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                         Introduction
                                        '                   tt     Xt is-well recognized that there are two subclasses

                  .t                                               'in guinea･-pig immunoglobulin G, one of them is an electro-
                                                   '     ..phoretically slow type designated as !gG2, and the other is '

                       'thefastertypedesignatedasIgGl,andtheform.eris -.
    'a major component in the normal serum and the latter is
                                               '                                      '                                                     '
           '
                                                         '     From the data of the amimo acid sequence analyses, .

it.iS known that these subclaSs immunoglobulin molecuZes
                           .                        - -･are quite closer t6 each other than any other, but are

                              'contrasted with each other in the biologieal or functional

properties. .For instance, the subclass IgGl antibodies'' .`.

                                     '                                                    '   'a]?e required for V.he homologous anaphylactic react;`o-n.g.,

                                                 'incapabZe of sensitizing h.eterologous tissues and fixing
                                                     'complement -components in the classical pathway, but' the .. L.

                                                        .subclass IgG2 antibodies. a]?e'required for sensitizihg hetero-
             '                                                          '                                                     '       '

                                                      t-                 '  '     It has been also known that when guinea-pigs were

immunized with certain antigenS emulsified .in Freund's

complete adjuvanf (FeA), the responses are £ound"'in both

                                                      '
subclass antibodies, Put are major in IgG2 and minor 'in..

IgGl at an early course of the immunization, whereas with

the antigen in Freund's ineomple'te adjuvant (FIA), the '

products are major in IgGl antibodies. Fro.m these facts

it has been suggested that the responses of these subclass

antibodies are susceptively influenced by the immunization

                     '             '                                   '                        v-                         '
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proeedures, particularly by the kinds and/or doses of

                                                         '                                         'aqjuvant and antigen, and FCA is reguired for the intensive
                                                                      ,
response of rgG2 subclass antibody.

     Furthermore,inthecaseofant･i-haptenantibody, ' ,
                                                         '                                                'there are some evidences that when guinea-pigs were immun;zed
                                                '
with DNP-E.coli, regardless with or without of FIA the .
                               '                                            'response of the anti-DNP antibodies are seleet'ively dominant

                            '                                 'inlgG2subclass.... .'-
     Mhereffoire, it has been spebulated that a certain

                                         'sequential or preferential correlation exists between the

                                        '                                              'responses of guinea-pig subclass antibodies.

     !n our previous experiments on the immunization of '
     'tetanus toxoidi it was found that the symptoms of cutaneous

                           'anaphylaxis a]re observed variously in the guinea-pigs in

an early course o£ the immunization under a specifie' d . .
          'condition. Mhe observqtion seemed to show that homocYto-
                                                   '                                                     'tropic antibodies had been produced in the imnunized animals

                                              'at so early stage. However, the biological roles of the'
                                                              '
antibodies in defence mechanisms in vivo and of the eorre.la-

tion between the responses of each subclass antibody have '

not yet understood.

      Zn this paper, in order to investigate further the dis-
                                                       '                                     'tinctivebiologicalpropertiesandthedistributioninanti-- '

sera, the separation and quantitation of the subclass anti-

bodies from the individual antisera obtained at various dayB
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in the early

dose of BSA

were carried

.

1mnuno assay

against the

 course of the immunization with the minimum

required for the anaphylactic sensitization

 out by a modified indirect method of radio-

 using individually speeific goat antibodies

subclass IgGl and IgG2.

e

-3-



e

.

e

                     Materials and Methods

     Albumins : Bovine serum albumin ( BSA, 5 times recrystal-

lized ) was obtained from Nutritional Biochemicals Co.( U.S.A. ).

Guinea-pig serum albumin ( GSA ) was prepared by saturated'

ammonium sulfate precipitation and DEAE-Sephadex A-50 column

chromatography from the pooled normal sera.

     Guinea-igsubclassIgG'sandgoatantibodies: Mhe
isolation and purification of these immunoglobulins and anti-

                                                  'bodies were performed according to the procedures described

in our previous reports. In brief, the sera obtaind from

gvtinearlpigs irnmunized with BSA in FCA were submitted to the

isolation of the subclass IgG's. rehe procedure consisted

of the ion-exchange chromatography on a columm of DEAE-Ce!lulose

and the gel filtration on Sephadex G-150 column. Antiserums
                             'to these subc!ass i"!munoglobu!ins were obtained by immunizing

goats with the isolated ZgGl and !gG2, respeetively. The IgG

fractions were isoiated from these goat antisera according to

the. same procedures as used in the case of guinea--pig immuno-

globulins, except for a little differenees in the condition

of columm chromatography. The isolated antibody preparations

were stTongly reacted with each corresponding antigen, but
                           'still reacted weakly with each other. So, in order to obtained

the subclass specific antibody, the antibody preparations were

cross-absorbed with eaeh other subclass IgG coupled to CNBr-

activated Sepharose 4B. After the repeated absorption,

-- 4 -
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these preparations did not show any precipitation reaction

with the heterologous antigens and the other serum proteins.

Mhe specificity of these antibodies wiU be cofirmed in the

radio-immuno' assay under Experiments and Results. Utilizing

the speeific antibodies, the guinea-pig subclass TgG's were

further purified by cross absorptions with these antibody

immunoadsorbents. These purified antigens and antibodies

were used in the following experiments.

     Immunoeleetro horesis and double diffusion tests : Immuno-

eleetrophoresis in 1.0% agar gel was done using a veronal
                       '
buffer IH 8.6, p;O.05. An electrophoretie rum of 1.5 hours
                                                               '
was obtained using l60 V. Double diffusion precipitin tests
                         'were done using l.2% agar dissolved in borate buffer pH 8.0.
              '     ltS329!I!E!ua{!te!!.gig-ny]2]:gSg!n.t t f ot :Theabsorbancyat280nmwas

used for ca!culating protein concentration. The values of
                                       'E:::.% were taken as 14.l, 14.0 and 7.0 for guinea-pig IgG,goat
           '                               'IgG and BSA, respectiveZy.
                                      '                       '     Immunization of guinea-pig :. Randomly bred Hartley strain

guinea-pigs of female, weighing 500 N 550 g were used.

Aminals were received single intraperitoneal injection of

various amounts of BSA mixed with aluminum adjuvant.
      '
                                     '     -lt!ng]21ptLE!g!2,E=]zgg£11g!Ehlctlc eactlons:

                      '  '     ]t29EE2,YL9-9!IggE!]sgyg--egAI21ulLg2Ei!s-S-]2gl!..2-t h lams ( PCA ): Several dilutions

of purified IgGl antibody or test samples ( immunized serum

from individual bleedings ) were injected intradermally in

                                  '
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O.1 ml quantities intoshaved dosal of normal guinea-pigs in

duplicate. After a short latent period ( 5 hours ) or a long

latent period ( 24 hours ) the animals were injected intra-

venously (i.v.) with 1.0 ml of O.5 per cent solution of evans

blueinsaline(O.l5MNaCl)eontaining1.0mgofBSA. '
Thirty minutes after the antigen injeetion, the animals were

killed and the skin ･was inverted and the lesion diameter was

measured on the outer ( or inner ) surface of the skin with

a slide calipers. The reactions were graded according to the

diameter of the colored spots ; O = no reaction, 1/2 = less

than 5 mm, l= from 5 to IO mm, 2= from IO to !5 mm, 3= from

15 to 20 mm, 4 = more than 20 mm.
                                                      '
     Active cutaneous anaphylaxis ( ACA ) : At first,guineJa-

pigs were intraperitoneally injeeted with various amounts of

BSA in aluminum precipitates, and at various days after the

injection, various amounts of BSA ( l.O, O.1, O.Ol mg ) in

O.l ml volume were intradermally injected to the shaved dorsal

region of the actively sensitized guinea-pigs, and at the.

almost the same time, O.5 ml of 1.0% evens blue solution was

intravenously injected the animal. The skin reactions with

blue spots were appeared with in a few minutes and completed

with in 50 minutes after the antigen injections. Animals

were killed, and the sizes of spots were measured and graded

aceording to the simUar way used in the PCA reaction.

     Passive systemic anaphylaxis ( PSA ) : Various amounts of
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the purified IgGl antibody were injected int]?avenously in-bo

normal guinea-pig weighing 300 '" 350 g. Forty eight hours

later, the animals were intravenously injected with 2.0 mg of

BSA in l.O ml o£ saline. The reactions were graded by the
                                                          '                                      '              'observed syrnptoms of anaphylactic shock as follows ; O = no

reaction, 1 = slight reaction, 2 = moderate reaction, 5 =

severe reaction, 4 = death.

     .lt!SL!2Yi2-EyE!2ggllg--gEni!E21ulLeEELzLAEA,.2-t Sticanaphyiazs(ASA):Thesensitized

guinea-pigs as well as the ACA, were intravenously injected

with 2.0 mg of BSA in saline, the observed sy-iptoms of the

systemic anaphylaxis were graded as in the case of PSA.
                                                         '
     Radioactive iodination of proteins : Purified immuno-

globutlins ( guinea-･pig IgGl, IgG2 and goat anti-IgGl, -IgG2 )

and BSA were iodinated by the chloramine T method described

by Greenwood et al. (s) by using carrier-free Na'25I ( New

England Nuclear U.S.A. ). The solution containing O.1 N

1.0 mg of the protein preparation was mixed with about 2 rv

20 pci of`2SI, and a small portion of chloramine T freshly

dissolved in O.O05 M phosphate buffered saline pH 7.2 ( PBS )

were added to the reaction mixture, to be a ratio of chloramine

T to protein 1 : 20 ( w/w ).' Whe reaction mixture was

allowed to proceed in an ice cold for 10 minutes and then

terminated by addition of sodium hydrosulfite ( 50 pg/ rng of

protein ). unbound'Z5I was removed from the sample by

chromatography on a 1.2 x 50 cm eolumn of Bio-gel P-10 ( Bio-

･- 7 -
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Rad Laboratories, U.S.A.) equilibrated in PBS. Mhe labeled

                                                  'samples were throughly dialysed against a lot of PBS.

The specific radioactivity bound to protein was determined

by 10% trichloroaeetic acid ( TCA ) precipitation of a smaU

portion of the sample and more than 98% of the total counts

of labeled material was found in the precipitate.

.

e
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           Experiments and Results

Characterization of goat antibody immunoglobulins :

Zn order to comfirm, the mono-specificity of the purified

goat antibodies to the guinea-pig subclass antibodies were

tested against these antigens by immunoelectrophoresis and

double diffutsion in agar gel. The results of the immuno-

electrophoretic analyses showed that the each antibody

reacted to the corresponding subclass immunoglobulin alone

with a single precipitation arc, and never reacted with the

other guinea-pig serum proteins including IgG2, respectively.

They were further confirmed even by the more sensitive radio-

immuno assay, that is, the radioactively labeled antibodies

quantitative!y bound to the solid phase immunoadsorbent

made of the homologous antigen, the percentages of the bound

cpm to the total one were 9.0% for the anti-IgGl, and 6.5%

for the anti-IgG2, but only less than O.15% was cross-react-

able to the heterologous antigen or guinea-pig serum albumin

for the respeetive antibodies. These percentage va!ues were

also used to estimate the specific antibody contents of the

anti-subclass antibody IgG.

     eharacterization of guinea-pig IgGl and IgG2 immuno-

globulins :

bodies were
with bovine

appreciable

Because the purified guinea-pig subelass anti--

prepared from pool of the hyper immunized antisera

serum albumin, these preparations contained an

amounts of anti-BSA antibodies belonging each of

･- 9-
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the subelass immunoglobulins. The antibody contents of each

preparation could be determined by the direct radio-immuno

assay usingpolystyrene tubes coated with BSA. The radio-

activily labeled IgGl and lgG2 preparations quantitatively

bound to the solid phase immunoadsorbent of BSA, and the per-

centage values of the bound cp,m to the total one were taken

as the specific anti--BSAactivities involved in the subelass

immunoglobulins, that is,41% for IgGl and 16% for IgG2.

The antibody concentrations of the subclass preparations x-xere

calueulated from these percentage values.

     PCA activity of the purified IgGl : The IgGl preparation

used for the experiments was containd a known amount of anti-

BSA antibody as described just above. Therefore, PCA

reac Vions could be sensitized with this IgGl and be induced

            'by the challenge of BSA antigen. To determine the minirnum

dose for passive sensitization and the latent period, normal

guinea-pigs were intradermallY injected with various amounts

of the IgGl, and various hours later the animals were

challenged by the procedure described in Methods.
                                                          '
The positive PCA reactions were observed at 3 hours after

the injection with moTe than O.! pg of the IgGl antibody ( in

O.1 m! volume ). However, at the latent period prolonged to

24 hours, the minimum dose decreased as about one tenth of

the above value. The PCA reaction in the following expen-

ments were performed under the condition.

- IO -
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    Recently, it is established that gui4ea-pigs produced two

 distinct types of homocytotropic antibody, one belong to the

 IgGl subelass and the other to IgE class of irnmunoglobulin .
                                       .                                                                 . and they are functionallydistinguishable by their biological

 properties. In this paper the criteria were applied for
                                              '                    '  the distinction between IgGl and IgE, that is, IgE antibody

 loses its qbility to induee PCA reaction by heating at 560C

                                                         ' for 2 hours, and persists in the passively sensitized skin
                                         '                                 '              .                                                           'for over 10 days, finally IgGl bound to Protein A from
                        l- -. ---                                   '                   -staphylococcus dureus loges its anaphylactic reactivity.

Mhe results were obtained that no interference of the anaphy-
                                                          '                                                         --lactic reactions elicitedthe !gGl preparation b' y heating '

was observed ahd the skin persistence was completely extin-

guished with in 3 days and. the inhibition of the PCA reaction
   .           '
by addition of ProteinAwas observed. -
                                                     '                  '                                                        .
' Passivesystemicanaphylaxis(PSA)o£IgGl".Modetermine
the minimum dose of passive sensitization, normal guinea-pigs
                                                               'were injected intravenously with the･purified IgGl in various
             .                      t.                               ttamounts, and 48 hours later, the anaphylaxis both of fatal ,

systemic and of local reaction to the guinea-pigs were found
                                   '             'with the administration of the !gGl containing 50 pg of the

anti-BSA antibody protein, but less than this quantity, only

the local reaction was positive and with less than IO pg of

the antibody, any anaphylactic reaction could not be found.

   Mhe effect on the anaphylaxis of the IgGl antibody by

                        v ..                         ,
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coexisting IgG2 antibody were tested and no effect was found

by the addition of over twenty times higher quantities of the

IgG2 antibody than that of the IgGl antibody.

     Anaphylaetic reactions in the animals sensitized with

various dose of BSA : Guinea-pigs were intraperitoneally

sensitized in aluminum precipitate with various amounts of

BSA and both anaphylactic reaetions were investigated in these

                                                         'groups of 4 animals. The weak ACA reactions were observed

in the groups immunized with 1.0 pg of BSA at 10 days after

                     'the injection, but systemic one did not. Mhe apparent
                              'anaphylactic reactions were found in these both groups with

ZO and 100 pg o£ the antigen at least in 15 days after the

injection, but the fatal systemie one did not, and at 20 days

later, the fatal or severe systemic reaction were observed

in these two groups.

     Determination of the svtbclass antibodies in the sensitized

animal sera : It was considerably hard to quantify a very

minute amount of antibody by the conventional techniques,

furthermore the procedure had to be able to determine each

                                                 '                                                   'quantity of the specific subclass antibodies using a small

volume of the antisera. From these reasons, the radio-

immuno assay with some modifications has been successfully

applied to this purpose. The procedures of the indirect

radio-immuno assay eonsist of three reaction steps as folloTxJs,

l) coating polystyrenetubes with BSA, 2) binding anti-BSA

- 12 -
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antibodies in guinea-pig antiserum, finally, 5) binding radio

actively labeled anti-guinea-pig subclass antibodies specific
                                                               .for each of the subclass IgG's. Mhe practical procedures

would be described in more detail; One ml portions of l.O% .
                                                                '
BSA solution were pipeted into polystyrene tubes and stood for

1 hour at yoom temperature. Mhe solutions were aspirated and
            '                                      '                                             '                                    'then washed 5 tirn'es with PBS. To block the rema'iming vacant

                               t.site, the tubes were fiUed with.l.O% solution o£ GSA in PBS,
                  +t                'and allowed to stand for 1 hour at room temperature, then the
                                                              'GSA solution was aspirated and washed 3 times with PBS.

   The second, various amounts of the primary aiitibodies'(
                                                             '       'guinea-pig antl'-BSA IgGl and IgG2 ) and O.1 ml portion of GSA

solution were added to the tubes, the tubes were ineubated for
                   '
24 hours at room temperature with rotatory stirrer, the solution
was removed and washed 5 times with PBSi Finally,'25I-labe'!ed

secondary antibody (goat anti-guinea-pig IgGl and IgG2) and

O.1 ml portions of l.O% GSA solution'were added to the primary

antibody bound tubes, respectively. Mhe tubes were incubated
for 24 hours at room temperature by rotation, wabhed 3 times

with PBS and then the remaining radio activities in tubes was

counted with auto-gamma scintillation spectrometer (Model 5520,
                                                  '                                                      '                                'Paekard U.S.A.). Mhe correlations between the quantities of

the subclass antibodies and the radioactivity of the specitic

antibodies against these subclass IgG's were obtained.

Mhe quantitating reference curves for each subclass anti,body
                                                  .                '
                        v･                        '

-'s -t
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       '            '                                        ttwere used for the actual determinations of the antibodies in
                                                                     ,                                              'theantiserumobtainedinanearlystageoftheimmunization's. '
                                                   '                                                                   '   In order to investigate the sensitivity and accuracy o# ttiis ,

method the amounts o£ the primary.antibodies bound to thq antig.en

coatedtubesweredirectlydeterminedusingeachofthe`2Sl- -

labeled subclass IgG's in various concentrations. In separate
           '                     'experiments up tQ 1.5 pg of the primary antibodies were
                                                  'quantitatively bound to the tubes in both cases, but with more
            '                           .                        . .-..than this quantity`, the bindings were gradually saturated and

the quantitativeness was unestablished in the both cases.
                                                            '                     'Mhe binding rates of the antibodies were also .determined'at

various incubastion hours in these measurments, and it was found
that more than 90% of the!Z15I-labeled antibodies were able to

           '                                                     -                                                               'bind on the coated tubes within a £ew hours. . ･.                                                         '
' Mo determine the optimal concentration o£ the'2SZ-labeled"

secondary antibodies, these antibodie.s were added to the tubes
                           '                                                       'eombined with given amounts of the radioactively non labeled

IgGl and IgG2. At two different concentrations (200 and 400

ng) of the antibodies, the amounts o£ the bound primary anti-
                    'bodies in botb cases, and the reference curves for the.determi-

nations of each subelass antibody were obtained, and the measur-

                                                --
able ranges of the assay were found to be'l to 20 ng o£ the
                                                       ..
                 '
                          '   Under the coditions determined in the above reactions, the
                                                                 '                                                            '
guinea-pigs immunized with 100 pg of BSA in aluminum preeipitates
              '      '
                                                   '          '                        ,

                           -14- ' '
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were bled from the ear vein in various days a£ter the immuni-
                                                   'zation. Mhe result indicated that both IgGl and TgG2 anti-

                                         "tbodies were concomitanUy deteetab!e in the serum .obtained on'

the10thdayaftertheimmunization. In15thday,itwa.s ,
                                                     ttfound that the most of the inerease of antibody contents was

        'due to the production of IgGl antibody, and the concentration
          t                                         'oflgG2antibodyxArasgraduallyincreased. ' '
     PCA activity o£ antiserums of individual-bleedings at

early stage o£ imminnization : Mo examine PCA aetivity o£ the
                                                   '                                                     'antiserum 6btained in the early stage of immunization, normal
                          tt -                                           ' guinea-pigs were injected intradermally with the test anti-

                                            'serum in a various dilutions, and 24 hours later the animals
                         'were challenged by intravg.nous injection of l.O mg BSA in O.5%

        'evans blue soluti'on.-, Mhe results shown that the d6gree of

PCA reactions were in proportional to their antibody concent-

                                                   .                                       '
                                     .                                                           '                   '               '                                                        '

.

.
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                       --                      Dlscusslon

     Zt is well known that antibody responses are

susceptively influenced by immunization procedures. In the
                    'case of guinea-pig immunization, the responses of subclass

IgGl and IgG2 antibodies to certain antigens are affected
                                                     '                                                       --with the kinds of antigens and adjuvants used for the immuni--

zation. ( l, 4 "' 7 )

     Recently, it has been shown by Fvtruichi et al. (2)

        'that when guinea-pigs were immunized by DNP coupled E.coli,

regardless with or without of Freund's incomplete adjuvant,

the production of anti-DNP antibody is selectively dominant

in !gG2 subelass.

     From these results, it has been speculated by them that

a eertain sequential or preferential correlations wou!d be

involved in the responses of thesF subelass antibodies,

                            '
as well as in the case of the resr.onses o£ subclass anti-
                                'bodies in human and murine imnunoglobulins.

      However, the results of the determination of each

 quantity of the subclass antibodies in individual antiserum

 indicate that appreciable amounts of both lgGl and IgG2 anti-

    ' bodies are eoncomitantly produced in an early stage of the

 immunization. And also, actually, it has confirmed by the

 antisera obtained in a exceedingly early stage of the immuni--

 zation and any appreciable amount of the other reaginic anti--

 body IgE could not detected functionally in these antisera

- 16 ･-
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by the distinguishable properties of these homoeytotropic

antibodies, such as the heat stability and skin persistency.

     The possible conclusion to be drawn from the present

study is that each of the subc!ass antibodies are

independently synthesized from separate cells committed to

the given antigen and no sequential response are found

in these subclass antibodies, as well as in the case of

human IgG subclass antibodies.

.

'

e

- 17 -

/



`

 t

e

.

s

e

                     References

1. Benacerraf,B.,Ovary,Z.,Bloch,K.J., & Franklin,E.C.,

   (1963) Properties of guinea pig 7S antibodies. I. Eletro-

   phoretic separation of two types of guinea pig 7S anti-

   bodies. J.exp.Med., ll7,937-949

2. Furuichi,K.,Kato,M.,Nakarnura,T., & Koyama,J., (1974)

   PreferenUal production of IgG2 anti-hapten antibody in

   guinea pigs immunized with 2,4-dinitrophenylated lipopoly-

   saccharides of Escherichia coli. J.Biochem.,Z;6, 1147-ll49

5. Greenwood,F.C.,Hunter,W.M., & Glover,J.S., (1965)

   The preparation of')il-labeUed human growth hormone of

   high specific radlo activity. Biochem.J.,SL9,ll4-l25

                         '4. Harel,S.,]]iacopolos,]?., & Ben-Efrain,S., (1972)

   Inhibition'of immunological components by antigenic

   competition and other immuno-depressing p-oz,cedures.

   ImnurL.1ogy,2Lt,515-524

5. Loewi,G.,HoZborow,E.J., & Temple,A., (l966) !nhibition of

   delayed hypersensitivity by pre-immunization without

   complete adjuvant. Immuno1ogy,2Lt,339.347

6. Nussenzweig,V., & Benacerraf,B., (1964) Differeces in the

   electrophoretic mobilities of guinea pig 7S antibodies of

  ,dif£erent specificities. J.exp.Med.,119,409-423

7. White,R.G.,Jenkins,G.C., & Wilkinson,P.C., (l965)

   dihe production of skin-sensitizing antibody in the guinea

   pig. Int.Arch.Allergy,2Lt,l56-l65

- 18 -


