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Production of Anti-DNA Antibody Producing Hybridoma
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The pathogenesis of systemic lupus erythematosus (SLE) an autoimmune disease, is unknown, but it is certain
that anti-DNA antibodies are closely related to pathogenesis.

The character and combination of the isotype, antigen specificity and charge are thought to be main factors
in pathogenesis; in effect, they determine the toxicity of anti-DNA antibodies.

In this study, the spleen cells of MRL-Ipr/lpr mouse were fused with P3X63Ag8.653 myeloma cells, to obtain
hybridoma cells which secrete various anti-DNA antibodies. From these cells, anti-DNA antibodies were
separated, purified and analysed. The findings are summarised as follows:

1) 14 hybridoma clones produced monoclonal anti-DNA antibodies.

2) 14 clones showed highly positive reaction to single-stranded DNA, and 4 clones out of the 14 clones
showed cross-reaction between single-stranded DNA and double-stranded DNA. No clone reacted with
left-handed Z DNA.

3) 13 clones out of the 14 clones had the isotype IgG2a, «; the remaining clone had the isotype IgM,
k. None of the clones had a A chain.

4) 6 clones showed positive reaction to poly[dA-dT] - poly[dA-dT] and poly[dA] - poly[dT], 7 clones to
poly[dA-dC] - poly[dG-dT], 8 clones to poly[dG-dC] and 2 clones had a positive reaction to poly[dG-dC] -
poly[dG-dC].

5) 3 clones showed negative charge of pI3.6~7.2, 10 clones showed positive charge of pI8.0~9.2 and the
remaining clone had neutral charge of pl 7.0~74.

Our findings suggest that 4 antibodies, which react with double-stranded DNA and have 1gG2a isotype and
cationic charge, may have pathogenic activity. This finding needs to be further tested by evaluating the effects
of these antibodies when injected into normal young antoimmune disease-prone mice.
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-DNA gAlgt ArbreAge] suste] dB4E
Ansy] JallAe oS 2L I-DNA Al B4

E& zesjopt & Zojo.

A=, F-DNA Al o] Fo] A (isotype)ol ot
lerie S 2 AA AR o2 ATl AAGe] FEH I
AR, A7 ok 3 AR AR =¥ o4
vju]dt NZB wh29 b dstel FEEHU
SNF1 u}-9-29] "2 3-DNA Al ¥4L F3tol,
NZB ul$-2oj|A= 8-DNA 3Ale] 23%4to] 1gG2as]
o]Zo|03]S Bgon, SNFl uf$Xodl4= 3-DNA
&2 65%7F 1gG2ad] o]FolAAF & Hrpa Hi
stol, Aghe] fatoll 5 Felxo o]FoldAF ol &
Aslo] 1ee AR v ek

EAE, §-DNA gl 3ol tig Holgolot. &
DNA #Al= o]Z7l<t DNA, ©vt= DNA, Z3
DNA, poly[], poly[dTIS# 22 &FF itel vt
2o Holxd, o|F o|F7l¥ DNA, Z¥ DNA,
poly[dT]%5oll HH-& Rol= &-DNA A7} Ao #
Wi DHY FAVE AE Ao A Yo 2
v, A EelrFaleEte] =] F§ poly[dA-dC] - poly
[dGdT]e] A7ALE 7HAE A ETFEaLElE
ol &g Holt F-DNA A7t Aol gt U
3 A7} Qlote RAE UG’

AAE, F-DNA A7t AAE Asteltt. @47 Al

717t 5| A7 g Agke] AL AEE SNFL uhg-A
o A7 Ago] AW AR ¢k NZB w20
A2} ¥-DNA FAE uvlzsll ¥ A, SNF1 w929
3-DNA Al X3l F2 pl 82~880 FAH
o] FAE W EAE Hlew, NZB ul¢-229 -
DNA AdlE SAQAH0] F2 pl 32~6.00] A =0
SANE de 54 Rgde Bavt Yo ole z
74eA|Ql -DNA FAIFNA L <ol 24 3-DNA 3
A7t 38 HAAE FLE Zolgte AW FA7
g F UL Aok

B dFellA= &-DNA Ao #HEY {55
shedl AL F s, AR gk F59 3
DNA A5 Ayis= slo|HalentAEe] HEE
EH o2 3. olE st A AR F
B9l MRL-lpr/lpr v}-$-29| v|AAES} wlg-2 F
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1. NEEE

10~ 1238 o] MRL-lpr/lpr v}-$-A% Jackson laboratory
(Bar Harbor, Maine)© 2 HE] F4lste], ¥ 2A4lollA A
53 20~24F3 9] AL A&t
2. EFTBNE
uh$ A SFEEANEE 2 A9 FAE ALAA ¢
L P3X63Ag8.653(ATCC CRL 1580)% 10% F-eio} &3
o] ¥&s RPMI 164084 (GibocoBRL, Grand Island,
NY)oll4l 10°/mle SASHES s, AXgd A
w2 & Z3hksto] A-8sch

3. HESE

20~24%# ¥ MRL-pr/lpr v}-9-29] delo 2B o
g Pelsted Seols] FHoE FE AL olFsHe
DNAGI ol HAAGRAFAEES AWstod, Ayl
DNA sl oAzt B vheag Adw ¥,
Gelfer’s] Wh g ol &3to] AT AL A 4
a8 vhgzel Hge FFHOL Aol RPMI wiA
2 33 ANE BF, AL sz Ao A &



A% 9] 39 : MRL-lpr/lpr ub$-2~2 B E] 31-DNA 3hA| 4] stolva|snlA e ¢4z &-DNA Aol &4 4 3

ol FHA9 Aolo Yol FA Foil, FAHAE B
ok 1,500 rpmoliAl 5EZF s, G NS AAG
gt AEFE AAS] A FHRFE 1 ml

Z22F wxg ¥ 1500 rpmellA 5EZF A3 gdd
RPMIZ 23] ©] AHste] 2.3x10%mle] AEZ gl
At wixE ZolFE A whg7]9] P3X63Ag8.6533
RPMIs|Z] 2 23] A1X3te] Sx10/mle g w3 cofg v
AM|E2} P3X63Ag8.6535% E3gtalo] 1,500 rpmoflA] SE
7 sk AHNE AAS L 257 ATV A&
Aol s g o3, BAEFe] 1,300~1,600% Fajojd
22l &(Sigma, St. Louis, MO)Z} RPMI ulZ] & 1: 12
T3l e F, 37C 24l Ax|ste] FogW
50%(wiv)e] E=iolidaAMZelE &N | mig 1§7to] 2
A shikeA sbsta, RPMIsA 9 ml& A8 7}
NF ohF 1,500 rpmoll A 5E7F A At AAE &
gol BHo]l 10% 7t RPMIEjRE HEHA1A 4719
96 well plateol] F-F3}5L 37T, 5% COF F717F U=
Aol 4 24X 7HE<k okeioich. §3HE Mo A
- hypoxanthine(Sigma, St. Louis, MO)o] 13.6 mg/ml,
aminopterin(Sigma, St. Louis, MO)o] 0.174 mg/ml, thy-
midine(Sigma, St. Louis, MO)o] 3.87 mg/ml 18|31 S
of dXe] 10% *7t=l RPMIn|z|(o]s}l HATH|Z|2} A
e A8sle] Adalsiedct HATHAE 88 AA)%
ohEE 7 well 2100 WA Hrbeka, 29, 4ol
< WA 100 S A eiRlZ mghel Flom, o)
FLoich 100 48 AR 23kt 12~ 149 B¢
LR TS

4. FAHIIEH

8% AEE25E] -DNA ghAlo) HAS 1A
A M ALEY 12~14Q F AL Y Y
& wellol 4 A 100 44 Asto] EAAYR
e Austch $Ue Seote] FHoz ¥
2 &U7i=t DNAS o]F7le DNAE 5 pg/mle] 5
58 QA hF-8H(PBS, pH7.4)0l] 3] 4sto] 7+ welld
100 1% 96 well plate(Dynatech, Chantilly, V)ol] 7}s}od
Al LollA 1A7F Z9F AX8 & 0.1%(w/v)PBS-Tween20
(PH7.4)2.2 33| A¥sgdct shgdo] Faxlx| oo
g sl sy BSA(Sigma, St. Louis, MO)7}
1%, Tween20(Sigma, St. Louis, MO)o] 0.1%(w/v)&+-g-=
QlAld 2l 2 oH(1% BSA-0.1 % (w/v)PBS-Tween20)-&
wellgd 100 pld YolFa Ao 147F S AX|
F AZFE AHAS Yol Aoy 147 F9F ube
A4} olul DNA7} &R welloll Tufts o) &H(Boston,

[Ce )

MA)o 2 HE] BF2 §-DNA FAE 43t slhol
Helsul AEQ H241 wiFH g YolF ZHE FAdd=
T2o8, DNAZL 3| AA] ¢k wellol] H241 w3
Yol& AL SANZRTLRZ Ak HHEF 0.1%(Ww/v)
PBS-Tween202. 2 33] o]4F A3t % alkaline phospha-
tase7} K25 E77] 8F-ub-9-A(rabbit anti-mouse)lgG, IgM
a2li IgA(Sigma, St. Louis, MO)E 1%BSA-0.1%(w/v)
PBS-Tween200]] 1: 25028 3] 4lsled Ho]Fa A2
A 227 Fet vbSAFH R HEgol Ed & 0.1%(w/v)
PBS-Tween200.2 23] A)Hs}sr, Trisd<=H(TBS, pH
7.4)ol Tween202- 0.1%(w/v)E Al YolA] wFE 0.1%(w/v)
TBS-Tween202. 2 13] © A% & % p-nitrophenylpho-
sphate 20 mg¥} MgCLE HEE%7} 50 mME XS so-
dium carbonate buffer 20 mlol] H7}sle] ubE 7] 2 Lol
100 WE Arkelo] AgAlA 247 B4 AR F
ELISA reader(Molecular Device, Menlopark, CA)& 3}z
405 nmell 4 FRES SARGT

5 ME E24

35 AEolA F-DNA A& A4ksls wello]
7%, Mckeamn%'*9] #3342 o] &sto] wellF 3
x10'/mle] ME7} Eol7tEE sAetn AT ol
welle] ¥l AEZ A3 12~142 Fo)| t}A] FAAHY
HYFH S ol &3t =2 dAZFE Yl wellS
Adsldct. Ao 22 A S 23] o Azt AT
EREH 7198 AZYE FA3 sk

6. HMIZZ EXQ O|F0I2AXIHAY

HAEF gAY olFolAAY S AAHI] WA
A o FE o]Folel ¥ AA kit(Pierce, Rockford,
ILE AHEste] ALAFHAFEHE Agedet. %
He ksl vlEsd, WA @drtd e o] F7he
DNAE 5 pgmle] 52 Q4 2hF & H(pHT )0l F]
Asto] ZF welld 100 ulA] 96 well plateo] 7}3fo] A2
ol 147} et A ZF, 0.1%(w/v)PBS-Tween20
(pPH7.4) 2.2 33| A™stdct ko] F-2h5)x] ofe %
-8 xtghslr] Yste] 1%BSA-0.1%(w/v)PBS-Tween208
A 7k welld 100 g HolFm Agold 147 %
o BAY ¥, Platecl] AEHFRG Fol 7CAA I
A & BHSAY g, 5EFY] &ukes B o
o Z28a(1gM, 1gGl, IgG2a, IgG2b 9 1gG3)-g YolF
I} 37Tl 147 Z9l w2 X)) Alkaline
phosphate-§-°§-8- Trisd #FH(pH7.4) 2.5 mig T =*g
9] w2 3| AMsle] 7+ welloll 50 u® Yol F3 37T
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olA 1A EgF HHSAF| S 0.1%(w/v)PBS-Tween202.
2 23], 0.1%(w/v) TBS-Tween202.2 13} AHg *
p-nitrophenylphosphate 20 mg# MgCLE HFFE7} 50
mMX] 52 sodium carbonate buffer 20 mlell “F7}slo]
RHE 7)1 E 100 uE Arheho] ALolA 247 FY
A28 & ELISA reader® 405 nmoll4] F3FEE5 A
s}i ek

7. &-DNA &x|9| A

3-DNA A& HAs7] $iste] DU7b=t DNA-aga-
rose(GibcoBRL, Grand Island, NY)Z matrix & A}-£38F *
stagvlE s gS AAstk. 37tk DNA-aga-
rose matrix& 27 1 cmgl §2 ZHol MY Fo|7t 8
ems} A & f2 A FI9 100] FEo QAAE
NpH 74)¢ SAAA FYE ol FA sdrt. sfolrg
Enl AZ skl s Ao FHAATY F A HTA
(pH 748 E3AA AHsia, 700 mM NaClg-H& &
A FEFHo] 260 nmol| A FFE7L 00] H wi7tA
Al 2 mid ol 2.8 ¥ FAA=AZCY} AP
QAtd gkFM(pH 7.4)2 2M9] NaCl§H-g& ez &7
AlAA AEG F, A ALt ZAR -DNA
gAle 32X FRTol 24/ 5 AR ¥ FAA=
Al715L 100 ng/uie] 571 HES TRTE FHIA

t}.
8. SDS-Zz|oj3oolol=d HIIGSE

T4 HFEAZY] Ao 2 RE] U7t DNA-
agaroseE matrix 2 AH83 X3 FZulEadF el 9
MA Rel, AAE 3F-DNA 3FAEFZ Phast System
(Pharmacia LKB, Sweden)©.2 SDS FX w7} 10~15
] pre-cast#l(Pharmacia LKB, Sweden)4ollA] 250 V, 10
mA, 3 WollA Vh(voltours)7} 65 Vh7} Bulj7tA} Z7|d
29 A& & PhastGel Silver Kit(Pharmacia LKB,
Sweden) 2 2G4 AA|ste] we] A& At

9. 8-DNA &2 &t37| 23

7t 3F-DNA 3A|Eo] $4- o2 Zisle 471449
S olHy] $Jsled  poly[dA-dC] - poly[dG-dT], poly
[dG-dC] - poly[dG-dC], poly[dA] - poly[dT], =Z&]3L poly
[dA-dT] - poly[dA-dT19] 5% A ZeFEdleEtole
(Sigma, St. Louis, MO)E o2 A-83le Wy 4%
EdsiA ZAZJPAGFE S AfgezH 3F-DNA
FAe) gl ozt wrSr1E AAsksch

10. SHERIFHTI|H S soelectric focusing)2] A2l

Phast System© 2 pH 5587} 3~9%] pre-castd4}
Ny FAARAINGEES AR F 248 AA
of W YAE sk WAL kel Sge,
2,000V, 2.5 mA, 3.5 W& Vh(volihours)7} 75 Vh2u}j7}
A] prefocusingS g+ ¥, t}A] 200 V, 2.5 mA, 35 WE
90 Vhrt "ai7tx] N85 AL 2 F 2,000 V,
25 mA, 3.5 W& 500 VWA focusingstdch. wo]
A2 SDS-EElotmdotulo| =l H7|od Foll Aot upzt
7} 2 PhastGel Silver KitZ -£34& AA|sle] 2heols}
%t

E-| o}

1. N ESEH

TG 24 45U F FRAZY 34 d4e
YEr3E olg3tel AAY S ATk HAT ¥l
AL $HA e ATE 34 BdE ¥ & W0
S35 YLFE HATHAG et AERAZ A
AR Azrol Aol mek AEF7 FEHAG. ol
dhl $3E AEE 7~8o] HAA AEYete] Hol
312~ 4ol welle] W ol4E HE § U AE
2 FAeg ol2e ATFHE 63)e] AAA A
d9n $YEELS 30~-50% A=

A

pm
~

2. 8-DNA SO HAROIM U A ChS W
sE a3

3 gLl g wg

2Re 2 D7l olF7h 22l 73 DNAo)

A e

At WA Z

ft

A$, BE 88 WS
Bolz ¢igtrt. olF7hehe] DNAo) tizte] A&
SollAE 97 FEel WHES HPen, d¢vtd
DNAol dlsle] A& Afollie 41T Ee] RS
Berh olF bk DNA) oisliA Hhgg HAW 974
FEL ©Y7le DNAC dsidE axpihe& Egidh
(Table 1). 141709] FEF 405 nmoll4] F3= 1.0 o]
S B9l A5 27FEH FFET 10 olstelnt
o]Z7het DNAo) ¥Hg-S RAW 5749 FE2 A3
Aoz TR

3. 2-DNA gx[2] ojZoiIXtE 2
23]oll 2 A Y-S APsls FFolA, 1582
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A% 9 39 - MRL-pr/lpr wh9-22 7€ 3-DNA A4 stoluelEutAlEe] 42 &-DNA Ao 54 24 5

3}.DNA &gl 9717 2% dobd HIL o]F7t
DNAS} whal7iel DNAo] 2% uh3-g Holx Al
Adrck o] 5E AL U FEAEA AL
}-DNA al9) o] o)A S ZAAs7) $std 7
F29) wjkfoz o|Fo|AARAANS AW 23,
IgMo] 122 [gG2a7v} 1532 18|31 1gG37F 1580]%
Ed, o]Z7ld DNASL w7zl DNAo] Zaukg-&
H2yd FRE F IgMo] 1FE IgGart 2Z &0t
(Table 2).

o WL clo

4. SDS-Zz2jotzglololo| =& HMI|HS(SDS -PAGE)

A DZEANT AxAor HE hAdrlet DNA-
agaroseS matrix® A48 W3tz ulEaw oYl
A e, AA= 3-DNA A5 E Phast Systemo &
SDS T STui7} 10~15¢1 pre-castdlAolj A A7|dF &
AAsle] S-DNA sxle] £52 ool Azl el

Table 1. Antigen specificity of anti-DNA antibodies

3

5 A% 1E13} 3D8, et F
2F g4t oy =, ZAEHA
A7 s 3F10, ala A9t o] of
g gF BF PAGAE g3 A2 2 Fd=
HA e 2F6E A3 YA 9] 3H-DNA JAE2
ZH7L olEsle AXE AZEE ol shte] wurg
A chFig. 1). olFoldrtE o] IgM]] 2F62] H -+,
AstazvtE Aoy F o AAs] STl
£, AAslaa st =Hdx BTsln, £EeE,
AAE + gllenz, B dFdAe 1 old ALY
T At

5. &-DNA &xo Saa7| A3

SDNA gl gy ARl AN SEF
o YREAFZULIEE FUoT Agele] A

o e l[“—:E—L
4 FAAGRAEAY AWg A3, ool §DNA

Table 2. isotype of anti-DNA antibodies

Z-DNA dsDNA ssDNA IsM 1gG1 1gG2a IgG2b IgG3
OD.>1.0 0 4 27 dsDNA 1* 0 4* 0 0
0.D.< 10 0 5 114 ssDNA 1 0 15 0 |

“They also reacted with single-stranded DNA.

“They also reacted with single-stranded DNA.

Fig. 1. SDS-PAGE of purified anti-DNA antibodies. Lane 1: Size marker, Lane 2: 4A11, Lane3: 2F7, Lane4: 1B5, Lane 5: 1G10,
Lane6: 2F6. Lane7: 1C3, Lane 8:1B7. Lane 9: 3F10, Lane 10: 2C7, Lane 11: 2C10, Lane 12: 1E1, Lane 13: 3D8, Lane 14: 4A4,

Lane 15: 4H11, Lane 16: 4D7, Lane 17: 1B2.

Lane 1~Lane 8 and Lane 9~Lane 17 were separated on each gels. Each antibodies were applied 100 ng/ 1 to 10-15 gradient
gel and separated by Phast system. The band was confirmed by silver staining.
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Table 3. Epitope mapping of anti-DNA antibodies

poly[dA-dT] - poly[dA-dT] poly[dG-dC] poly[dA-dC] - poly[dG-dT]  poly[dA] - poly[dT] poly[dG-dC] - poly[dG-dC]

1B7 - - - - -
2F7 -
1E1 + +
1G10 -
1B5 - —
1C3
4D7
4A11 - + +
2C10 - - - + -
2C7 - — — - +
1B2 + + + ++++++ —
4H11 - - - - -
4A4 + + + + + + -
3D8 +++++ ++++++++ +++++++ ++++++ -

+ + *
L+ o+
Lo
[

+

—: no reaction, +: positive reaction

*The O.D was calculated by Asosnm(sampie) — (2 X Asosom(Blank)). Each+represents 0.5 of O.D.

Each synthetic polynucleotide was coated on 96 well plate at 5 pug/ml. After washing and blocking, 1 ug/ml of purified anti-DNA
antibodies and alkaline phosphatase conjugated IgM, IgA and IgG mixtrue were added into each well at lhr interval. Development was
carried by using p-nitrophenylphosphate. After placing plate at room temperature for 2 hrs, optical density was measured at 405 nm.

B coivloA-dTI - poiylda-aT]

351 poly[dG-dC]

' poly[dA]] - poly[dT]

301  E polylde-dC] - poiy[dG-dc]

1 [ polylda-dc] - poiyLd6-aT] n

0.D.(405 nM)

ik

187 2F7 1E1 1G10 185 1C3  4D7 4Al1 2C10  2C7 1B2 4H11 4A4 308

Fig. 2. Epitope mapping of anti-DNA antibodies.



7MW 9] 391 - MRL-ipr/lpr ub-§-2 2 5€] 3-DNA 3Rl 44 stolnel=ulAlLe] A3} 3F-DNA 3Ale) 54 &4 7

GAlZol poly[dA-dT] - poly[dA-dT], poly[dG-dC], poly
[dA] - poly[dT], =x2]x poly[dA-dC] - poly[dG-dT]E
W& Edou), poly[dG-dC) - poly[dG-dCI¢he 23
mho] BF-2-S Hgrh(Table 3, Fig. 2). ke 7tet DNA-agarose Z#EA oA A AIS A 2
IgM F&3 29o] ¥ IgG3 FE& A% 1549
IgG2a S22 % SDS-PAGEAOA wHAdFzEalele 3

6. SUARTIIASHo0| s &-DNA FH H

St=

ol
J

Table 4. Isotype and isoelectric point of purified anti-DNA anti- g ¥, pHEETulE{7l 3~9%) otz Holuto] Al
bodies AollA SAAA ArldE5S AR Aa, SAAGA
Clone Binding to dsDNA Isotype pl range of X Aol 3ZE, FAALHA AXE Aol 112
2olglrl(Table 4, Fig. 3).
1B7 - IgG2a 82-9.1
2F7 - 1gG2a 86~9.2 ] =
1E1 +* 1gG2a 8.4~9.1
1G10 - TgG2a 4.6-5.9 At A A Fof shied AT Gge HH
5 ) 18G2 60768 g wesHe obdAA # YA YA gk a2,
o . o > BANEVYIRRAS 9o F2 o7he) GDNA
:EZI - :ﬁgi: 8'89;09.0 A7t EAQGhe A2 °L-DNA A7 Asle) &
2C10 - IgG2a 8.2~9.1 ubof] gloj4] oAz Zgstelete AL oujdg”
2¢7 - 1gG2a 9.1~9.2 LAl gtz Bao] glE -DNA Aol glof
1B2 + IgG2a 9.0~9.2 A olFolAtE, ol iyt HolAd W Ao A3
4HI1 - lgG2a 9.1~9.3 7t £2% S4o2 n¥sT e, olE 545 F
4A4 S 1eG2a 8.8~9.2 ol & sixjatel SlsjA] Aste] SuEL Ho| of
3D8 +++++++ 1gG2a 8.8~9.1 o o] AZMAZE A2 ddmAe ZAxmA Askg qub
— negative reaction to dsDNA but positive reaction to ssDNA 3= Ao g AzkEd
a+: positive reaction to both dsDNA and ssDNA A E 14229 T Z AT So] En)sk g-DNA &
o - epresems 0.5 of O Rammes) AFS TF DUt DNAG NS Hilew, o] F

pl 9.3
plo.l
pl 8.8

pl8.2
pl7.2

pl6.8

pl 6.6
pl5.9

15.1
Piae |

pl3.6

Fig. 3. Isoelectric focusing of purified anti-DNA antibodies.

Lane 1: pl marker, Lane 2: 2F7, Lane 3: 4D7, Lane 4: 2C7, Lane 5: 1E1, Lane 6: 2C10, Lane 7: 4A11, Lane 8 1B7, Lane 9: pl
marker, Lane 10: pl marker, Lane 11: 1G10, Lane 12: 1B5, Lane 13: 3D8, Lane 14: 1C3, Lane 15: 1B2, Lane 16: 4H11, Lane 17:
4A4, Lane 18 pl marker

Lane 1~Lane 7, Lane 8~Lane 9, Lane 10~Lane 14, and Lane 15~Laen 18 were separated on each other gels. Each antibodies
were applied 100 ng/ ! to 3~9 pH gradient gel and separated by Phast System. The band was confirmed by silver staining.
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