full-length product grouped by SNP rs856084 genotypes of IFIX (GG, GT, and
TT; n =3, 9, and 3) and SNP rs1772414 genotypes of IFI16 (AA, AG, and GG; n =7, 6, and 6).

Each data symbol represents an individual sample; horizontal lines show median values.
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Polymorphisms of the CTLA-4 Gene in Systemic Lupus Erythematosus
and Graves’ Disease

Ingorn Kimkong, Jeerawat Nakkuntod, Siriwalee Sae-Ngow, Thiti Snabboon, Yingyos

Avihingsanon, Nattiya Hirankarn

ABSTRACT

Background: Cytotoxic T-lymphocyte antigen-4 (CTLA-4) is a cell surface molecule
involving in the regulation of T cells. Single nucleotide polymorphisms (SNPs) of CTLA-4 gene are
known to be associated with susceptibility to several autoimmune diseases, including systemic
lupus erythematosus (SLE) and Graves’ disease (GD).

Objective: The aim of this study was to determine whether the common SNPs +49A/G on
exon1 and CT60A/G in 3’'UTR of the CTLA-4 gene are associated with susceptibility to SLE and GD
in Thai population.

Methods: Polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP)
was used to analyze these two SNPs in 151 patients with SLE, 132 patients with GD and 153
healthy controls.

Results: Our study showed that there were no statistically significant differences in the allele
and genotype frequencies of +49A/G and CT60A/G SNPs between patients with SLE and healthy
controls as well as patients with GD vs. healthy controls (P > 0.05). However, the GG genotype of
+49A/G and CT60A/G was likely to be risk (OR>1) in GD but not in SLE. The effect of +49G allele
was similar to autosomal recessive in which the presence of GG genotype when compared to AA
and AG conferred the OR of 1.58 (95% CI=0.95-2.61, p=0.061) in GD. We also observed a dose
response effect of CT60G allele on GD susceptibility with OR of 1.43 for GG homozygous and 1.17
for AG heterozygous when compared to AA genotype, although these were not statistically

significant (P>0.05).

125



Conclusions: We found no association between two functional polymorphisms (+49A/G and
CT60A/G) of CTLA-4 gene and the susceptibility to SLE and GD. However, the association study

utilizing a larger sample size should be performed to further verify.

INTRODUCTION

Systemic lupus erythematosus (SLE) and Graves’ disease (GD) are autoimmune disorders
in which the body produces autoantibodies against self-antigens. The characteristic of SLE is the
production of autoantibodies directed to nuclear, cytoplasmic and cell surface autoantigens. These
autoantibodies cause end-organ damage via inflammatory response to immune complex. In term of
GD, the body produces autoantibodies to thyroid stimulating hormone receptor which lead to
hyperthyroidism. Although the etiopathogenesis remains elusive, genetic factor seems to be
important in the development of these two diseases. Twins studies show significantly higher
concordance rate in monozygotic than in dizygotic twins over 10 times."”

Cytotoxic T-lymphocyte antigen-4 (CTLA-4) is a member of the immunoglobulin superfamily,
which is expressed on the surface of activated T cells. It shares sequence homology with T cell co-
stimulatory protein CD28. Both molecules bind to the same ligands, B7.1 (CD80) and B7.2 (CD86),
but opposing functions. CD28 promotes a number of T-cell activities, whereas CTLA-4 is a
negative regulator of T cell responses.3 Several studies have reported the association between
CTLA-4 gene polymorphisms and several different autoimmune diseases including SLE and GD.
There have been several single nucleotide polymorphisms (SNPs) associated with these two
diseases such as CT60A/G in 3’-untranstrated region (3’'UTR), +49A/G on exon 1, -1772T/C, -
138C/T in promoter region and 106 bp allele of a dinucleotide repeat in 3’ UTR.*®

However, those association studies have shown conﬂicting results. In addition, the
susceptibility variants in the CTLA-4 gene might differ among the different ethnic groups. Thus, we
performed association study about the role of CTLA-4 SNPs in Thai patients. The functional SNPs

are believed to be mainly in +49A/G (rs231775) and CT60A/G (rs3087243). The +49A/G SNP
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causes an amino acid change from threonine to alanine in the peptide leader sequence of the
CTLA-4 |orotein.24 Whereas CT60A/G is important in the efficiency of the splicing and production of
soluble CTLA-4, and may plays role in mRNA stability of sCTLA-4.%

Therefore, the aim of this study was to investigate the association between these two
common SNPs (+49A/G and CT60A/G) within the CTLA-4 gene and the susceptibility to SLE and

GD in Thai population.

METHODS
Subjects

One hundred and fifty-one Thai patients (148 women and 3 men: mean age + SD = 36.21 +
10.76 years) from King Chulalongkorn Memorial hospital, who fulfilled at least 4 of the American
College of Rheumatology (ACR) revised criteria for SLE were included in this study.26 Clinical and
serological data were recorded as either absent or present, based on the data from the cumulative
database obtained by chart review. In addition, we recruited 132 patients with GD (116 women and
16 men: mean age + SD = 38.27 + 12.41 years) followed up in an outpatient clinic at the
Department of Endocrinology, Faculty of Medicine, King Chulalongkorn Memorial Hospital
(Bangkok, Thailand). The diagnosis of GD was based on clinical features, diffuse enlargement of
thyroid gland and the elevation of free thyroxine or triiodothyronine levels for more than 3 months
with positive thyroid autoantibodies (TBIl or TPO), thyroid eye disease or a diffuse increase in
uptake on radionuclide scanning. For a control group, we recruited 153 ethnically matched healthy
donors from the Thai Red Cross Society (97 women and 56 men: mean age + SD =23 + 12.3
years). The ethics committee of the faculty of Medicine, Chulalongkorn University, Bangkok,

Thailand approved the study and the subjects gave their informed consent.
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DNA extraction and genotyping study

DNA was extracted from the buffy coat collected with ethylenediaminetetraacetic acid
(EDTA) as an anticoagulant, using a salting-out method.” DNA was aliquoted and stored at 20 °C
until used. Polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP) was
used to analyze the polymorphism of CTLA-4 at exon1 position +49A/G”® and CT 60A/G in 3UTR as
previously described."” Negative controls without DNA template were included in each experiment.
Ten percent of the samples were confirmed by direct sequencing of PCR products to verify the

accuracy of genotyping.

Statistical Analysis

Genotype frequencies were checked for consistency among normal controls with those
expected from the Hardy-Weinberg equilibrium (HWE). Allele and genotype frequencies were
compared between groups using the chi-squared (X2) test or Fisher’'s exact probability test, where
appropriate. The PLINK v1.07 program was used to calculate HWE, P -values, odds ratios and 95%
confidence intervals, as well as for linkage disequilibrium (LD) and haplotype analysis.ng P-value
of <0.05 was considered statistically significant. In addition, the power for our genetic association

study was calculated using the PS |orogram.30

RESULTS

The distribution of genotype and allele frequencies of CTLA-4 polymorphisms in patients
with SLE, GD and control subjects is shown in Table 1. In the present study, both SNPs were in
Hardy-Weinberg equilibrium when compared the observed and expected genotype frequencies of
each SNP (P > 0.05). There were no statistically significant differences in the allele and genotype

frequencies of +49A/G and CT60A/G SNPs within CTLA-4 between patients with SLE and healthy
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controls as well as patients with GD vs. healthy controls (P > 0.05). However, the GG genotype of
+49A/G and CT60A/G was likely to be risk (OR>1) in GD, although this was not statistically
significant (P>0.05). The effect of +49G allele was similar to autosomal recessive in which the
presence of GG genotype when compared to AA and AG conferred the OR of 1.58 (95% CI=0.95-
2.61, p=0.061). Furthermore, we found a dose response effect of CT60G allele on GD
susceptibility with OR of 1.43 for GG homozygous and 1.17 for AG heterozygous when compared to
AA genotype.

Moreover, we performed haplotype analysis of these two SNPs with strong LD (D’ = 0.952).
There were three common haplotypes (minor haplotype frequenoyZ 0.05) including AA, AG and
GG. To test the association of CTLA-4 haplotype and disease development, we compared each
tested haplotype with other two haplotypes between patients and controls. In this study, we did not

find any significant association between CTLA-4 haplotypes and both diseases (Table 2).

DISCUSSION

In the present study, we determined the association between the CTLA-4 polymorphisms
and the susceptibility to SLE and GD. We focused on two functional polymorphisms comprising
+49A/G SNP on exon 1(rs231775) and CT60A/G SNP in 3'UTR (rs3087243). Our results showed no
significant association of +49A/G and CT60A/G polymorphisms with SLE. These results confirm six

7,9, 28,31-33

previous reports of no association of +49A/G SNP with SLE, although other two studies
have found evidence for association.” Their studies have been reported that the frequency of the
+49G allele and GG genotype was significantly higher in SLE patients than in controls.”® This +49G
allele was associated with decreased control of T lymphocyte proliferation.‘n""35 In addition,
individuals carrying the GG genotype had reduced cell surface expression of CTLA-4 when

compared to AA genotype. *In contrast to a study of Ulker M et al (2009), they showed a

relationship between the AA genotype and development of SLE in Turkish patients.37 With respect
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to CT60A/G SNP, a study showed association for this SNP with Spanish patients with SLE. In that
study, they found the frequency of CT60G allele was significantly increased among SLE patients
compared with control subjec’[s.wO However, this was not replicated in our Thai patients with SLE.

For our study in GD, there were no statistically significant differences in the allele and
genotype frequencies of +49A/G and CT60A/G SNPs within CTLA-4 gene between patients with GD
and healthy controls. However, the GG genotype of these two SNPs was likely to be risk in disease
development, although this was not statistically significant. This might be due to limited sample
size. The power for our genetic association study was calculated using the PS program,30 based on
our sample size (132 cases vs. 153 controls), probability of exposure among controls (0.383)19 and
an odds ratio of 1.75." By this calculation, our study had a power of 60.0%, with @ = 0.05. To
improve the power of detection, the sample sizes should be augmented in further study.

The CT60G allele has been shown to influence the efficiency of splicing and lower
production of soluble CTLA-4 (sCTLA—4).25 The sCTLA-4 has a B7.1 (CD80) and B7.2 (CD86)
recognition site. The binding of sCTLA-4 to CD80/86 molecules inhibits T-cell proliferation in vitro.”
Thus, the reduction of sCTLA-4 could lead to decreased impeding of CD80/CD86, resulting in an
increasing of T cell activation. Association of CT60G allele with GD was reported in seven studies;

14-19,21,39

although, it was not associated with GD in the study of Cho HJ et al. A meta-analysis
suggests a strong evidence that CT60 GG genotype has the greatest risk than GA.” From our
result, we do find a dose response effect of CT60G allele on GD susceptibility, but there was no
statistical significance. The GG homozygous (OR = 1.43) has a greater tendency to cause GD than
AG heterozygous (OR = 1.17) when compared to AA genotype. This result indicates that two G

alleles are required to exhibit a risk effect, whereas one G allele might not be satisfactory. For our

finding, the association study utilizing a larger sample size should be performed to further verify.
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Table 1 Genotype and allele frequencies of CTLA4 gene polymorphisms in SLE, GD patients and control subjects

SNP Genotype /allele SLE GD Healthy control SLE vs. Healthy control GD vs. Healthy control
N =151 (%) N =132 (%) N = 153 (%) OR (95% CI) P value OR (95% CI) P value

+49 A/IG AA 33 (21.85) 22 (16.67) 26 (16.99) 1.00 1.00
(rs231775) AG 77 (50.99) 49 (37.12) 73 (47.71) 0.83 (0.43-1.59) 0.549 0.79 (0.38-1.64) 0.500
GG 41 (27.15) 61 (46.21) 54 (35.29) 0.60 (0.29-1.21) 0.123 1.34(0.64-2.77)"  0.401

143 (47.35) 93 (35.23) 125 (40.85) 1.00 1.00
159 (52.65) 171 (64.77) 181 (59.15) 0.77 (0.55-1.07)  0.106 1.27 (0.89-1.81) 0.168

CT60 A/G AA 10 (6.62) 8 (6.06) 12 (7.84) 1.00 1.00
(rs3087243) AG 74 (49.01) 46 (34.85) 59 (38.56) 1.51 (0.56-4.08) 0.374 1.17 (0.4-3.45) 0.753
GG 67 (44.37) 78 (59.09) 82 (53.59) 0.98 (0.37-2.63) 0.966 1.43 (0.51-4.07) 0.460

94 (31.13) 62 (23.48) 83 (27.12) 1.00 1.00
G 208 (68.87) 202 (76.52) 223 (72.88) 0.82 (0.57-1.19) 0.277 1.21(0.81-1.81)  0.320

SLE, Systemic lupus erythematosus; GD, Graves’ disease; SNP, single nucleotide polymorphism; OR, odds ratio; Cl, confidence interval

®autosomal recessive model GG/AA+AG; OR (95% Cl)= 1.58 (0.95-2.61), p=0.061

131



Table 2 Haplotype analysis for +49 A/G (rs231775) and CT60 A/G (rs3087243)

Haplotype frequency SLE vs. Healthy control GD vs. Healthy control
Haplotype
(MHF=0.05) SLE GD Healthy control OR (95%Cl) P value OR (95%CI) P value
AA 0.3020 0.2319 0.2712 1.15(0.80-1.65) 0.4030 0.81(0.56 - 1.18) 0.2823
AG 0.1779 0.1217 0.1373 1.35(0.86-2.12) 0.1706 0.87 (0.53-1.42) 0.5817
GG 0.5201 0.6464 0.5915 0.72(0.52-1.00) 0.0776 1.23(0.89-1.70) 0.1794

MHEF, Minor haplotype frequency; SLE, Systemic lupus erythematosus; GD, Graves’ disease; OR, odds ratio; Cl, confidence interval
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