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RESULTS

An ELISA, indire

antinucleosome antibodies«

for the detection of

sed in this assay was

the nucleosomes prepared § subsequently digested

by Micrococcal nuclease.

Preparation of nucleosom€s f

Nucleosomes were iso from chjcken erythrocyte

cell nuclei with Micro€eccal suclcaser——the—sammies—ot1hc chromatin were

f
fractionated by gel ﬁltr - macryl S-300 column.

Nucleosome fractions wer® collected by spectrophotometry aﬁer determination of

DNA at ODy¢. Maj M§ m eosome was the
large molecule andﬁa mOEI ofe ZFI passed directly
through the column. After determinatioh by 1.5% a C sis and
SRCY elKaprititiieukis) T

To prove that the fractions in peak 1 was nucleosome, the nucleosomal DNA
was examined by phenol extraction and ethanol precipitation respectively, and
monitored by 1.5% agarose gel electrophoresis in Tris borate-EDTA buffer pH 8.3,

and nucleosomal core proteins were examined by SDS-PAGE.
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The presence of nucleosomal DNA

After extraction of DNA from nucleosome fractions by phenol extraction and

ethanol precipitation, respectively, the precipitate was analyzed by electrophoresis.

DNA banding at 154-bp (figuie

Nucleosomal histones _Dy electrophoresis in a 15%

polyacrylamide gel. Protgin b WETE reved ing 'j gel in Coomassie
Brilliant Blue R-250 ;— 'v:"-_f respectively. The

SDS-PAGE analysis sho I tha 2o 'n. ore histone bands at

molecular masses of 16.5k 2) 15k (H2A), 13 5k (H2B), and 12k (H4), indicating
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Marker(bp)
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Figure 10: The presence oﬂucleosomal DNA was exarmned@y phenol extraction and
ethanol precipitati HEJ mm maﬁm electrophoresis,
applying on 1.5% ﬂr borate*bu DTA at pH 8.3.
Lane 1 showed DNA markers. Se ﬁoie ﬁ:ﬁ ﬂﬁﬁ!ﬂes using
agarose gel&aﬂp’lra \1 rilgﬂeﬂi 54 bp as

shown in lane 2.
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Protein marker (kD)

S ﬁﬂﬁ"ﬁ?ﬁﬁﬁf ﬂﬂ"lﬁ N
composition of nic e presence of
nucleosomal h1stones consist of H2A, H2B, H3 and H4&The SDS-PAGB.fmethod was

st 555650 6] 3 61 ¥l Y4 Bt o

showed protefh markers. Nucleosomal histones on SDS-PAGE banding at molecular
masses of 12k (H4), 13.5k (H2B), 15k (H2A), and 16.5k (H3) as shown in lane 2.



51

Determination of the optimal conditions for antinucleosome indirect
ELISA

To examine the optimal conditions for antinucleosome antibody using an

indirect ELISA in SLE patients, the check cibeard titration was performed (figure 12).

"N
Various concentrations g | uelcosomes é and 10 pg/ml) and rabbit

antihuman IgG-peroxidase cofiju mr"' 000 , 1:3000,,1:4000, and 1:5000 dilutions)
were titrated against positive conffol ra - \'« 0
(1:100 dilution) and PBS (reag JSA. As shown in table

\\\ dilfgion of 1:4000 for the

. duc \ and were chosen for
j.ldd \\

"'J

,.negative control serum

7, concentration of 5 pg
peroxidase-conjugated anti

subsequent tests.

Determination of optigaliconditions NA) indirect ELISA

system Y p o

g J

To determlﬂ tu Elugl 'ﬂ.ﬂiﬂ ﬁﬂlﬂgstlinnbody by an

indirect ELISA in SLE patients, the check€rboard titratiéiswas perfo ¢ 13).
AR IU TN TR Y
ario concentratlons of dsDNA (2.5, 5, 7.5, and 10 pg/ml) and rabbit

antihuman IgG-peroxidase conjugate (1:2000, 1:3000, 1:4000, and 1:5000 dilutions)

were titrated against positive control serum (1:100 dilution), negative control serum

(1:100 dilution) and PBS (reagents control). As shown in table 8, concentration of 5

pg/ml for nucleosomes and dilution of 1:4000 for the peroxidase-conjugated

antihuman IgG produced better results and were chosen for subsequent tests.
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Table 7: Checkerboard titration to determine the optimal concentration of reagents in

antinucleosome ELISA test. Various concentrations of nucleosomes (2.5, 5, 7.5, and

10 pg/ml) and rabbit antihuman IgG-peroxidase conjugate (1:2000, 1:3000, 1:4000,

and 1:5000 dilutions) were titrated against positive control serum (1:100 dilution),

negative control serum (1:100 dilution) and PBS (reagents control) by an indirect

Conjugate 1:2000 Conjugate 1:5000
Nucleosome
(hg/ml) + : + - |pBs
2.5 1.462 | 0.125 1.171 | 0.096 | 0.046
5 1.683 | 0.111 1.292 | 0.104 | 0.044
7.5 1.989 | 0.111 1.567 | 0.102 | 0.051
10 1.976 | 0.108 1.566 | 0.096 | 0.048
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Table 8: Checkerboard titration to determine the optimal concentration of reagents in

anti-dsDNA ELISA test.

Various concentrations of dsDNA (2.5, 5, 7.5, and 10

pg/ml) and rabbit antihuman IgG-peroxidase conjugate (1:2000, 1:3000, 1:4000, and

1:5000 dilutions) were titrated against positive control serum (1:100 dilution),

negative control serum (1:100 dilution) and PBS (reagents control). The results are

expressed as optical density (OD) at absorba

"‘\
dsDNA Conjugate 1:2000 ' u \ " p 000 Conjugate 1:5000
BN N .
(ng/ml.) L \
.\‘
N
+ - % PBS + - PBS
B f“ | \\\
/ o, Tl \h\\ \xx
2.5 1.934 | 0.104 y \ 1.440 | 0.090 | 0.050
5 2.097 | 0.109 1.571 | 0.103 | 0.043
7.5 2.166 | 0.117 1.661 | 0.100 | 0.045
10 2.192 | 0.125 1.769 | 0.111 | 0.051
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Precision of indirect ELISA test for antinucleosome antibody

A within-plate precision was determined using patient sera prepared by
diluting in PBS-T -10% fetal calf serum. Precision for sera was calculated by running

90 wells in one microtiter plate and overall precision was estimated using the same

patient sera analysed on separate mig tifer platgs. The results showed that the

coefficient of variation (CV) of i SLISASer" antinucleosome antibodies in

Precision of indir IdSDNA antibody

For anti-dsDNA ELISA, a Sion was determined using sera

from patient prepared by diluting:it CPBS. erum. Precision for sera
was evaluated by runningS0wells of the same microtiter ol v_"—;‘ or overall precision,
it was calculated using thc-ga eparate microtiter plates.

The data revealed that the*€oefficient of variation (CV) of fdirect ELISA for anti-
dsDNA antibodies ﬁ\lﬂuﬁlﬁ @ﬂ ET% %‘wgﬁ ﬁ4% and 14.8%,
respectively.
ﬂ RPN - v
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Detection of antinucleosome and anti-dsDNA antibodies in SLE

patients

Enzyme-linked immunosorbent assay, indirect technique, using the optimal
1 and 1:4000 dilution of peroxidase-

conjugated antihuman IgG as obtained’ Y, ehigckcrboard titration, were used for the

conditions of nucleosomes and dsDNA at 5 ug

detection of antinucleosome antib@ ; 1 this sthe i€ threshold for positivity of
antinucleosome and anti-dsDNAsantibodi: medwas38SD above the mean value
in controls (0.225 and 0.28 incledsome and anti-dsDNA antibody

positivity, respectively). , \\

From 65 SLE pati I 1 itrols -~ hown in table 9, the
results showed that the me nfinu € = anti 38y reactivity, revealed as
optical density, was significant
0.0001). The similar result was folind i

rsus normal controls (p <
A antibodies, it demonstrated that

mean of anti-dsDNA antibodies wefe: igher in SLE patients compared

ﬂuEJ’J‘YIEJVliWEJ’]ﬂ‘i
qmaﬁmmumaﬂmaﬂ
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Table 9: The mean antinucleosome and anti-dsDNA antibody reactivity in 65 SLE
patients and in 115 healthy controls. Antinucleosome and anti-dsDNA antibodies
were measured by indirect enzyme-linked immunosorbent assay (indirect ELISA).
Values are the mean + SD optical density, measured by enzyme-linked

immunosorbent assay. P values are versus the control group, by Student’s t-test.

Antibody P value
Antinucleosome <0.0001
Anti-dsDNA <0.0001
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Prevalence of antinucleosome antibody in SLE patients

From 65 SLE patients, 34 (52.3%) were considered positive (OD range 0.251-
1.673) for antinucleosome antibodies. In contrast to healthy controls, none of these

were present the antinucleosome antibody activity, P < 0.0001 (OD range 0.088-

0.225) (figure 12). /
ﬁ activity was associated

Next we studied whether afitinuclegéom
themaloSWs™Disease Activity Index

}‘ \\}V: e patients. From this

with the disease activity.
(SLEDAI) was used for def

index score, it revealed X e SLE (SLEDAI > 5)
e ¥ %,

and the other 20 (30.8%) ad_1na ¢ '~,\.\\-‘\ LEDAI 5). In 45

active SLE, 29 patient sera 644#°%) S PBS { 1“,‘- tinucleosome antibody.

Further analysis in SLE patien AP -x of 20 (25%) were shown

antinucleosome antibody activity ffig 13 ating that active SLE patients had
" ; AN oy m
significantly higher positivity (64.4%s)-of these odics than those with inactive

disease (25%) as shown in figure 171 008)
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Figure 12: The antinucleosome antibody reactivity in 65 SLE patients and in 115
healthy controls as measured by indirect enzyme-linked immunosorbent assay
(indirect ELISA). Horizontal bar shows the mean + 3SD optical density of healthy

controls. P value is versus the control group, by chi-square test.
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Figure 13: The antinucleosome antibody reactivity in SLE patients with active and
inactive group as measured by indirect enzyme-linked immunosorbent assay (indirect
ELISA). Horizontal bar shows the mean + 3SD optical density of healthy controls, P

value is active versus inactive SLE, by chi-square test.
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Prevalence of anti-dsDNA antibody in SLE patients

For the detection of anti-dSDNA antibody in SLE patient sera, the results
demonstrated that 24 (36.9%) of 65 patients were found to be positive (OD range
0.298-1.491) in the anti-dsSDNA ELISA. In 115 healthy controls, none of healthy
persons were considered to positive_for \dsl intibody, P < 0.0001 (OD range
0.082-0.274) (figure 14). __ \/ _

Next we examined i-dsSDNA: antibody in 2 SLE
\that the.prévalence of anti-dssDNA
antibody in active SLE patiéfits @as#g /7 (2 y i active group, 3 of 20
(15%) SLE patients were re ! ;

active SLE patients had signiffics

subgroups (active and inact

_ ) igure 15), suggesting that
tigher 1 “\; \ ' %) of these antibodies

than those with inactive disease 1 5% )4 figure 17 P=0.031).
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Figure 14: The anti-dsDNA antibody reactivity in 65 SLE patients and in 115 healthy
controls as measured by indirect enzyme-linked immunosorbent assay (indirect
ELISA). Horizontal bar shows the mean + 3SD optical density of healthy controls.

P value is versus the control group, by chi-square test.
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Figure 15: The anti-dsSDNA antibody reactivity in SLE patients with active and
inactive group as measured by indirect enzyme-linked immunosorbent assay (indirect
ELISA). Horizontal bar shows the mean + 3SD optical density of healthy controls, P

value is active versus inactive SLE, by chi-square test.
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Levels of C3 complement component in SLE patients

We also studied other laboratory parameters for diagnosis of SLE i.e.,
complement C3 and C4 factors. Levels of C3 were measured directly by
nephelometry using the diagnostic kit (Behring AG, Marburg, Germany). The result
was evaluated by comparison with a standard of known concentration and the normal
values for C3 was 76-171 mg%.

In 65 SLE patients, the € ults showe ‘&a had low complement

C3 levels (range 22.9 — 74 Pirthese SLE pe ith low C3 levels, 18

(40%) were in the active Sk 5)4 /Only 1,(5%) SLE patient sera showed low

value of C3 in the inactive g

Levels of C4 compl E patients

Next, we studied -g¢omp nt C4 levels d bymephelometry. The
normal values for C4 wa ;' ' : .‘:ff curve. In 65 SLE

patients, the results present I ' ed had low C4 levels (range

j'

6.0 — 8.7 mg%). Additiona }‘* all of these were m the active group (8/45; 53%) as

shown in table 10. ﬂuEJ’J 1 Bﬂﬁw N9

qmaﬁnimummmaﬂ
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Table 10: Association of low complement component C3 and C4 levels in SLE. The

results are expressed as the percentage of low complement levels in each group.

O\ I'.II /J atients
Complement . -
Inactive SLE
(n=20)
Low C3 1/20
(n=19) (5%)
Low C4 0/20
(n=8) Y 0%

AU INENTNEINS
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Association of antinucleosome with anti-dsDNA antibodies and

complement C3, C4 levels

To access the antinucleosome antibodies in SLE patients, we found that the
prevalence of antinucleosome antibodies in both overall (52.3%) and active SLE
(64.4%) was higher than those of anti-dsDNA tlbodles (36.9% and 46.7% in overall
and active SLE; P = 0.052 and P = 0.096, : shown in figure 16 and 17.

d-antif cle ody activity, we found

From the 34 SLE sera;»who*h
that 18 (52.9%) patients exhibi R \\ \\Q\,‘L‘ antibody activity.
Interestingly, the other 16 of 34.8€tal" /0 ‘\ BNRL eact with nucleosomes
detected by ELISA withoutpOsif 3 dSDINA meéasure
antinucleosome-positive serafy i
active SLE, only 3 (18.7%) sg
However 6 of 24 SLE patient ;
without exhibited reactivity to n

:"‘\.ﬁ (€ similar assay. In 16

) sera were detected in
active SLE (table 11).
DNA antibody activity

ﬂummmwmm
amaﬁﬂ‘mumaﬂmaa
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Figure 16: Prevalence of antinucleosome and anti-dsSDNA antibodies in 65 SLE
patients versus 115 healthy controls by using indirect ELISA. The results are

expressed as percentage of positivity of antinucleosome or anti-dsDNA antibody. P

value is determined by chi-square test.
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Figure 17: Association of antinucleosome and anti-dsDNA antibody with active and
inactive SLE patients. In active SLE consisted of 45 patients and 20 SLE patients in
inactive group. Antinucleosome and anti-dsDNA antibodies were detected by
enzyme-linked immunosorbent assay (ELISA), indirect technique. The results are

expressed as the percentage of antibody positivity. P values are determined by chi-

P = 0.096m"""0
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Table 11: Association of the presence of antinucleosome antibodies (with or without
anti-dsDNA) with disease stage in 34 SLE patients. The results are expressed as the

percentage of antibody positivity.

Antinucleosome
(without anti-dsDNA)
N=16 (47.1%)

Antinucleosome/ nti=ds

Positivity

Active SI Inactive SLE
J’//f : R \‘

(88 9% /ﬁ% ’\\ \ (18.35%)

‘ldd

In overall SLE, 164 g positivity and 11

(45.8%) of 24 anti-dsDNA7B0SIVE sera Wi W3 levels. Of note,
all sera which had low C4 @O% were mucleosonié antibody activity. In
contrast to anti-dsDNA pos1t1v§ sera, 6 of 8 (75%L$ra with low C4 were shown anti-

0t sty o B AP RGTGo 15170

and 8 (27 6%) of 29@ntinucleosome- pos1t1ve sera had low complement C3 and C4,

TR
SLE sera wMt ﬁ ne ‘o p were

revealed low complement C4 factor as demonstrated in table 12:B.

To analyze the presence of anti-dsDNA in active SLE, the data revealed 11
(52.4%) and 6 (28.6%) of 21 anti-dsSDNA-positive sera had low complement C3 and
C4, respectively. In contrast to inactive SLE, none of the 3 anti-dsDNA-positive sera

were found to had low complement C3, C4 factor.
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Table 12: Association of antinucleosome and anti-dsSDNA antibodies with

complement component C3, C4 levels in SLE patients. The results are expressed as
the percentage of antibody positivity.

é SLE
Low Co
Antibody :
Inactive SLE
Antinucleosome 15
16/34 (47.1%) ! ‘
4 5 (20%)
Antinucleosome f _ 9 0/5
8/34 (23.5%) ¢ = %) (0%)
e
Anti-dsDNA
0/3
11/24 (45.8%)
(0%)
Anti-dsDNA

mumw NIBYIMNT o
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Correlation between Antinucleosome antibody activity and SLEDAI

To evaluate the correlation between antinucleosome antibody activity (the
result was expressed as OD unit) detected by indirect ELISA and the SLEDAI score,

the simple regression analysis was used_ a

antibody activity in SLE was shownito | L 7/ orrelated with SLEDAI (r =
0.33, P = 0.007). ~ /
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Figure 18: Correlation between antinucleosome antibody activity and the Systemic
Lupus Erythematosus Disease Activity Index (SLEDAI) in 65 SLE npatients.

Correlation analysis is performed using linear regression.
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Correlation between antinucleosome and anti-dsDNA antibody activities

Further examined the correlation between these 2 antibodies, the data
demonstrated antinucleosome antibodies significantly correlated with anti-dsDNA

antibodies in SLE patients (r = 0.82, P <0.0001) as illustrated in figure 19.
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Figure 19: Correlation between antinucleosome and anti-dsDNA antibody activities.
Antinucleosome and anti-dsDNA antibodies were measured by enzyme-linked

immunosorbent assay. Correlation analysis is performed using linear regression.
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Antinucleosome antibody activity and complement C3 levels

We further examined the correlation between antinucleosome antibody
activity and complement C3 levels in SLE patients. Levels of C3 factor were

measured directly by nephelometry. Accor' ng to C3 levels by nephelometry (normal

Antinucleosome e ent C4 levels

r \ \

: __ r‘f \
Further analysis, we® degérn ned 7’ he™! al ) \--, een antinucleosome
antibody activity and comple s. According to normal

values for C4 was 10-40 mg%, owct ¢ els were found to be no

associated with antinucleosome antibiody 23, P =0.063) figure 21.
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Figure 20: Correlation between C3 levels and antinucleosome antibody activity. C3
levels of 65 patients with SLE were assessed by nephelometry assay.
Antinucleosome antibodies were measured by enzyme-linked immunosorbent assay.

Correlation analysis is performed using linear regression.
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Figure 21: Correlation between C4 levels and antinucleosome antibody activity.
Sixty-five patients with SLE were examined for correlation between C4 levels and
antinucleosome antibody activity. C4 levels were assessed by nephelometry assay.
Antinucleosome antibodies were measured by enzyme-linked immunosorbent assay.

Correlation analysis is performed using linear regression.
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Correlation between Anti-dsDNA antibody acﬁvity and SLEDAI

To evaluate the correlation between anti-dsDNA antibody activity (the result
was expressed as OD unit) detected by indirect ELISA and the SLEDALI score, the
simple regression analysis was used as shown in figure 22. Anti-dsDNA antibody

activity in SLE was shown to be significant correlated with SLEDAI (r = 0.37, P =

0.002).
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Figure 22: Correlation between anti-dsDNA antibody activity and the Systemic Lupus
Erythematosus Disease Activity Index (SLEDAI) in 65 SLE patients. Correlation

analysis is performed using linear regression.
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Anti-dsDNA antibody activity and complement C3 levels

To examine the correlation between anti-dsDNA antibody activity and
complement C3 levels in 65 SLE patients. The normal value for C3 was 76-171

we revealed that low C3 levels were

mg% Accordlng to C3 levels by nephelom Ty

Anti-dsDNA tty andic \ nplement'C4 levels
Further analysis, we o = \l\ - anti-dsDNA antibody
activity and complement C4 lg n SI B patie E-‘ ng to normal values for
C4 was 10-40 mg%, we found that JgW<C4 lew e Statistically associated with

anti-dsDNA antibody activity (r =/ 37) using indirect ELISA as

Y
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Figure 23: Correlation between C3 levels and anti-dsSDNA antibody activity. C3
levels were assessed by nephelometry assay. Anti-dsDNA antibodies were measured

by enzyme-linked immunosorbent assay. Correlation analysis is performed using

linear regression.
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Figure 24: Correlation between C4 levels and anti-dsDNA antibody activity. C4
levels were assessed by nephelometry assay. Anti-dsDNA antibodies were measured

by enzyme-linked immunosorbent assay. Correlation analysis is performed using

linear regression.
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