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Development Mechanism of Human Lupus Nephritis

Tatsuhiro HARADA

Abstract: Systemic lupus erythematosus is a prototype of human autoimmune diseases, characterized by aberrant immune
regulatory T cell function and excessive B cell function. It has a wide spectrum of clinical manifestations, of which renal failure is
the principal cause of death. Serum levels of anti-DNA antibodies are correlated with this disease.  Cationic anti-DNA
antibodies are detected only in patients with active lupus nephritis and possibly may be involved in the development of lupus
nephritis through #n situ immune complex formation on the glomerular basement membrane.  Studies on lupus mice suggest
somatic mutation of anti-DNA antibody to have a critical role in generation of the pathogenic autoantibody. In human lupus
patients, the x chain of the cationic anti-DNA antibody derives from the germ-line Vx gene (SG3/A30) with no cationic shift.
Characterization of SG3/A30 gene locus has indicated polymorphism of immunoglobulin Vk locus and failure of receptor editing to
possibly be contributing factors in the development of human lupus nephritis.

Keyphrases: anti-DNA antibody, cationic, lupus nephritis immunoglobulin, genome, plymorphism, receptor editing

# '

2 &t xY 5~ b —F A (Systemic Lupus
Erythematosus, SLE) X, B CH&DOHER L £EHEEED
MRRILE T & 2 RIEMMEBRIEE SR b5 REFRHD
FIRThD, BREDN%HBEETHY, Lid, HIRHT
ERREICERT D, AI—RENRER Y, —IIENAE
IRORGFIERE? BEVZ & | SLE BFE D human leucocyte

antigen (HLA) 2% All, B40, DR2, Drw8& #8883 Z &

I HiTik, HU DNA Hilsa B 42 BF D HLA 13 DRws
LB 2L BMEINY, SLE OREDFERL LT
BEZHORANBEX LN TS, SLE HOMERE HRSR
ET AU ATRBWTS, Ipr (lymphoproliferation) &1z
T4 R gld (generalized lymphoproliferative disease) #/=¥>
BEEENTNWD, E7z, SLE BAF TSI T #iakk
EPRBOEDHPICELIETLTVWSZ L, BEV

BFRIEGR S BISEIFFERT (T607-8042 RERHILRIX W EREFFET 1 4)
Drug Discovery Research Laboratories, Kaken Pharmaceutical Co., Ltd.

(14, Minamikawara-cho, Yamashina-ku, Kyoto 607-8042, JAPAN)



36 FHEZL : 28 ) 7~ b—T 2BEOBRBEMFF

REBEEEGHETLTWAZ L, iz, BF B
MBRORY 7 u—F LB bR E 2 & E8eE &, SLE
DIFE & L THREREE THAMER LU B MgiED
BELEXLN TS,

A TIX, SLERAFICE ZABR (L—FRABR)
DOREWFITONT— 2D ERBMS LI,

1) SLEDRRKER

SLEIX, BEERMIC [ZIRREEMOLHMERIEMKS )
LEBEINTEY, TOBKERIIBD TEETH D,
Fo, BMELEE (EHH) 2RIVRT LD, TOK
BL2oTNB, 2D, BERFBLEEEIRTH D,
%< DSLERE TR LN ABMKER E LT, BBRERN
74.5%DSLEBEICR b, AT, U U EERD 57.2%,
BOATBEAS 52.9%, BAENEAS 83.7%. BEEiRA 58.2%.
EARD 634%, MERH 51.0%, BEREF 50.0%, H
MERRAD D 78.4%, BINA 80.4%D BHITHIT 5 A,
— ADBEFIZTRTOERBHERAT L0 TIEA2L, ER
WL o THBEMICENR NS, SLEIE, Z0X5iC
SEHREREETHERBRTHHMB, #TH, BREIMH
SEBER. TORKRVEERZ DL RV, KEDKER
DOELMELEDTND,

2) V=T ABR D

N—FABRIE, FRELELAT IR OEELZBRFE
THY, BIROLIBY, 50~70%DSLERHE T L HD
BEE (BAR) BRE 12ELRNICEZ 5, KREs:
T, RIEEICHRMER, AMmER, SEOMERMEME
REBRLNAD LT D, BRI, —BEEER
. BEMEARE, 270 —PEEHBLIUER2H
O ABCHEIN, REMARFRICEIA T XYL L
— 7" A% (mesangial lupus nephritis), HIRHERHMEL—T
ABE %% (focal proliferative lupus nephritis), ML —T 2
4 (membranous lupus nephritis)33s & VUV AAERENE L
— 7’ A% (diffuse proriferative lupus nephritis)® 4B K
Bla&nb, AFr¥ UL - —F ZABROEREFMENL
— 7 ABRIT—MC, AT A FEIREDERICEISIK
L. FRIIBFTHS, LI L, BEEAL—TABRIL
F7u—PERRICBIT LOT K, O AEEEL—
FRAGRITKR T 0 —EREERHEZRTEMMTIE AL T,
BAREIZBITLOTY, BEAEEREMEL—T AB LI
HFIDNAfUEM A . [EfEnELZ =L, FERORLE
WREITH D,

3) SLE! HiDNAHifK

SLEAE MiE DEFFHREICBV T, MERK GRMER,
m/R, U 233K) BRAr. BEAGY L PR R B B
EHRErBRB IS, ZOR TR LR LEER L OR
BRI T 25 (HiEsE) Thh, SLEDIEiEs
B TERMEIC A2 D, SLEICE b AFEAI/2 b DA 24K 8{DNA
iZxtd 54U (HFIDNAFUE) <TH O, SLEDEEMEL I
TLUTEST DT, EBIMRHIE R OVERUSHED FE
ELTHIASRTWSD, 5E%F, SLERAEMERD IgG
FIDNAB CHE L~V LIRBOMEENREN, 3 DHIT,
HARRIEELRAIZDNA & FIDNAH A D S S i i X
Ni=Z b, HIDNAFEOSLER A~ O BEHEA& S
RSN, SLERE M HDOHDNAFIAMNDNA & K L.
) LTCTE=RBEEE I E L DEFTILE L, A
EEXBEEZTILENRENELD, LaLARBL,
N—T ZABROBIE IR T D HFDNAFUEORENT, K7
FHLRREERL TV, T2bh, BOHIDNAGEM 2
Y SLEBRHE THLI—7 ABREZFIE L TVARVEF 2
BOoME S, &5iT, NZB/NZW= 7 R IZREDH
DNAt/ 7 u—F ik HET52 Lk, Zo=
DACBRRET AL EINTVANL—TABRORIES
HHT 5 Z L BREIN, SIDNATUERLT L HLBERR
EORREERLRNVWI L2 RTHELHTE LS,
AT, V=T ABRERIEL CTVAHIEBH SLERED
FaL T, TOMmEPIERMODNAIRE SN, -,
EEINZFER L OC0ES 55 IXDNA L HFIDNATTED
BEBIIHEB IR VI BRELH DD, L
L&IT. NZBNZW FIL—F RET N~ &AW
& D, BHEWERDNATUSOHE L BRORIER—
B, BROEEE - Bl St LB ERDNA
REORENERETHZ LY, BHEFECRKZ I/ 2T Y
NGB EIONRMEITHE LTV D BRI EE
ECHENERA L TRETIZENTEAZ ERLEN
RENY, BEEN 8~9FRT X 5 RBIEHEDHIDNA
FAERN—T ZABROBIEL RS BERLTVD Z L2135
ERBERTWS, T72bbh, HIDNARED 5L, %8
AERBOVHE (BHHEFDNAGTE) MSERCHEL -
ARG BB OB EEBR KT 5557 L HEER
L. £IZ T insitu BB AEREHAR L TR EOB#
ERL2EEIRBITLEX LN, EBRICHDNAFKOH
W, AT URBR L KOS T A EEMMPFET D Z L AR
SN, &b, HEMOTHEIN—7 ZABROFER
HHDNATUEOEE SR T S Z LB RESh, V—
T ABRBIEC B ERDNAFIESEE L TWA ATEE
HERREBEN TS, LHALERRL, ZORBMICKTS



WEEFEFIKZRIE Vol 47, 35-47 (1998) 37

H|MELREINTEY . Yoshida HF, FIORMDONL—
T AU R ANTI P BERESDNATEM L BRI
BELZNWZEERRTHD, 2D, EhOA—TR
BRTHZDOERBMBERY SLODOME 5 MIFRHTH 7,

4) SLERAHZF DB RBEICEIT 5 BIEHT EHRDNAT D
=)

RBIERDIEE - RIC KR L eV —F 2B REBH
OEPEHBRNEITIE., ZOBREORPICIZEBOE
ARKRE I, BEMIEEEZTL, DLPICIIRDNAR
ERZEICHRE I (140 Uml), Z0HBREOMmFEFH
DNAMIBEOEEBREHH L TA B L, L NICBHEICH
B L~ HIDNAFUERFEEL TV, LrL, BREDS
Vi=YurgEicky), RRBEML. REA. #ik
i ASIE % EBRIC EE 95 L 32 i O HDNAGU M X
B L(10 Uml), $CBMEm EHIDNATLA S BE TS
Lz, &5 REHMERDNATEOMHAHDOHEK
HREBEADOHEL LEETAZEE, ST sfloL—7
ABERBETHERL,. TDH>HD 261% Fig. LILAR Lz,
&5z, HRL B4R EFDNARE & P HIDNAGLE
DART R T B RIGHEZ A THD & Fig. 21
Rt & 9 BRI EHIDNAGUEII~ /T B, DNAD
WIS S RIS L72Diost LT, FHEmDNATT I DNA
ERIET D bDDA~NT UHREBRIT ST B RKISE I R
EHDNAFE L Y biE» o7, LD X 512, SLERE
DBHEHERDNAGTUEIIREA L BHEICHELTRY |
BT E D HDNATUE R A~NRT VBT RERE TS Z
LR ENT,

5) W—TRAGKE~NRT KB

ARG UHBRY., BARGEERAERKTIEERS
Va7V Thh), BRREEEBREOFRENY
T OMBICEERFZREEZRILLTVSY, &bt ~8
S URBIIBARBEEBO YA BIRANY 7 OHRRT
LEERFBEZRLLTOA ZLENTRIN, BARAREE
EBECBIT A~ T VRREBOBHTEDORY PN E
ARZESRITIENERIMICBVTRENTVS
2 F, ERMEBEBRBETHLANRT UHBBEKT S
RYVT7=F =y ZBUOBIBBEINTVEY, KK
OB BHEEZ T HBEICMA T, ~T UHREBIEKT
BV =AU EMALIm G OFRR, Rk REEe k0%
HRE~DILHFICHFS LTV EY, o T, BHEREHDNA
PUEN, ~RTURMBIC L VR AN BARGEER
OF =4V ENICREET D Z LIV —T ABRORBEIC
BWCEERZLTHY ., ZHIC L > THEBHBENSE
EXh, RFFORELZBERILTNDLEELLND,

BHERFETIDNATE S & D & 5 REFE T~ URERIC
BETHONIFTHTH AN, V—FRABRBEOEHE
BTRLNARKRELZEBEOEE L, B EHDNAK
EBRA~RT R L DORERED 7 = A AR AR 5
I in situ BBEEBTREA D =X L5 U CEEEST
BrLiickoTEERBZEINALEE L DNS, UL X
2T, BHERTEFRDNATE L BARBEEBRO R E
SFEDHTD insitv FESEFERMSE MicBiT 50
— T ABROBECEELREBEZ R LTVB LEED
X L7,

6) BAEHEFIDNAGIEZ 2 — F92%FE I nTY &
SUTEEEREGT ¥

A B CD

Fig.1. The association of decreased proteinuria with
disappearance of cationic anti-DNA antibodies. Sera were
collected from the two patients with active lupus nephritis at the
onset of the disease and after remission with glucocorticoid
treatment (lane A, case 5 at the onset; lane B, case 5 after
remission, lane C, case 6 at the onset;, lane D, case 6 after
remission).  Anti-DNA antibodies were purified from 1 ml
each of the patient’s sera.
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Fig.2. Crossreactivity of cationic anti-DNA antibodies with
heparan sulfate. The anti-DNA antibody preparations
collected by DNA-cllulose were separated by NEPHGE. The
gel was sliced, and anti-DNA antibody preparation with various
pl point from each gel slice was recovered. Reactivity of these
anti-DNA antibody preparations with heparane sulfate was
examined with ELISA technique.
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Fig.3. Expression of cationic anti-DNA antibody mRNA by anti-DNA antibody secreting B cells of the patient with lupus
nephritis. Peripheral blood B cells during the active lupus nephritis of the patient S were separated on the basis of DNA-binding
ability by MACS apparatus. Resultant B cell subsets were tested for cationic anti-DNA antibody light chain mRNA expression by
PCR-based technique and anti-DNA antibody secretion by ELISA. PCR products were hybridized with CDR3 probe of SC17 and
B -actin probe. (+) indicates cDNA from DNA-binding B cells, whereas (-) indicates cDNA from B cells not capable of binding
DNA. Ten and 100 times excess of cDNA from the DNA non-binding B cells were tested for the mRNA expression.
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Fig, 4. Expression of SC17 mRNA in B cells of SLE patients with or without renal involvements. SC17 mRNA expression of
peripheral blood B cells from 10 SLE patients (except the patient S, see Fig. 3) was analyzed. The SLE patients contained 2 patients
with active renal involvements, 2 patients of lupus nephritis in complete remission, and six SLE patients without renal involvements
(non-renal SLE). Ten normal volunteer donor served as a control group. PCR products were hybridized with CDR3 probe of
SC17. B -Actin cDNA was amplified simultaneously. As a control, cloned SC17 ¢cDNA in pBluescript vector was included.
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Fig.5. The schematic structure of human immunoglobulin Vx
gene loci.
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Fig.6. Restriction maps of Scos 10 and position of primers and probes.
positions of long oligonucleotide primers used for a long PCR study.

Bam HI, Bgl II and Sma 1.
comparison (76).
determined after subcloning into pBluescript II vector.
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Restriction maps of Scos 10 and approximative
Scos 10 was mapped by restriction endonucleases including

Proximal A region of human Ig Vk locus, essentially same with Scos 10, was postulated for
Scos 10-f2 was a Xba I / Hind III fragment of Scos 10 containing A30 gene, and its nucleotide sequence was
Arrowhead represents a breakpoint reported by Lautner-Rieske et al. (76).
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a7 Y LS Z—D receptor editing 7

Fig. SICHUAERSHD FEEA IR E X Y receptor editing #
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Fig. 7. Long distance PCR in Ap region of the genome from patients with / without nephritis. Long distance PCR between
A29 primer and Down2-L and subsequent hybridization study were performed. Long distance PCR products from normal
individuals (Lane 1-4), patients with lupus nephritis (Lane 5-8) and lupus patients without nephritis (Lane 9-12) were loaded on a
0.6% agarose gel and hybridized with m659-2 probe, which was isolated from the downstream region of A29 germline gene by
Pargent (69) (see Fig. 5,6). The blot was also hybridized with Scos 10-f2 probe containing A30 gene. The size of the amplified

products are approximately 13.5 kb.
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Fig. 8. Receptor editing mechanism.
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Fig.9. Rearrangement pattern of A30 Jk2 Ck segments in
B cell genomic DNA in patients with SLE. Schematic
representation of long distance PCR for detecting receptor
editing in B cells.
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Fig.10. Rearrangement pattern of A30 Jk2 Ck segments in B cell genomic DNA in patients with SLE. Results of long
distance PCR detecting receptor editing in B cells. Long distance PCR between A27 primer or A30 primer and Ck+20 primer
(approximately 6 kb) was carried out to study whether A27-Ck and A30-Ck rearranged products were present within the B cell
genomic DNA. Patients 1, 2, 3, 4 and 6 had renal diseases, whereas patient 5 lacked renal manifestation.
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