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MHC Restriction of V-V Interactions in Serum IgG

Earnest Leung' and Geoffrey W. Hoffmann®

According to Jerne’s idiotypic network hypothesis, the adaptive immune
system is regulated by interactions between the var iable regions of
antibodies, B cells, and T cells. * The symmetrical immune network theory

is based on Jerne’s hypothesis, and provides a basi s for understanding
many of the phenomena of adaptive immunity. The the ory includes the
postulate that the repertoire of serum IgG molecule s is regulated by T cells,
with the result that IgG molecules express V region determinants that mimic
V region determinants present on suppressor T cells . In this paper we
describe rapid binding between purified murine seru m 1gG of H-2° and H-2¢
mice and serum IgG from the same strain and from MH  C-matched mice, but
not between serum IgG preparations of mice with dif  ferent MHC genes. We
interpret this surprising finding in terms of a mod el in which IgG molecules
are selected to have both anti-anti-self MHC and an ti-anti-anti-self MHC
specificity.

The symmetrical immune network theory of the regulatbthe adaptive
immune systeA® has been developed since the mid 1970s. The theory is
based on Jerne’s immune network hypothedike theory resolves several
paradoxes and makes experimentally testable prediéi@hse of the
predictions is that serum IgG is a quasi-species, meamdgG molecules
have V regions that are similar to each other. Therthalso specifies that
V regions of IgG antibodies mimic determinants tha¢ @resent on
suppressor T cells. In this paper we report MHC restrictid V-V
interactions in serum IgG of mice, which provides expentaesupport for
this aspect of the theory.

A recurring theme in the symmetrical network theorygdsselectior.
For example, suppressor T cells are a central regylai@ment of the
system, and they are co-selected with helper T dglisselection means
that the suppressor T cells are selected on the Hadswing V regions with
complementarity to as many helper T cells as posséid, conversely
helper T cells are selected to have complementarig tmany suppressor T
cells as possible. An additional constraint on thecs®in of helper T cells
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is that they are selected such that their V regione lkamplementarity to
self components, including especially self MHC class II.

In the theory IgG secreting clones are also co-ssdewith helper T
cells?® This co-selection results in serum IgG being a quasiispethat
expresses anti-anti-self epitopes similar to anti-selfi epitopes present on
suppressor T cells.

IgG was purified from the serum of BALB/cJ, C57BL/@10 and
B10.D2 mice. Biotin and horse radish peroxidase (HRP) wetpled to
aliquots of the purified 1gG to produce BALB/cJ biotin-IgG, Chi)
biotin-IgG, B10 biotin-IgG, B10.D2 biotin-IgG, BALB/cJ HRP-IgG,
C57BL/6J HRP-IgG, B10 HRP-IgG and B10.D2 HRP-IgG.

Binding of the IgGs to each other was measured in ELISAyasssing
avidin-coated plates. Various concentrations of biotin-alpgyG were
incubated on the plates and unbound IgG was washed dff RES.
HRP-coupled IgG was then incubated on the plates for 30Imihor 18 h,
and unbound IgG was washed off with PBS. An HRP substraseadded,
the plates were incubated at room temperature, therhdreges in optical
density were determined. The results shown in the figusetha mean and
standard deviation for eight-fold replicas.

Results for binding times of 30 minutes, 1 hour, 3 hours and 4i& tor
the binding of BALB/c IgG on BALB/c 1gG, BALB/c on C57BL/6
C57BL/6 on BALB/c and C57BL/6 on C57BL/6 are shown in Figure 1. The
results for 30 minutes and 1 hour show that there isdramding of
BALB/c 1gG on BALB/c IgG and C57BL/6 IgG on C57BL/6 1gG, and n
rapid binding of BALB/c IgG on C57BL/6 1gG or vice versa (3bate and
1 hour time points). On the other hand, at 3 hours and a& Honding of
BALB/c IgG on C57BL/6 IgG and vice versa emerges.

Additional results for 1 hour binding, that include the Mid@nhgenic
strains B10 (H-9 and B10.D2 (H-9, are shown in Figure 2. IgG from
BALBI/c (H-2% binds rapidly to IgG from B10.D2, but not to IgG from B10,
and conversely IgG from C57BL/6 (H)2binds rapidly to B10 but not to
B10.D2. Furthermore, 1gG from B10 binds rapidly to IgG from BLO not
to 1IgG from B10.D2, and IgG from B10.D2 binds rapidly to Ig@nir
B10.D2 but not to IgG from B10. These results show that rdpid
self-binding phenomenon seen at the 1 hour time porestsicted by genes
in the major histocompatability complex.

The major histocompatability complex is known to plageatral role in
the repertoires of T celfsbut has not previously been shown to impact on
the repertoires of antibodies. In order to interpreséhresults we begin by
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reviewing some of the basic features of the symmetimalune network
theory. Specific T cell factors (tabs) play a centadé in the theory:>®
Tabs have a molecular weight of about 50,000, and are@lgeert potent
regulatory effects on the adaptive immune sy<téarhere is evidence that
tabs are cytophilic for non-specific accessory cefs cglls) including
macrophage$.When bound to A cell surfaces, antigen-specific tales ar
assumed to be able to stimulate antiidiotypic T ar@l&, and antiidiotypic
tabs are assumed to be able to stimulate antigendisp&cind B cells. A
mixture of antigen-specific and antiidiotypic T cellowd then be able to
stimulate T and B cells that are both antigen-speaifid antiidiotypic.
T cells are selected to have some complementarigfHE& molecules. The
MHC restriction seen in our results is most simphglerstood in terms of a
mixture of anti-MHC and anti-anti-MHC tabs being presamiA cells, with
this mixture selecting 1gG producing B cells that are batianti-MHC
and anti-anti-anti-MHC. These IgG molecules are thgle to exhibit MHC
restricted binding to each other. This is a very rapid psodas to the fact
that all of the IgG antibodies are selected to hawe dbal specificity, so
that the antibodies quickly find a complementary amtyhan spite of the
low concentrations of the antibodies used in theyassa

We ascribe the slower binding between BALB/c Ig@ @67BL/6 1gG,
that is seen at 3 hours and 18 hours, to the conventomasity of BALB/c
V regions and C57BL/6 V regions, with antibodies needitgnger time to
diffuse and encounter by chance antibodies with congréany specificity,
independent of any self-specific MHC-restricted epitopepaiopes.

In summary, the finding that IgG exhibits MHC-resed binding in
H-2° and H-2 mice is compelling evidence of the importance of idiatypi
network regulation in the adaptive immune system, and eamnberstood
as outlined here in the context of the symmetrical imennetwork theor¥.

METHODS SUMMARY

Animal Care: During this study, the care, housing and use of animals was
performed at the Zoology Small Mammal Unit, Department afoldgy;,
University of British Columbia (UBC), in accordance with tGanadian Council

on Animal Care guidelines. The methodology described here wasvesls and
approved by the UBC Committee on Animal Care prior to camythe studies.

IgG purification: BALB/cJ, C57BL/6J, B10, and B10.D2 mice were sacrificed b
CO;, asphyxiation and whole blood collected by cardiac puncturaintevas
collected by centrifugation at 3000g and IgG collected tithMelon™ Gel I1gG
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Spin Purification Kit (Pierce, Rockford, Il). Purity saonfirmed by Western Blot,
and 1gG concentration determined by Coomassie Bludrggain

Biotinylated 1gG Preparation: Purified IgG was diluted in oxidation buffer (0.1
M sodium acetate buffer, pH 5.5) to 2 mg/mL. One to one sotium meta-
periodate solution to cold IgG was mixed and the reactessel was protected
from light and incubated for 30 minutes at 4°C. Excess pedadas removed by
gel filtration through a Zebra™ Desalt Spin Column equiléatatvith coupling
buffer (Pierce.) One to nine parts prepared 50 mM Biotinréfide Solution to 9
parts oxidized and buffer-exchanged sample (results in 5 naWinB-ydrazide)
was mixed for 2 hours at room temperature. Biotinylég€lwas separated from
non-reacted material by Zeba™ Desalt Spin Columns. rBiatied samples were
aliquoted and stored at -70C. The concentrations otttk solutions were 12.5
mg/mL for BALB/c biotin-IgG and 27 mg/mL for C57BL/6 bintlgG. For the
experiment of Figure 1 the concentrations of biotin-IgG usede the stock
solutions diluted by a factor of 40

HRP-conjugated 1gG Preparation: Purified IgG was conjugated at pH 7.2.
Purified 1gG was diluted in PBS to 2 mg/mL. 10 mg/mL-E#&k® Plus Activated
Peroxidase with 100l of ultrapure water was added to the 1gG solution.pl16f
Sodium Cyanoborohydride was immediately added to the reactiomeurohted
for 1 hour in a fume hood at room temperature. uP6f Quenching Buffer was
added and reacted at room temperature for 15 minutes.ugadegl samples were
aliquoted and stored at -70C. The concentrations otttk solutions were 19.1
mg/mL for BALB/c HRP-IgG and 29 mg/mL for C57BL/6 HRP-IgGor the
experiment of Figure 1 the concentrations of HRP-IgG usexk wee stock
solutions diluted by factors of 4,010, 1¢%, 10’ and 16°.

ELISA Assays. Binding of the 1gGs to each other was measured in EldSsays
using avidin-coated plates. Various concentrations of bamupled IgG were
incubated on the plates at room temperature for 30 minutdsexcess reagent
washed off with PBS for 3 x 5 min. HRP-coupled 1gG wasilrated on the plates
for 30 min, 1, 3 or 18 h and unbound 1gG washed off with PB8S3fx 5 min.
1-Step™ Turbo TMB-ELISA reagent was added and incubated am roo
temperature for 30 min and stop solution added. Absorbanceeadsat 450 nm.
The results are presented as mean and standard detaateaght-fold replicas.

References

1. Jerne, N. K. Towards a Network Theory of the Immune System.
Ann. Immunol. (Inst. Pasteur), 125C, 373-389 (1974).

2. Hoffmann, G. W. A network theory of the immune system. Eur. J.
Immunol., 5, 638-647 (1975).

3. Hoffmann, G. W. Incorporation of a non-specific T cell dependent
helper factor into a network theory of the regulation of the immune
response. In Theoretical Immunology G. I. Bell, A. S. Perelson and
G. H. Pimbley, Jr. Eds., Marcel Dekker, New York, 571-602 (1978).



Nature Precedings : doi:10.1038/npre.2010.4240.1 : Posted 25 Feb 2010

4. Hoffmann, G. W. The application of stability criteria in evaluating
network regulation models. In Regulation of Immune Response
Dynamics, C. Delisi, J. R. J. Hiernaux Eds., CRC Press, Boca
Raton Florida, 137-162 (1982).

5. Hoffmann, G. W. Co-selection in immune network theory and in
AIDS pathogenesis. Immunol. Cell Biol., 72, 338-346 (1994).

6. Hoffmann, G. W. The Symmetrical Immune Network Theory and a
New HIV Vaccine Concept. Available from Nature Precedings
<http://hdl.handle.net/10101/npre.2010.4228.1> (2010)

7. Doherty, P. C. and Zinkernagel, R. M. A biological role for the major
histocompatability antigens. Lancet i:1406-1409 (1975).

8. Takemori, T. & Tada, T. Properties of antigen-specific suppressive T
cell factor in the regulation of antibody response of the mouse. I. In
vivo activity and immunochemical characterization. J. Exp. Med.
142, 1241-1253 (1975).

9. Evans, R,, Grant, C. K., Cox, H. Steel, K. & Alexander, P. Thymus-
derived lymphocytes produce an immunologically specific
macrophage-arming factor. J. Exp. Med., 136, 1318-1322. J. Exp.
Med. 136, 1318-1322 (1972).

Author Information The authors declares competing financial interest.
Correspondence should be addressed to the E. L. (earnest.leung@gmail.com).



014 6-1 8-1 /-1 9-1 014 6-1 8-1 /-1 9-1
r- I 1 1 1 - 00 e — e — 1 (')
1 - - - S0 S0
o o
+ +
v v
o o
- 01 0T
ST ST
9/g971v4d uo 9/a71vd
9/19.52 uo 9/d1vd

01-13 6-3 83 £-3 93
|

| | | | D.D
_|||_|‘|_|'|_|‘|_|I|I 0.0 . _‘

. S0
) - »
i

o 0T

g1 g1
(e

'sinoy 8T (p pue sinoy € (2 Jnoy T (g ssmuiw o (e % 9/79/50 Uo 9/719/G0 pue ‘d/gTvd Uo 9/19.5D ‘9/19.5D
uo 9/g1vg ‘Ob | wnes 9/g1vg uo 96| wnes 9/g1vg Jo Buipuig jo Bulpuiqayl Jo) s1nsal Aesse S| 13 T a4nbiH

0TOZ 994 Gz palsod : T'0vei"0T0Z 2.du/ge0T 0T 10p : sBuIpadald ainjeN



9/19/50 U0 9/79/SD 9/27v4g Uo 9/79/SD
0T-3 6-3 8-1 /-3 9-3 0T-3 6-3 8-1 /-3 9-3
H- 1 - 1 1 1 - 00 g (0°0
+ . - S0 S0
bd bd
= =
- - g g
1 0T 0T
ST ST
pue 9/19/S0 U0 9/81vd 9/g7vd Uo 9/91v4g
0T-3 6-3 8-1 /-3 9-3 0T-3 6-3 8-1 /-3 9-3
_|||_|'|_|I|_|I|_|I|I OO 1 - 1 1 1 | OO
S0 - T - - S0 -
= =
3 3
0T 0T
ST ST
@
9/19/5D U0 9/79/250 | 9/21vg uo 9/19/50 |

0TOZ 994 Gz palsod : T'0vei"0T0Z 2.du/ge0T 0T 10p : sBuIpadald ainjeN




9/19/GD uo 9/19/S80 3/d1vg uo 9/14d/G80
0T-3 63 8-3 /-3 9-3 0T-3 63 8-3 /-3 9-3
1 - 1 - 1 1 | OO r' 1 ' 1 ' 1 ' 1 .‘I OO
H- I i - S0 - ) -
= =
S S
1 0T 0T
ST ST
9/19/GD U0 3/g971vd 3/d1v4d uo 3/g71vd
0T-3 63 8-3 /-3 9-3 0T-3 63 8-3 /-3 9-3
1 ' 1 . 1 . 1 | OO 1 - 1 1 - 1 | OO
) I - L S0
= =
= =
i i
o o
0T 0T
ST ST
©

0TOZ 994 Gz palsod : T'0vei"0T0Z 2.du/ge0T 0T 10p : sBuIpadald ainjeN




9/19.50 uo 9/14.50 9/g971v4g uo 9/1d.90
013 63 83 13 93 013 63 83 13 93
1 1 1 1 | 0.0 1 1 1 1 | 0.0
H. . - - S0 H - - - S0
» »
+ +
S S
0T - 0T
ST ST
9/19d/50 U0 9/g71vd 9/d1vg uo 9/gvd
013 63 83 13 93 013 63 83 13 93
1 1 1 1 | 0.0 1 1 1 1 | 0.0
» »
+ +
_ S S
i 0T 0T
ST ST
@

0TOZ 994 Gz palsod : T'0vei"0T0Z 2.du/ge0T 0T 10p : sBuIpadald ainjeN




hn._._ pIH qH qtH
1B psz uyBd g5z quiyBd gsz JuyBd g5z
ueqZaols ugoig-yETvE unoig2gE uEoK-048
6901 §01 £-201 6301 20T (301 6301 2901 £-301 60T £301 £-501
poH
: + 5 2 + 0 —_— v 0 — -_— . o
L 5o ' L S {50 | 5o Tayed
00SZ 05T ‘ST
L1 L 1 1 d¥HZO0lE
S 5T 51 5T
G901 #9001 £90T G001 8001 [0t 0T 8901 L0017 6301 8701 /=201
' + o + oo - —_— o = o pfH
‘ . L 50 . . ' L so L 5o Lso Smmcwwa.wm
i | L
& E B i dHH-=raTva
Ligy Logr Log 51
G901 90T L30T 6901 §901 501 6901 EH0 £-901 E-O0T E20T -901
_————— i 0 = Lo ‘o {0 qaH
- &0 + 50 ' ' - 50 i J .. + 50 Fuyhid
g [ [ 3 |5 00SZ 052 'S
Lot & i B d¥HBNaLED
6901 2201 L30T 60T §D01 £-001 6901 8901 201 G301 A0 L-901
- —t — S o 1] ] _...-N.I
bz, SRR g
t1 {1 [ 1 £ D05 ‘08T 'S52
g 3§ 51 51 SANOEe

®OIW Z@'0Td PUe 9/19/.5D 9/a1vd ‘019

wio.y 961 payynd Buiajoaul 961 wnses 01 96| wnes Jo Jnoy T e Bulpuig sy} Jo) sinsai Aesse vs|13 'z o.nbi4

0TOZ 994 Gz palsod : T'0vei"0T0Z 2.du/ge0T 0T 10p : sBuIpadald ainjeN



