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SQMATIC MUTATIONS 11.1 THE VARIABLE REGION OF THE

12 CHAIN OF A1315 INDUCE SUPPRESSION OF ANTIBODIES

To THE IDIOTYPE OF M3is

NOBUO SAKAT'a, TAKACHIKA AZUMA and I{AllME FullO
DCpartment of Immunochemistry, Rusearclt InstitLitc for AJIicrobial Diseases, Osaka Univer-
sity, 3-I, Yamadn-o1<", Suitn, Osakai 565, Japan

(Recei\ ed June 24,1985)

uMM, \RY BALBjc nticc jinmunizcd \\, itIT purified BALBlc myeloma protein
A, 1315 (, I, 22) produce anti-idiotypic antibody, directed predominantly to a

.. in himti. onI (\,,,-315 +\,,,-315) nets"minent(^) of th. A1315 pyrot. p. (Sin^inIn
and Elsen, 1971 ; Tungkanak and Sirisinha, 1976). \\'e examined whether the
unique B cell response is influenced by pretreatment of nTice \\, itIT fragments or
chains derived from All315 before jinn\unization \\, ith M315. Intravenous (I. v. )
miteri, n of th. Fv-315 frogmant (V, ,-315+V, .-315) int. n. ,in"I BALBj. mine
seven days before immunization with All315 resulted in marked suppression of anti-
A1315 idiotype antibodies. Studies on the structural requirement for suppression
indicated that \11. -315, but not \'11-315, is involved. Structural comparison with
a defined 22 light (L) chain suggested that three contiguous amino acid residues
in the third hypervariable loop of the variable (V) domain of the L chain of All315
are important for clown-rcgulation of production of antibodies to the A, 1315 idio-
type

BiK"N 10.11NAi, \, o1.2851-58,1985

INTRODUCTION

The variable (V) region of an antibody mole-
CUIe contains not only its combining site, but
also antigenic determinants (callccl its idio-
type) against which anti-Idiotypic antibodies
can be induced in other animals (see reviews
by Bona and Fernis, 1984 and Eichman,
1978). Nioreover, a number of studies have
demonstrated that aiT animal can sho\\, jin-

in une responses against the idiotypes of its

I To \\. horn correspondence and reprint requests
should be addressed

own immunoglobulins (Ig) or of Ig from
other genetically identical individuals (Lynch
and Milburn, 1984; Sakato at a1. , 1976; Saka-
to and Elsen, 1975 ; Sirisinha and Elsen, 1971).
BALBlc mice, for example, can produce anti-
bodies to the idiotypes of myeloma proteins of
BALBjc origin (Sakato and Elsen, 1975 ;
Sirisinha and Elsen, 1971). In addition,
several studies have shown that an animal can

produce T cells to the idiotypes of ISOgeneic
Ig (Bona and Pernis, 1984; Janeway et al. ,
1975 ; Sakato at a1. , 1982). It has also been
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shown that the immune system of a single
animal, after producing specific antibodies to
a given antigen X, continues to make anti-
bodies to the idiotype of anti-X antibodies
(Eichmann, 1978; Schrater at a1. , 1979; Mc-
Kearn at a1. , 1974). As the latter anti-Idio-
typic antibodies likewise display, ne\\, idiotypic
profiles, the immune system can be conceived
as a network of idiotypic interactions (Ierne,
1974)

Although there is much evidence for the
idiotypic network hypothesis (Bona and
Fernis, 1984; Eichmann, 1978), information on
the regulation of anti-Idiotypic responses Is
still limited. Recently, we initiated studies
on the mode of regulation of immune re-
sponses to the idiotype of ISOlogous Ig (Sakato
at a1. , 1982 and 1981\. In this work, we
explored the effects of in vivo administration
of an idiotype on the Ilurnoral anti-Idiotype
response

obt"ined and gi\'en to Lis by R. Zaugg in A'1.1. T
iVIA5-5 and MAS-7 moncolnal antibodies bind DNP

and \\'ere purified by, affinity chromatograph\, as
described (Eijiott er a1. , 1984; Azuma at a1. , 1984)

AllATERIALS AND AllETHODS

3. 11 char',, s. L tnn, ', is and/^rig, ,, e, 113

Purified immunoglobulins \\, ere partially reduced
in 0.2 A1 Tris HCl, pH 8.2, containing 0.01 M
dithiothi. eitol; they \\. ere then alk}, lated \\, ith judo-
acetamide and subjected to gel filtration on Sephadex
G-100 in 6 M urea containing I A'I acetic acid to
separate H and L chains (Sal<ato at a1. , 1982). The
chains were rechiomatographed on Sephadex G-
100. Pre\'IOUsl\. described ritethods \\, ere used to

prep"," the Fv f, "ginent (Fv-315) of M315 by
pepsin digestion, and to Isolate Vj, -315 and \111-315
front Fv-315 (Inbar at all. 1971; Hochman at al. ,
1973)

I. Mre

Female BALBjcAnNCrj sti. alit mice \\. ere ob-
tained from Charles Ri\, er, Co. , Kanaga\\'a, Japan
A, lice of 7-9 weeks old \\, ere Lised throughoLit

2. 1111/11/11iog/o611h, is

The inveloma tumor MopC-315 \\. as obtained

several years ago from M. Potter (National Institute
of Health) and I\as been maintained by serial pas-
sage in BALB!cAnN ntice. The 10/10\^ing mye-
loina proteins of the indicated H and L chain iso-
types were Lised: IV1315 (a, 22) and T952 (tt, 22)
M315 was isolated as a mildl\, reduced and alkylated
(10doacetamide) 7S proteiiT from ascitic Huid or
serum of mice carrying the A{OFC-315 tumor as
described (Inbar at a1. , 1971 ; Sinsinha and Elsen,
1971). T952, which has no know. n specificit>,,
was isolated as described (Corner er a1. , 1981) from
ascites fluid pro\, ided b\, H. N. Elsen (kilnssachu-
setts Institute of Technology). Hibridomas A, iAS-
5 (/!, 13) and A1A5-7 (/,, 12), \\. hiclT ha\, e specificit\
for a it apten dinitrophenyl (DNP), \\, ere produced
by fusing spleen cells from BALBjc mice jinmu-
nized with 2.4-dinitrophenyl-N-(2-aminoethyl) -
carbamylmethyl-Ficoll. TITese hybridomas

4. 1,111,111i, ,gallon

Fentale BALBjc mice \\, ETe given two, or some-
time three Injections at 2-weel< intervals of pLirified
myeloma protein in intraperitoneal (ip. ) and sub-
cutaneous (s. c. ) sites. The protein \\, as mixed
with complete Freund's adju\, ant (CFA, Difco
Labs, Detroit, I\11, USA, My robnctei','Jini hilly/It 1,111)
for the injection, with incomplete Preund's ad-
jLivant (IFA, Difco Labs. ) for the second. and \\. ith
phosphate buffered saline (PBS) for the third injec-

In the first immunization. a total of 150 jignon

of protein \\. as injected ip. (50 111) and into the base
of the tail (50 lib. In the second and third jin-
in unizations, totals of 100 11g of protein (100 111)
were Injected s. c. into 4 sites

52

5. Inch, c!1011 of $11ppiess, o11

Voluntes of 200 111 of PBS containing 200 11g of
purified immunoglobulins or frngnTents or some-
times chains were Injected Intra\, enously (I. v. ) Into
normal BALB!c mice seven days before jinmunizn-
tion with A1315 or T952. Blood \\. as taken from

individual mice se\, en day's after the 2nd and 3rd
immunizationS and Sera \\'eTe Separated and stored
at -80 C
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6 . AJIe"$111 e, ,lent q/ '11/1'-, of^^1:1'be tint, 'bothes

11\ one assay, a double antibody radioimmunoas-
say \\. as Lised as described (Sakato and Eisen, 1975).
in most cases, a solid phase radioimmunoassay, \\. as
performed Lising poly\'inyl microtiter plates (Dynat-
ech Labs. Inc. , No. 001-010-2101) as described\\'ETe



pre\'IDLisl}' (Salkato or all. , 1980). Indi\'Idu"I \\'clls
were coated willt 150 111 of A1315 (or T952)-PBS
solution (100 ,, g!in I) at Toon. tentperature. The
plates \\ere stood for 18 h, and then the solutioiT \\as
replaced by a 11, , solution of bo\inc serunt albumin

(BSA) in PBS-Az (PBS containing 0.0+', soditim
azidu). 'The plates \\CTe stood for I h at room

telTtpernture, and liten the \\. ells \\'ere washed 10Lii

times \\. ith PBS-Az containing 0.1",, BSA (PBS-
BSA-Az). AppropriateI\ dilLited antiscrn \\. CTC

inocul"red into it1315 -conted indi\. Idu"I \\ clls, and
stood o\'cmight at loom tempuratui'e. Thcn titc
wells \\. ere washed four times willI PRS-BSA-Az,
25 ITg of '''1-anti-Ig was added and Ihc \\. ells were
again stood o\. ernight at room temperatLiic. Thc
\\'Glis \\'eru again \\."shed, 11nd cut oLit and liteii
radioacti\'11\, wits determined. TILTntioi. of anti-

bodics to Ihc T952 idiotvpu \\as pertornted in thc
Altti-!\, 1315 antibodies rinsed in BALBjsaline \\. a\.

c mice \\'ci'c ISOl"led b\' tiffinit\, chi'Qinutogr"ph\. o11
n Seph"rose 4B COILimn henring I\1315, anti these
\\'ci'e LIScd us st"rid"I'ds in quantitatioi, of anti-
idiotvpic 31ntibodics. it is noteworth\, that tinti-

bodies made against normal mousc Ig in rabbits I, "d
to be aidsorbcd on " Sepharose +B columit healing
XI315I, 1'0tein to I, ,injinize tite backgiotind

100

.
.\
.

7. Lttbe//^, I" of 11/11/1111io"/ohm's cornJ 12.1

Purified immunoglobulins wei. e iodinated b\ a
slight modification of the chloralmine-T method
(Sonod, I and Scltlnmo\^itz, 1970). The 11. specific
nctivity \\'"s Lisu"11\. 5 XIO" CD. in. !,!g
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I. 81/11p, 'CSSibe viec/ of 10-, 31.5 o11 '11/1/60dj,
PI odiic/10, I 10 Ihe In^^/yj>e of M3/5111 o100

\\!e examined the effect of a single I. v
Iection of Fv-315 into normal BALBlc mice
on subsequent antibody, production directed
to the A, 1315 idiotype measured as
antibody. Normal mice that had received
200 Itg of Fv-315 in buffered-saline solution
(PBS) 7 day^ befo, e irumuni"ations with A'1315
in CFA had a intich lower serum level of anti-

Idi, typ* (Fig. I-B) than cont". I mine (Fig
I-A). The amo11nt of Fv-315 needed for
significant slippression was 10 Itg, but so far
100% suppression has not been observed

o

FIGURE I. SLIPpression of antibod}' to the ISO-
logous idiotypc OF A, 1315 by F\.-315. A group of
six female BALBjc Inice \\, ere treatcd I. v. \\ith
200 11g of F\ -315 in PBS 7 days before jinmuniza-
tion on d"\, 0 \\illt 150 I!g of it1315 emulsified in
100 111 of CFA; 50 111 at the base of the tail and
50 1:1 ip. They. \\. eru boosted on day. 14 \\. ith
100 .,!g of I\1315 in IFA s. c. in + situs. On day 28,
animals \\cre treated SL. will\ 100 11g of All315
\\'Ithout adjuvant. Individtial sera \\, ere obtained 7
da\ s jitter the 2nd tind 3rd immunizations, i. e. on
days 21 and 35. The jinmLinization scliedules in

A nitd B \\CTC the same except that in A Fv-315 was
not Iruccted previously. The antiidiotype
determined b}. a double antibody radioimmunoas-
sill' us described (Srik"to and Risen, 1975) using
4111 of antiserLim and 50 rig of '''1-IV1315. Points
represent \. alues of individual test sera and means, .

SEAT are sho\\. n belo\^ the points

Serum after injection.- . , er 1.1. . ^.,

2

o0

o0

00
o0
.

16 09 t 212

3

.

44-85 t401

2

nuin ber

3

in-

serum 2. Idi'ofypi'c delei'"1171d"t localed o11 F1, -3/5
cdi, set sippi'CSSio, I

Having revealed that the Fv region of the
A'1315 molecule is involved in the suppression
of anti-idiotypic antibody formation (Fig. I),
we next examined \\, he ther (i) the idiotypic
determinant created by a combination of \'11-
315 and \;,.-315 is needed or (Ii) the idiotype
carried on either chain is sufficient for sup-
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FIGuitE 2. Suppression of tlTe anti-Idiotvpe antibod\. in mice treated witl. Vj. -315 and L"' I, Lit not \\ith
V, ,-315 and H"'. CTOLips of seven mice that itrid recei\ed 200 11g of chains of fingments 7 da\. s earlicr \\, CTC
irumunizcd \\, ith A{315 as for Fig. I. Indi\. idual sera \\as taken as foi Fig. I, rind antibodies \\. eic qunn-
titnted by solid-PINSe radioimmunonssny as desciibcd undcr Amtcrials and Alethods. Columns rind bai's
SITU\v meanstSEA'I. P \. allues \\. erc calculated b\' Student's two-tailcd I test. NS, not significant
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FIGURi: 3. Effect of preirentmcnt with structLii*111y simil"r I ch"iris o1t tite tintibod} response to thu M315
idiotype. C;1'0ups of se\. en noim, 11 BALBjc nilcc treated I. v. witlt 200 ,!g of L chains 7 days previously',
were jinmunized twice as for Fig. I, rind sent obtained 7 day's litter thc 2nd ImmLinizntion \\. ere assayed b\.
solid-phase radioimmunoassay us indicated tinder it, later in Is 11nd it'lethods. The amino acid sequences of
L31, ajnd L'~' are desci'Ibed Lindcr Discussioi,

11

None

315

5-7

5 -5

111

IV

ANTI-M31510107YPE
ANTIBODY RESPONSE

400

To this end, \\, e tested the effectspression

of individual chains and fragnients of A1315
Marked suppression was induced by a single
I. v. info. ti. n of L"' (Fig. 2, G, . \11) ," \I, .-315
(Fig. 2. , Gr. TV), whereas no significant sup-
pression was evoked by H31' or \;,,-315 (Gr
111 and \I). Because the effects GIIcited by
\'1. -315 and L31' were essentially similar, the

A2

A2

7.3

I^-

o
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constant do mail\ of L31' apparcntly makes no
contribution to the effect. The amount of

V, .-315 needed for significant suppression was
10 11g.

3. 01hei' I chtri', Is do 7101 ctiuse sillbpi'essio, I
The effects of two purified I chains, L5-7

and L5~5, with similar amino acid sequences



Group Pretreatment

o I000 2000 3000

I - Ant I- 19 antibody bou rid ( count! mm )

FIGURE 4. Abscnce of suppressioi. of the tintibod}. response to the idiot>'pe of an is o10goLis myeloma It rotein
T's2 b\. \11, -315. Groups of se\. en inicc received 200 I, g of \'I. -315 I. \. and 7 day's later \\ere jinmunized
I\\'ice \\. ith T952 as for' Fig. I. Sera obtained 7 davs :Ifter the 2nd immunization, i. e. on dn\, 21, were
titratcd by solid-pit"sc radioimmunoassa\' Lising '''1-anti-Ig us described Linder it^^tenals and Methods
Salmples of 20 111 (open circles) or 50 111 (closetl circles) of dilutcd antiseruni (I : 2000 dil. ) \\. ere assayed.
Values in palrcntllCSes arc means t SEA, I for boLind radioacti\. ity

N one

11

ANn-7952 ANTIBODY RESPONSE

V -315

to that of L"' o1T anti-A1315 idiotypc antibody
production \\, erc examined. In sharp contrast
to the suppressive effect of L31', neither L, -7
(22) n. " L, ~, (13) bl, ,kid th" p, ,dusti. n of
anti-M315Idi, typ. antibodics (Fig. 3).

4. PL-31:7 SPCcjjic(1/4, slippi'esses Ihe PIOdiic-
1101i of a"11'-1,1315 RMI!'bodies

\\'c cxamined the specificity of thc cffcct of
\;,.-315. T952 is also a BALBjc myeloma
protein with it chains and 22 chains 11kc All315
As shown in Fig. 4, production of antibody to
thc idiotypc of T952 \\, as not affected by a
single i. v. injcction of \11. -315 before iru-
in unization of BALBlc mice \\, ith purified
T952. 'I'hus previous I. v. exposurc of normal
BALBjc mice to the \'1. -315 domain SPCci-
tically suppresscd PIOduction of antibodies to
the A, 1315 idiotypc

09,80 (1605 t 82 )

.

o888 (1503t64)

OS. 12400ti!I)

000.0 (2475t69)

strate that injection of Fv-315, L31' or \1, .-315
soilition \\, ithout adjuvant has a nTarked sup-
pressive effect on the antibody, response to
the A, 1315 idiotvpc. Because thc same in-
hibition profiles were observed after a single
i. v. injection of Fv-315, L3!, or \/,.-315, but
not of H3i5 or \1, ,-315, we conclude that the
structure responsible for slipprcssion Is 10-
catcd on the \/I. -315 scquencc. \11. -315 causes
highly reproduciblc suppression of antibody
production to thc A'1315 idiotypc in CFA.
Our data also dcmonstratc that the suppres-
SIon is idiotype-specific, because I. v. injection
of \'1. -315 did not suppress the production of
antibodies to T'952 (, I, 22), \\, hich differs from
V, .-315 in five amino acids at positions 3894,
95.96 and 99. The use of A1315 as a model

idiotype has thc following advantages. First,
thc entire amino acid sequences of \',, and \11
arc known (Dugan at a1. , 1973; Francis et al. ,
1974), so that the precise striicture of the
idiotype that regulates the immune responses
to the idiotypc can be determined. Second,
the specificity of iso10gous anti-A'1315 anti-
bodies (i. e. those produced in the syngencic
strain)I, as already been established:, i. e. speci-

DISCUSSION

There have been onI\, few studies on down-

regulation of the specific immune response to
the idiotype of ISOlogous Ig (Sakato et al. ,
1981, 1982). Thc prescnt results demon-
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tic for a combinational (V, .-315 plus V, ,-315)
determinant of the IV1315 paratope (Sinshinha
and Elsen, 1971 ; Tungkanak and Sinsinha,
1976; Lynch and Milburn, 1984)

Previous studies (Sakato at a1. , 1981 and
1982) demonstrated that in the BALBlc
strain, Fv-315, L315 or \I, -315 induced sup-
pression of the delayed-type hypersensitivity
(DTH) response, provided that they are in-
jected I. v. in a soluble form before sensitiza-
tion with A1315 in CFA. \\;e also found that

effect of \!,.-315 on A, 1315-the suppressive
DTH involved the generation of suppressor T
cells (Sakato et a1. , 1982). Our experimental
protocol is useful, because there is no need
to induce suppression to inodif\, the idiotype,
such as by coupling the Idiotype to the cells
(Mus, " at a1. , 1983), and thus th. re I^ litti"
likelihood of undesired alterations of the

idiotype. An important unresolved question
is whether the B cell response to the ISOlogous
M315 idiotype is also regulated by the V, .-315
As mentioned above, the B cell response to
A1315 is focused on the idiotypic deter-
minant(s) formed by both \;,, and \;,,.
Therefore, if B cell tolerance predominates,
presumably only the Fv fragment will be

However our data Indicate thatsuppressive.
Vj. alone is also suppressive (Fig. 2, Gr. IV)
As for the specificity of T cells that regulate
the immune response to the At 315 idiotype,
we demonstrated that \IL-315 specific sup-
pressor T cells regulate A, 1315-DTH (Sakato
at a1. , 1982), and others reported that V, ,-
specific helper T cells involve in the produc-
tion of antibodies (JOTgensen and Hannested,
1979). From these studies, helper T cell
tolerance andjor the suppressor T cell mech-
an ism can explain the suppressive effect of

the anti-idiotype antibodyV, .-315
sponse

Our most significant finding \\, as that LSIs
whereas L5-7 did notinduced suppression,

(Fig. 3). Th, ^. qu. n. . of L'~' differ^ at ,ne
position (tyrosine-98) from the 12 germ-line
sequence (Elliott at a1. , 1984). L, ,' differs
at four positions (is Dieucine-38, phenylalanine-

94, arginine-95 and asparagine-96) from the
22 germ-line sequence (Dugan er a1. , 1973 ;
Elliott at a1. , 1984). Therefore, four amino
acid substitutions (each resulting from a
somatic mutation in the V/2 germ-line gene)
in the 2211ght chain of A, 1315 determine the
suppressive activity in the production of anti-
bodies to the it^315 idiotype. Because ISO-
Ieucine at position 38 is in the framework and
probably of negligible importance (Sakato at
a1. , 1982), \\, e conclude that the three amino
acids at positions 94.95 and 96 are important

As has been pointed out (Sakato at al. ,
1982), it is conceivable that any lymphocytes
or antibodies bearing the \/,,-315 idiotype
could regulate the complementary, (I. e. anti-
idiotyplc) sets of the Immune system. The
V, .-315 idiotype-positive elements can be
considered as nonspecific parallel sets (Ierne,
1974), because they express the regulatory
idiotype located on L315. Although the ino-
Iecular basis of this type of regulatory Idio-
type is poorly understood, clustered somatic
mutations, as evident in LSI', may be Im-
portant. This hypothesis is based on tile
following findings. First, neither Los2, which
differs from the germ-line \1/2 sequence in
one amino acid at position 99, nor }1952 alone
suppressed the T952-DTH. Second, \\, e also
found that a DTEl response to the idiotype of
BALBj, my, fom" prot*in All67 (,,, ,,) could
not be suppressed by pretreatment with its
L chain, \\, hose amino acid sequence differs
from the germ-line sequence of \\ in two
distantly separated positions 54 and 73 (Saka-
to et al. , unpublished observation). In both
cases, L chains joined to their hornologous H

L, 52H952 and Lie7H167 are re-chains,
quired for regulation of the Idiotype-specific
DTH response to the corresponding Ig.
The problem of whether antibody, responses
to the idiotypes of T952 and NII67 are also
regulated only by their own idiotype formed
by a combination of \111 and Vj, , and not by
the nonspecific parallel sets, L952H* and
LIB7Hr where x and y represent tinrelated H
chains, remains unresolved

on
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A number of Importaitt questions are

raised by the studies presented here and else-
where (Sakato et a1. , 1982; JOTgensen and
Hannestad, 1979; Lynch and NIIlburn, 1984)
\\!hat is the relationship between the \, arious
L315-specific regulatory effects; \\'hat is the
mechanism of the suppressive effect of \'1. -315

the anti-A'1315 response; Do \',.-315
specific suppressor T cells for A1315-DTH
(Satat. at a1. , 1982) al^. funori, rim tire A, 1315-
specific B cell rcsponse; 'I'hesc questions

on
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