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Autoantibody-Induced Apoptosis of Neutrophils in Systemic Lupus Erythematosus Patients
Dong-Il Won, M.D., Jang Soo Suh, M.D., and Hyon-Suk Kim, M.D.!

Department of Laboratory Medicine, Kyungpook National University School of Medicine, Daegu; Department of Laboratory Medicine,
Yonsei University College of Medicine', Seoul, Korea

Background : In patients with systemic lupus erythematosus (SLE), serum factors play a role in the
apoptosis and necrosis of neutrophils. We intended to verify that autoantibodies including anti-dsDNA
antibody are one of the factors. We also investigated the potential usefulness of simultaneous flow
cytometric measurement of cytotoxicity and autoantibody binding to neutrophils in SLE sera for eval-
uation of disease activity.

Methods : A total of 228 sera from 48 patients with lupus nephritis (LN), 19 patients with SLE with-
out LN, 35 patients with rheumatoid arthritis (RA) and 40 healthy males were studied. Whole blood
from healthy males mixed with test sera was incubated. Autoantibody binding, apoptosis and necro-
sis of neutrophils were measured by flow cytometry using IgG-FITC and 7-aminoactinomycin D after
a 20-hour incubation period or after adjustments of incubation conditions. The results were expressed
as the test/healthy control ratio of measured values, and the correlations between these results and
anti-dsDNA antibody levels were investigated.

Results : IgG mean fluorescence intensity (MFI) ratio was 1.0+0.3, 1.6+1.6,20+15and 4.8+
7.5in the healthy, RA, SLE and LN group, respectively, and showed a significant increase in the LN
group when compared with the healthy group (N=20 in each group, P<0.05). Apoptosis & necrosis
ratio was 1.0+0.2, 1.0+0.5, 1.6£1.0 and 2.6 1.9 in each of the above 4 groups, and showed a
significant increase in the LN group when compared with the healthy (P<0.005) and RA group (P<
0.01). By immunofluorescence microscopy, increased nuclear reactivities on neutrophils by autoan-
tibody binding were observed in 12 (60%) of 20 LN sera. All three correlations between anti-dsDNA
antibody level, apoptosis & necrosis ratio and IgG MFI ratio were significant (P<0.0005). Preincuba-
tion with DNA extracts decreased both IgG MFI ratio and apoptosis & necrosis ratio significantly
(N=25, P<0.05).

Conclusions : Our findings confirm the previous reports of increased neutrophil apoptosis in the
peripheral blood of patients with SLE. This study indicates that anti-dsDNA antibody or other antin-
uclear antibodies in sera are associated with an active increase in the apoptosis and necrosis of
neutrophils as well as simple binding to neutrophils. This may suggest that autoantibodies increase
the exposure of autoantigen DNA and exacerbate autoimmunity in the pathogenesis. Although fur-
ther studies are needed, we suggest that measuring the cytotoxicity and autoantibody binding to
neutrophils in SLE serum simultaneously by flow cytometry should be a useful test for evaluation of

disease activity. (Korean J Lab Med 2004; 24: 405-14)
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), o] "o} 7o = Fof7h A EAE AR apoptosis) & AH 5
A #Bok AZAEATE dold 557+ o5 X E A (anti-
neutrophil cytoplasmic antibody, ANCA) 93 A%z} AAA
ZUFAEE A (systemic lupus erythematosus, SLE) 72+ zp7p4
HAZA W] T2 FFYCE YA A1) AEAE
A AlEe £ e] 2716 Alxet 2149 Wl § Alxde] o
&g Wsts dogt2]. oA FYHARIA tumor ne-
crosis factor, TNF) 5¢] A&7 (cytokine) HAARIGlo] A
Zhuj o 2 APA Q] M ZAEAE FEE e, 53] Al xut]
ANCA 8ol ¥d¥uZ[1, 3, 4] AEAL S5 F(apoptotic
neutrophils) & ©|-&-3te] Alxu] e digk AptegAE A&
T 5],

SLEOIA oW 27k = MEHE HFste] Axy 52 3
W el Agsloi[6], ME71eEs HSATIAY A ZAE A
ek A% (accessory signal) & friete] AZAEALE fredh
ohal S 7] AR APERAE AR AZAE AEAL
AAX HARES FABAL AP ARS diehe 98s o
ti8]. = A7yeAl 7y 2138 A< (affinity maturation) S &}
A = W94 3 (antibody, Ab)Z AH&8FA[9], AEAEA
2 FAAA AEAEAL 2 (apoptotic body) 2HE FHEaH
A7kerdo] =2EH WAL JFA &L Yt S,
o] nucleosome©] Z7HESA] T M F3#2 5o] A7k}
A& AFstd, F44 &) e AFEe] A5 dEEA B Al
Z AFo] Yo}y & dsDNA A S T3 A7k 7L 94
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W &4ol] th3k ANA, ANCA £9] z71gAe] uke-g ZAlst
v =], SLE Wik RIZert 95% 2 #%k3 S5l tigh
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AR ASE BETE B2 R ST, B FAERAN
ST AR A7 AgE M ET 424 (acquisition) 3FE elec-
HE AMESIAT Al8gtaat she 8 200 uL
£ Falcon A8 Y3 antibiotic-antimycotic (Sigma-Aldrich,
Dorset, UK) 1% H7Fstith 714 23724 893<] 0
ol 30t A7 YA BN heparin Alg o] xEsle] AY
S 10 yLA EF39th Annexin V-FITC/propidium iodide
(PI) olF FA AolME dextran I73W3 plasma-Percoll
(Pharmacia LKB Biotechnology, Uppsala, Sweden) discontin-
uous density-gradient centrifugationt§ &2 3Z4 g3t
a9k o] EFES 37C, 5% CO, wid7]olA] 20417k vl
etk wf Y&(batch) AFrict A7 HEEA 6959 17
FHE A A

tronic gating 7]

2) otz o

wjok & A¥S phosphate buffered saline 3 mLZE 43] A&
3lth 53+ gatingS 919 S22 CD13-PE (Becton Dickin-
son, San Jose, CA, USA) &£ CD45-RPE-Cy5 (Dako, Car-
pinteria, CA, USA)E ARtk Al &Fde 58S =43
7] ste] a9 thEH A E g9l MPOJ EH?}_} 8
MPO-PE (Dako) & AHE-3}5ith MZAEA 2 XS 2A5}7)
H5ted Fas &40 thal skxel CD95-FITC (Dako) 9} A
¢ § 9l 7-aminoactinomycin D (7-AAD, Becton Dickinson) &
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Fig. 3. The examples of fluorescence histogram: (A) 7-AAD, (B) IgG-
FITC. Solid line represents a healthy case and dotted line a lupus
nephritis case. In 7-AAD histogram Apop and Nec regions repre-
sent apoptotic and necrotic neutrophils, respectively.

Abbreviations: 7-AAD, 7-aminoactinomycin D; H, healthy; LN, lupus
nephritis.
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7-AAD7} FEE o] dlo] gAfo] B, T FHFS FA|ZEA
WA & Z(fluorescence 3, FL3) A& (channel) Z &8 4
th A EZAEAL 2 AL SAS Y3 o2 HPE O 2 annexin V-
FITCS} Pl (Sigma-Aldrich, Dorset, UK) & ©]% @43}ich
A7veHA| o] Adte £7443)7] $181 FITC-conjugated goat anti-
human IgG [H+L, F(ab ), fragment] (Jackson Immunore-
search Lab, West Grove, PA, USA)E AFEEIIT) Al<F 314
o] BB d3S Hrtetr] $lste] 2 Al2APE isotype-matched
irrelevant IgGS AME-3}S
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FAEEA7]= FACSCaliburE ARH-3F1Y Cellquest Z21

= A]»%s}oq 3 2 B39tk 7} A Calibrite bead 9} Fac-
scomp Z2IHOZT AH|E ZAYH EF Becton Dickinson).
FRA P (acquisition gate) 2] 9] (threshold) & FL2 &
FL322 ZA3le CDI3-PE 3-& CD45-RPE-Cy57F 2¢H Al
Z9] events?t 3319 th Scatter plot®} CD13-PE/side scatter
(SSC) plot $-& CD45-RPC-Cy5/SSC plotol Al &5 492
2 gatingstd] 2+ ZAA] 9 5,000 eventsE A THFig. 1),
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Fig. 2. The examples of 7-AAD/IgG-FITC plot: (A) a healthy case,
(B) a lupus nephritis case.
Abbreviation: 7-AAD, 7-aminoactinomycin D.
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Fig. 4. A representative case of lupus nephritis. (A) 7-AAD/CD95-
FITC plot. CD95 expression was similar in 3 groups. (B) Annexin
V-FITC/PI plot. Annexin V*PI-and annexin VPI* were regarded as
apoptotic and necrotic, respectively.

Abbreviations: 7-AAD, 7-aminoactinomycin D; P, propidium iodide.
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EOJo] gt xed 7Phe 73S 71 ds 13A 42 7
F7H](median) & MFIZ dl5ith 43 A7l 714 2579
wolof| w2 7t Alek A o] WA Y
7ZY= B](MFI ratio) & AFEEFIE), FI
g SNl Ads 670 147 9 MFI 3dA=E vhe gheloh
A ZAEALS FAL] tigk SHXE BFS387] S8, AR
7-AAD S|2ETHNA A EAEARES ZARES] §e] WE-go
tiste] A FHe Fhe 747 tixe] R Uro] AEAEA
9} A} H](apoptosis & necrosis ratio) & -5}t A7FekA| 9
A M ZAEANS HAE FAl S7g317] 918k 1gG-FITC,
CD13-PE % 7-AADE A A & 7-AAD/IgG-FITC plot
oA EAsIATHFig. 2, 3).

7-AAD F2ETHAM TE2TE 37 2202 YR, 7-
AAD/CD95-FITC plotol A Al 7+ CD95 E&L2 Z A}o|7} ¢l
AATH(Fig, 4A), T-AAD Bhgo] 7P oFgh 2 AEF, F7
2 AEAEARE, et IO R ERESIT AlEAE
AR AL S 1T T WO E, &4 Rt Sl of
3l annexin V-FITC/PI plotollA] 57-2] A ZAPEAH annexin
V*PT') 9 #JAHannexin V*PI) 2] W42 F3lith(Fig. 4B).
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5) B4o3& 3 540|4(immunofluorescence microscopy, IFM)
719 ol AP A wieet AFE lysis SO R XY
T2 £8A7 Y 43] MFERT IFME anti-human immuno-
globulin-FITC (Sigma-Aldrich) 2 gM3}3 13] A% & Shan-
don Cytospin 2 Cytocentrifuge (Thermo, Woburn, MA, USA)
2 &elo|o WEF kg viEy JFHnFo 2 By

6) & dsDNA 8| st &8
Bl Jabelled dsDNA FHAE AM-31= Trinity anti-dsDNA
Kit (Trinity Biotech, Bray, Ireland) S AFE-3te] WAbHW O
2 A FAAL AE & Fg & HISRE
o] A%yl FAAE ammonium sulfateZ AHAA AT AEE
F AN BET Yo Y 2949 ol F dDNA 9]
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Fig. 5. The MPO, CD95 and IgG reactivity
of healthy donor neutrophils incubated
with the sera of 4 groups for 20 hours. Data
are means £ SD of 20 sera, respectively.
See the material and methods for the MFI
ratio. *P<0.05 versus healthy group.

Abbreviations: RA, rheumatoid arthritis,
SLE, systemic lupus erythematosus; LN,
lupus nephritis; MPO, myeloperoxidase;

MFI, mean fluorescence intensity. nephritis.

Fig. 6. Apoptosis & necrosis ratio detected
by 7-aminoactinomycin D. Healthy donor
neutrophils were incubated with the sera
of 4 groups for 20 hours. Data are means
=+ 3D of 20 sera, respectively. See the ma-
terial and methods for the apoptosis & ne-
crosis ratio. *P<0.05 versus healthy group.
Abbreviations: RA, rheumatoid arthritis, SLE,
systemic lupus erythematosus; LN, lupus

Fig. 7. Percentage of apoptosis and necro-
sis detected by annexin V and propidium
iodide. Healthy donor neutrophils were in-
cubated with healthy and LN sera for 20
hours. Data are means=+SD of 10 sera,
respectively. *P<0.05 versus healthy group.
Abbreviation: LN, lupus nephritis.
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# #7F Hades
H] 2+ Mann-Whit-
] B A] Wilcoxon

AR foAF A
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o
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ney testE
signed ranks testE 3F$ith P<0.050]%H
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1. 2t 2 €I} 20017 S AUl ZETUM 2t EX|
Aio) =8

1) MPO2t CD959) EE % 1gG 28 &Y
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MFI Ratio

0 5 10 15 20
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Fig. 8. The sequential changes of MPO, CD95 and IgG reactivity
by lupus nephritis sera. Data are means £ SD of 5 sera. *P<0.05.
Abbreviations: MPO, myeloperoxidase; MFI, mean fluorescence
intensity.
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oA A EFTE 20A17F vkt & SFe] MPO%}
CD95¢] xd 3} IgG Afel tiste] St vl FellA CDY%
MFI ratio= 7217 1.0+01, 1.0+0.1, 1.0+01, 11+022 7+ &
F93 o5 WA = It P=0.15). MPO MFTI ratio
747} 10401, 1.1+05, 13407, 19+1.002 LNZA 7
olzo] H|sle] So)aH Z71I9EH (P<0.01), MPO Fd8<
7 T AEAL SUER Qg Ay Y] %3] e
w3t} IgG MFI ratio= 247} 1.0+03, 1.6+16, 20+15, 48
+758 LNFAA 2730l Hlste folapA Srhetaetl
(P<0.05, Fig 5), 1gG-FITC whg9] Z7h= A7k A

‘F1‘ olN o rlr Y
°
rir HJ

2) 7T-AADO| 9|Et MIZXITALR} DA} EX
v 9] 7+ 20 Aol A apoptosis & necrosis ratioe 2+t 1.0
+02, 1.0£05, 16£10, 26192 LNFol|A A7 (P<

6 P<0.0005

P<0.00005
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ie) L
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Q |
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30minwithLN 20 hrswith LN~ 20 hrs with H
& 30 min with LN

Fig. 9. The IgG-FITC reactivity according to 3 methods of incubation.
The left bar is the case of incubation with LN sera for 30 minutes,
the middle bar with LN sera for 20 hours and the right bar with
healthy sera for 20 hours followed by with LN sera for 30 minutes.
Significantly increased IgG MFI ratio was seen only in the middle
bar. Data are means £ SD of 30 sera, respectively.

Abbreviations: H, healthy; LN, lupus nephritis; MFI, mean fluores-
cence intensity.

Fig. 10. Indirect immunofluorescence microscopy. IgG-FITC staining of neutrophils incubated with lupus nephritis serum for 20 hours. In-
creased nuclear reactivity was seen in 12/20 lupus nephritis sera. (A) x 100, (B) x 1,000.
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0.005) 7+ RAF(P<0.01)9l| Hl5le] F<J3lA Z7F38lAtH Fig. 6).

3) Annexin V-FITC/Pl 0| iMioj| 2|5+ M|ZAIHA
3

CD95 Z&o st U] 27F §93 xpo)|& AR E3lo
U A7kl 7 LN 7+ 10 Aol th8t annexin V/PI o] 4
AN T AHAHannexin VIPI) W&o 747} 363+
74, 464+78 (P<0.05)°|9%, #AHannexin V'PI") WE&S
747} 109423, 162159 (P<0.05)°]3ith & LNZIA A=
AEALS} AL B foJ8hAl ket tH(Fig. 7).
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2. LN €381} st AZel S3F0M e =28 2t 7
XIxiel £8

LN g;(.],] j?_.g:[Loﬂ T:Hﬁl EJJ} HHOk zA «] wHalol| mhz} of

# HHT':?_]X] %% It w2 11] 4 o}‘iiﬁ}.

A AIZE 8AIZE 12417, 164]
782007 g 5 2t 24 ‘191 H3kE ALkt MPO, IgG
)\] Vb foah oFo] AraA(Zhzt

7k AAAEL o Xl %E}Wr:o_m, P=0611, Fig. 8).
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1 H]3led [gG MFI ratio®] froJ3tAl 7HA3Th(ZH2t P<0.0005,
P<0.00005, Fig. 9). ©] AA8= A3 13 22 LN €x¢ 35
Foll ok 242 3379 A ALA A ZAHAK sponta-
neous apoptosis) & £3F 27} ofJY, T2 E EXH A|E

ApEAR o3k Astoln] MEAEAL 215 S8t LN @33}
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Moj| @2 1gG MFI2] B3}

S A7 Aoz §4E Wo| FFE 1gG MFIZ}
aaeEgt & 83 $F F LN @3] 24 P— M E-S(%LN)
0, 10, 20, 30, 50, 70, 100% ¢ &4 FAo| sl IgG MFI
= 747} 161, 167, 211, 207, 256, 379, 3528 ZA4x|o], MFPHo
2 #9938 FeEAo] AATHIgG MFI=228%LN+156, r=0.807,
P<0005). LN @39 W7 &37} 77k 4o B0z oA
—3] 5\_%31] %}—1 §‘,]);1 }-E]Ui o] 3_4.1—_ 63241,].] F_ZJ 24)\1- /H
2 2L opd Ao Z FAE 4 k.

3. ST KIHA2} & dsDNA EHA|I=ie| ZHA|

LN 9304 2739 5578 A0 WA AEADAL, 7
A, A7V ARE 279 99 F 7 8 dsDNA &
AYE ZRshs 48e S

N @HolM F2 & 1 HAYE 517}
Z7ks19t(Fig. 10). 20 LN 83 2 12 83(60%) A 227+
Aol vjsly o] TF7F S AR BAT 4 ATk o]
B

9ol 4 Fo

LN @43} 5379 elA] 32 8 2919 Ar1gA2) 2
ol 271918 Eame, 1 AvkAle) F2 w4 B0 9

2) & dsDNA &# =&, apoptosis & necrosis ratio 2! 1gG
MFI ratio &S7F Afkd

SLE % LN @XolA & dsDNA A FE¢} apoptosis &
necrosis ratio 7Fl AFIAIFE 0.4920]Q7(P<0.00005), 3} ds-
DNA &9} IgG MFI ratio Ztell A#AISFE 034409 3L(P<
0.00005), apoptosis & necrosis ratio®} IgG MFI ratio 7+l A
HAFE 03580 ATHP<0.0005). F, Al SHA Al #A BF
ol ol SiSiTh(Fig. 11).
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Fig. 11. The correlations among anti-dsDNA antibody level, apoptosis & necrosis ratio and IgG MFI ratio. (A) anti-dsDNA antibody level vs.
apoptosis & necrosis ratio (N=70, mixed cases). (B) anti-dsDNA antibody level vs. IgG MFI ratio (N=140, mixed cases). (C) apoptosis &
necrosis ratio vs. IgG MFI ratio (N=110, mixed cases). All three correlations among three measurements were significant (P<0.0005).

Abbreviation: MFI, mean fluorescence intensity.
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