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ABSTRACT

Background: Immunoglobulin (Ig) light chain repertoire has been implicated as a critical
determinant in regulation of autoreactive B cells and production of pathogenic anti-DNA
antibodies in systemic lupus etythematosus (SLE). We analyzed the impact of Ig A chain
repertoire on development of autoimmunity in patients with SLE. Methods: We
obtained genomic DNA from individual peripheral CD19+ B cells of 3 untreated active
SLE patients, and amplified VA rearrangements from each single cell by polymerase
chain reaction. Results: A total number of 208 VAA rearrangements wete analyzed.
Analyzed sequences included 158 productive rearrangements and 50 nonproductive
rearrangements. The differences in VA gene usage in the productive and nonproductive
repertoire of SLE patients were found compared to the non-autoimmune individuals.
VA gene, 9A was significantly overrepresented in nonproducative repertoire of SLE
patients (P=0.0106). In the productive repertoire, VA genes, 3L and 1E were found more
often in the SLE patients (P=0.001, P=0.043). When the productive and the
nonproductive repertoires were compared, 9A was found significantly less in the
productive repertoire in the SLE patients (P=0.000). There were no significant
differences in the JA gene usage between SLE patients and non-autoimmune individuals,
but JA2/3 gene was the most frequently used in SLE, whereas JA7 gene was the most
frequently used in the normal subjects. In the productive SLE VA repertoire, 9.4% of
the total sequences employed identical CDR3. It was particularly striking to find 7
identical versions of the 1G-JA2/3 VMM rearrangements from one patient and 3 of
the same sequence from another patient. Notably, identical VA junctions in the SLE
patients utilized significantly more homologous joining compared to VA junctions of
the normal adults (P=0.044). Conclusion: These data demonstrate regulation of A light
chain expression in the SLE patients by selection of unique VA genes. Also, biased
selection and clonal expansion of particular VA rearrangements are apparent in the SLE
A repertoire. (Immune Network 2003;3(3):227-234)
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Table I. Sequences of oligonucleotide primers for amplification
of VAJA rearrangements®
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Table II. Rearranged VA genes amplified from individual CD19
+ B cell

External primers
VL1E 5'-CCTGGGCCCAGTCTGTG-3'
VL2E 5'-CTCCTCA(GC)(TC)CTCCTCACT-3'
VL3E 5'-TC(CT)TATG(TA)GCTGAC(TA)CAG-3'
VL4E 5'-C(TA)GC(CT) TGTGCTGACTCA-3'
VL59E  5-CCCTCTC(CG)CAG(CG)CTGTG-3'
VLGE 5-TCTTGGGCCAATTTTATGC-3'
VL78E  5-ATTC(CT)CAG(GA)CTGTGGTGAC-3'
VLI0E 5-CAGTGGTCCAGGCAGGG-3'
JLE 5-AGGACGGT(CG)A(CG)CT(TG)GGT-3'

Nested primers

VLIN  5-CCAGTCTGTG(TC)TGAC(TG)CAGC
VI2N  5-CAGTCTGCCCTGACTCAGCC-3'

VL3N1  5-TGACTCAGGACCCTGCTGTGTC-3'
VI3N2  5“TGAC(TA)CAGCCAC(CT)CTC(GA)GTGTC-3'
VIANT  5“TCTGCCTCTGC(TC)TCCCTGGG-3'
VLAN2  5-TCTGCATCTGCCTTGCTGGG-3'

VL39N  5-CAG(CG)CTGTGCTGACTCAGCC-3'
VL6N  5-CCAATTTTATGCTGACTCAGCCC-3'
VL78N  5"CTGTGGTGAC(TC)CAGGAGCC-3'

VLION  5-CAGGCAGGGC(AT)GACTCAGC-3'

JLIN 5-GGT(CG)ACCTTGGT(CG)CCA(CG)T(TG)CC-3'
JL23N  5-GGTCAGCT(GT)GGT(CG)CCTCC(TG)CC-3'

*External primers hybridize to the 5' leader sequences and the

5" end of framework region 1. Nested primers hybridize to the

5' end of framework region 1. Nucleotides in parentheses indicate

mixed base pairs at that position.

wark, CT, USA o] &-¢l dedeoxy termination method
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City, CA, USAZE HEA3}4]
HY 228 A4 AR £4: el 471 A4
> Sequencer software (Gene Codes, Ann Arbor, MI,
USA), Gene Works (Release 2.45: IntelliGenetics, Moun-
tain View, CA, USA)QJ' V BASE Sequence Directory (21)
£ Agelol shelsilnh

Stop codon®] $1IL VAAS] AZFF-Fol A FHA}
HAZMA reading frames FrAIBL U= A5 AL
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Amplified Analyzed
SLE Normal SLE Normal
Productive 185 172 158 146
Nonproductive 50 55 50 55
Total 235 227 208 201

Table III. Comparison of VA gene family usage in the SLE
patients and normal subjects*

Nonprodouctive Productive
VA Family

SLE Normal SLE Normal
VAL 9 (18) 14 (25.5) 65 (41,1)* 43 (29.5)
VA2 14 (28) 17 (30.9) 45 (28.5) 49 (33.6)
VA3 5 (10) 2 (3.6) 26 (16.5) 27 (18.5)
A\ 7 (14) 10 (18.2) 8 (5.1) 8 (5.5
VA5 3 (6) 4 (7.3 3 (1.9) 5 (34
VA6 12 2 (3.6 8 (5.1) 5 (34
VA7 0 (0) 1 (1.8) 0 (0) 5 (34
VA8 0 (0) 1 (1.8) 0 (0) 2 (14
VA9 9 (18) 2 (3.6) 2 (1.3) 0 (0)
VA0 2 4 2 (3.6) 1 (0.6) 2 (1.4
Total 50 55 158 146

*: No. (%) of total rearrangements. ' : P<0.05, significant differ-
ence between the nonproductive repertoire of the SLE patients
compared to the nonproductive normal repettoire. ~ : P<0.05,
significant difference between the productive repertoire of the
SLE patients compared to the productive normal repertoire.
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Figure 1. Distribution of individual VA gene usage in the SLE patients and normal subjects.
: negative selection in normals, P<<0.005; ##: negative selection in SLE,

frequencies in the SLE and normal repertoires (P<0.05); #
P<0.005.

*: significant difference between the
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Figure 2. J\ gene usage in the SLE patients and normals. (A)
JA gene usage in nonproductive repertoire. (B) JA gene usage
in productive repertoire.
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Figure 3. Clonal expansion of B cells with VA rearrangements.
A. Frequencies of B cells expression identical A light chain. B.
Utilization of H-joining in clonally expanded VA rearrangements.
*: P<0.05.
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Patient 1

CDR1

VAN 1G  CCCCGGGCAGAGGGTCACCATCTCTTGT TCTGGAAGCAGCT CCAACAT CGGAAGT AAT TATGT ATACT GGT ACCAGCAGCT CCCAGGAACGGCCCCCAAA

Patient 2

VA 1G  CCCCGGEGCAGAGGGTCACCATCTCTTGT TCTGGAAGCAGCT CCAACAT CGGAAGT AAT TAT GTATACT GGT ACCAGCAGCT CCCAGGAACGGECCCCCAAA

SLLB2 = - m e m e

Figure 4. Nucleotide sequences of clonally expanded VMM reatrangements employing 1G-JA2/3. Seven identical sequences were
detected from one patient and three of the sequences were detected from an another patient. Boxed sequence: H-nucleotide.

fus

AAE L Qdek2e). FE AES AP S| 2T
vlete] w3 & WAE Eishe
dl ol2igh uB A F8A AHE A7F e A
= 9ol 71Ael | 5 Slek oedt 584 A
A vkek VA Apolell Hpol & Wol=dl vkl A%
AL Fdrdol7h Az 3 Br2ellA dojubH v
Aol 7 FAlNA doldeal sh9irt(27,29).
& ATollA FFL ket BG4 Aole] ©HAE B

AES FE AL, FE TUH F8A A Sol

Az vagt peElstER E vla EAsg ok VA
AAA L] BEE vl A] 7 7 Tholl Aol & K

VA §ARE A7 Aol whaEl 10719 AR
25 goh2l). B dFollA vl el s}
EgolA & VA7 FF2aTollA BT E e vl
s AgEga A A dlstEedlAE v
A7} T2 AT olA AT E o MW s AEE
o] VA FAAA L] A-go] AT} FF2 ghRfol A
o7k oS & Uik o] FRAE A E



W v AL el Bl el oA oA AR A4
Foll mle FF22 gapFoll A felehA wol A8
gtk olE FF2 ol vn Aulg HA ol A
9A §HAT}F FolH o= vho] AlulgtE-S ov] et
AT 9A SR 2= AW FAA] &4 Aeld o g
A AL Wl H5S 9)3l 0A FHATE Bol Alul
& S0 e §A8 F U Aol TEA 2
oA AgH ez Agsto] Azt el el o
L AR At e et ac FAAE A
Aol SA AEE e ol 4c AR A7t
W4 7§ 9l THs Aol Yol welE A
At 2 0e] A Ao AT F gk FF
2 RAES] A Ao skl oA S 1k
SRR ATl vle] FF2 ATlA T ol
AHEE g} A Bl A= AR Al gt} H]xuxp
2 Al °bl gl gloll A FAIH xpol= HolA ¢
01-01,], é %l.;(].o]]/q AHA]—X—Lq. ]:]]/KHA]—X-T ZH“H‘:’J’
o] dstze] Bl Ja2/37F 7h wol AEE
I Aol A= Aol 7hg wol AEE AT 7
2= SEATT AT Aol AulE A TR ofl HI
Al A&El = AR AR th2a AgE o gk
A2 oh2A 2Hgske AR A B I el w
Aelz 3H4 o] Wskrt A7 WA 2 Sl 7)o
Al A4kt
Aol A Sol&dnksl Agkg WA= F
gAte] v glstEeloll A FEA e ke
th T2 gAbae] AAPE Al va Elst
A A A71 AL L] 9.4%0l A
i 22 B gﬂﬁ‘LoMJ, 13%01] 4]
E3Fsle B |IZ o w%e] T2 kAt
}o] OPd Ao & Aok 2 A4
Abgte] FEA] S-S Hol= 7] Ao
5+ B E]_Lq_ LHOH/H ul—ﬂﬂoi ;GALo]
B flZ oA FEA WS e A
°iv}. CD5+ B JZ7= A4 wx dEY
AASE AETo2 Fe HE A
g AR, chieA) W Fe e
AEolw] Al Aol AR F FF
HA kG0
FF2 A A= 1§Lx}ﬂ 1G-JA2/3VNA
AollA 77He] FL3 A7) AdE WAsgla o
= %XMWC 22 719 Mg s B I
7o F&EA e wredslkar ok vhd ZARleNA &
A4 W 27H 01% Y3 7 Ads dHEA
Pﬂt} ° T2 oA S84 9%
lel B RIZF7} Soldeo g 2
pew oldd A4 A7t A

oo

.
2 9 1)~ rP: o rfr

m

]ol

> oo & o O
T % Tey
'l}‘ Jlm HE o mlm
> i& o 8 034“ o> H<
m\u iy

2,
rlr
mlm

o R
= 12

W e o

oo N 2o & ot o ¥ I

ru,lo_, o, o3 l“}“

2 ot fau

imw

rl

_4

£ 4

&

o[o
o

1
=

A rlo >
A .xm
fo &
» ot
tlo riﬁ
°0 =
4

o

Ig M Light Chain Repertoire in SLE 233

FAoll Fadt g oz Ay k6,29, Portanova
5o Ape °ﬂ9Jr(NZBx5WR) F1 F ol A 1*5 5ol
FEA WAES B339 31 (31), Ash-Lerer 55 NZB/
NZW F1 FollA VHBW-162] &4 J“ﬂ~ H339)
th32). Drmer 5 FF2 3HAoll A VH3-112} VMG
2 745 B A= %‘lﬂlé = oMol e wA
391 31(29), Odendahl 5% VH4-61-8 33+ B A|*E
9,] ELEK—? .TIJJ)'(L-CL Hl—7;]-‘—]_ 1;],(33)

AEHOE B AdFoNA] F¥2 SApTollA 73‘*
o w2 54 VA ARkl Adoll o3l of 3k vt
o, gtk Z47ke] va e ] HeH A9y I8
2]

531 4 o ;(]-7].1:1:]0:1/!4 §L—oﬂ 7]0:] ol.% o} :‘r‘. gl;]_

(<] (<]
o]a]‘ql— A B A|EQ HEEAo] FFEX 27|

o} Wx VA F4A) Agoll T SHIU%
14 ARG WA A=
At S FHAES b AL

Al P%E}.

1. Tan EM: Antinuclear antibodies: diagnostic markers for auto-
immune diseases and probes for cell biology. Adv Immunol
44;93-151, 1989

2. Kotzin BL: Systemic lupus erythematosus. Cell 85;303-306,
1996

3. Tonegawa S: Somatic generation of antibody diversity. Nature
302;575-581, 1983

4. Rolink A, Melchers F: Generation and regeneration of cells
of the B lymphocyte lineage. Curr Opin Immunol 5;207-217,
1993

5. Brezinschek HP, Foster SJ, Drner T, Brezinschek RI, Lipsky
PE: Pairing of variable heavy and variable kappa chains in
individual naive and memory B cells. ] Immunol 160;4762-
4767, 1998

6. Drner T, Lipsky PE: Immunoglobulin variable-region gene
usage in systemic autoimmune diseases. Arthritis Rheum
44;2715-2727, 2001

7. Davidson A, Manheimer-Lory A, Aranow C, Peterson R,
Hannigan N, Diamond B: Molecular characterization of a
somatically mutated anti-DNA antibody beating two systemic
lupus erythematosus-related idiotypes. ] Clin Invest 85;1401-
1409, 1990

8. Manheimer-Lory A, Katz JB, Pillinger M, Ghossein C, Smith
A, Diamond B: Molecular characteristics of antibodies
bearing an anti-DNA-associated idiotype. ] Exp Med 174;
1639-1652, 1991

9. Silverman GJ: Unconventional B-cell antigens and human
immune repertoires. Ann NY Acad Sci 764;342-355, 1995

10. Paul E, lliev AA, Livneh A, Diamond B: The anti-DNA-
associated idiotype 8.12 is encoded by the V lambda II gene
family and maps to the vicinity of L chain CDRI. ] Immunol
149;3588-3595, 1992

11. Ibrahim SM, Weigert M, Basu C, Erikson J, Radic MZ: Light
chain contribution to specificity in anti-DNA antibodies. ]
Immunol 155;3223-3233, 1995

12. Yang Y], Sanford D, Chung HY, Back SY, Stollar BD: The
structural basis for DNA binding by an anti-DNA auto-
antibody. Mol Immunol 35;1207-1217, 1998

13. Pewzner-Jung, Simon T, Eilat D: Structural elements control-
ling anti-DNA antibody affinity and their relationship to
anti-phosphorylcholine activity. ] Immunol 156;3065-3073,



14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

234 Ji Bun Chang, et al.

1996

Tsao BP, Chow A, Cheroutre H, Song YW, McGrath ME,
Kronenberg M: B cells are anergic in transgenic mice that
express IgM anti-DNA antibodies. Eur ] Immunol 23;2332-
2339, 1993

Farner NL, Drner T, Lipsky PE: Molecular Mechanisms and
selection influence the generation of the human VAA
repertoire. ] Immunol 162;2137-2145, 1999

Tan EM, Cohen AS, Fries JF, Masi AT, McShane D],
Rothfield NF, Schaller JG, Talal N, Winchester R]: The 1982
revised criteria for the classification of systemic lupus ery-
thematosus. Arthritis Rheum 25;1271-1277, 1982

Boyum A: Isolation of mononuclear cells and granulocytes
from human blood. Isolation of mononuclear cells by one
centrifugation, and of granulocytes by combining centrifu-
gation and sedimentation at 1 g. Scand ] Clin Lab Invest
Suppl 97;77-89, 1968

Brezinschek HP, Brezinschek RI, Lipsky PE: Analysis of the
heavy chain repertoite of human peripheral B cells using
single-cell polymerase chain reaction. | Immunol 155;190-202,
1995

Boleda MD, Briones P, Farres J, Tyfield L, Pi R: Ex-
perimental design: a useful tool for PCR optimization.
Biotechniques 21;134-140, 1996

Sanger F, Nicklen S, Coulson AR: DNA sequencing with
chain-terminating inhibitors. Proc Natl Acad Sci USA 74;
5463-5467, 1997

Tomlinson IM, Williams SC, Corbett SJ, Cox JBL, Winter
G: V BASE Sequence Directory. MRC Centre for protein
engineering, Cambrige. 1996

Hansen A, Drner T, Lipsky PE: Use of immunoglobulin
variable region genes by normal subjects and patients with
systemic lupus erythematosus. Int Arch Allergy Immunol
123;36-45, 2000

Prak EL, Trounstine M, Huszar D, weigert M: Light chain
editing in K deficient animals: a potential mechanism of B

24.

25.

26.

27.

28.

29.

30.
31.

32.

33.

cell tolerance. ] Exp Med 180;1805-1815, 1995

Prak EL, Weigert M: Light chain replacement: a new model
for antibody gene rearrangement. ] Exp Med 182;541-548,
1995

Radic MZ, Zouali M: Receptor editing, immune diversifi-
cation and self tolerance. Immunity 5;505-511, 1996
Suzuki N, Harada T, Mihara S, Sakane T: Characterization
of a germline VK gene encoding cationic anti-DNA anti-
body and role of receptor editing for development of the
autoantibody in patients with systemic lupus erythematosus.
J Clin Invest 98;1843-1850, 1996

Drner T, Foster §J, Farner NL, Lipsky PE: Immunoglobulin
kappa chain receptor editing in systemic lupus erythema-
tousus. J Clin Invest 102;688-694, 1998

Manheimer-Lory AJ, Monhian R, Splaver A, Gaynor B,
Diamond B: Analysis of the V kappa I family: germline genes
from an SLE patient and expressed autoantibodies. Auto-
immunity 20;259-265, 1995

Drner T, Farner NL, Lipsky PE: Igh and heavy chain gene
usage in eatly untreated systemic lupus erythematosus sug-
gests intensive B cell stimulation. ] Immunol 163;1027-1036
1999

Kipps TJ: The CD5 B cell. Adv Immunol 47;117-185, 1989
Portanova JP, Creadon G, Zhang X, Smith DS, Kotzin BL,
Wysocki LJ: An eatly post-mutational selection event directs
expansion of autoreactive B cells in murine lupus. Mol Im-
munol 32;117-135, 1995

Ash-Lerner A, Ginsberg-Strauss M, Pewzner-Jung Y, Desai
DD, Marion TN, Eilat D: Expression of an anti-DNA-
associated VH gene in immunized and autoimmune mice. |
Immunol 159;1508-1519, 1997

Odendahl M, Jacobi A, Hansen A, Feist E, Hiepe F, Bur-
mester GR, Lipsky PE, Radbruch A, Drner T: Disturbed
petipheral B lymphocyte homeostasis in systemic lupus
erythematosus. ] Immunol 165;5970-5979, 2000

>




