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THE "INCOMPLETE". ANTIRODY FORMATION IN WEBSTER MICE

INTROIDUCTLCH
iistory

The concept of immnity originated from the knowledge that
alter recovery from an infectious disease a person usually would
not have another att ck o that particular disease, The first
application of thie idea wos with Jenner's vaccination against
Srallpox nsing live vimus from naturclly acquired Cowpox. The
search for the explanation of this and related phenomena led to
t e discovery of s peculiar sort o substsmce in the blood serum,
which was nered antibody. This substance was formed not only as a
result of infection, hut =lso alter t'e administration of certain
complex poisons such as toxins, an” forei n proteins. Hesearch
was also done usin dead Tacteria. It was not lony tefore
several WOrhers)namﬁly; Tordet, Tschistositeh, Lelfanti, Carbone,
von imncern, Landsteiner =i unlenlmth, foun. that immunization
against microves, toxins anu proteins is only & particular instance
of a perersl principle, i.e., & ‘oreign su stance ¢ n induce ﬁhe
formstion o a speciiiec ntirod , whiich combines with t at sibstance

in some messurable way.(78)

Definition of an Antigen

A su-stance which, when injected into the tissues of an
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animal, causes the appearsnce, after a suitable length of time, of
antivodies in the cells; tlood serum or other hody fluids., Ususlly
the reaction is srecific in that each srtigen stimulates the
formation of antibody for liself and no other antigen even though

t may be closelvy related; and the re ction takes place only when

odte

the antizen is foreign to the internal environment of the animal

into which it is injected.(7)(13){17:(2LJ)(36;(113)

Genersl Properties of antigens

Antigens are high molecular weight substances usvually protein
in nature, which possess many immunologically "active™ chemical
groups. They induce antibody formation when injected into an
animal. The specificity of antigens depends upon their chemical
comrosition, An antigen's specificity may be sltered by introducing
various chemical groups such as carboXy or phenoliec or by certain
modi’iers such as acids and hases, Neutrasl sulstances have teen
fornd to be less effective., It is the nresert beliel tiat the
arvonpemert o' the amino acids in the protein chaln, particelarly
the terminal amino acid, determines the serologic character of the
nrotein,

Antigens which do not csuse the formation of anti odies aiter
their injection into an anixmal but which do resct with antivodies
in o test tube are terned haptenes. At the present time there
appear to e two kinds: 1) complex haptenes, which combine visibly
with antito 'r; 2) simple hapteres, which cowm inre invisibly and

prevent visible reactions. The most intensivel, studiel haptenes



3.

have been the polysaccharides, lipids and simple cherical substances,
€.8., amino acids, lure pelysacchsarides cun on occasion act as
complote entipens; lipids when cord ined with proteins may slso

vecome antirenic,(9)(13)(173{2:)(36)(113)

Definition of an Antirody

4 protein, which is forred by the animal in response to the
presence of antiren in the tissues and which comuines specifically

with the antigen.(9}(13)(17){2L){(36)(113)

Iypes of Anti odies

1.) hg lutinins - 4ntitodies formed in response to the injection
oif bacterial or other cells, When mixed with the homoloyous cells
the antitody will immohilize them if tley are motile, then a srezate,
'or agglutinate tlhe cells with the formation o. c¢luups,

2.) Autosz lutinins - Globuling, “elieved to be antibodies,
which ag-lutinate a2 person's own red cells, white cells or platelets.
One variety usuzlly reacts vest a2t low temperatures an 5 therefore
called a ”Qold arglutinin®,. The role of autoajglutirins in the
production of disease has not teen clearly defined.,

3.) Isoazglutinins - Antivodies which occur paturally or

vhlch cen be fwduced within a single animal species,

li.) Antitoxins - hntilodics formed in response to the

injection of toxins, when mixed with toxin the antibody specificeally

neutralizes its posionous gqualities,



.} Viral neutralizing - intivodies which when mixed and
incutated with an infectious agent, render it non-infective.

6.) Ablastins - Antivolies which prevent the multiplication
of the invading micro-~organism.

7.) Opsonins -~ Antibodies which render Lacteria susceptiltle
to ingestior by prapgocytes,

£.) Lysins - Antilodies which tring alout a disselution or
lysis of bacteri l o1 other cells in the precence of complement.

9.) Frecipitins - sntitodies whien agrregate solubtle
antiens,

10.; Heterophile {lorssman Group) - Antilodies produced in
response to the injection of a wide variet of tissues avcg cansing
the lyveis of sheep‘red blooc cells in the presence of complement.

11.) Keagins - éntivodies wrich are demonstrated in the
servm of soontaneously allervic (atopic) individusls, 1ley have
particulsr aflinity for human skin and appeor to be responsitle
for cutaneous whealing re ctions.

12.) Lloehin, = sntibodies formed by the repeated injection
of minute amounts of -llergens into allergic patients. Ihe
antibody specifically "neutralizes" the allergen so that the
mxture does not produce a skin resction in sensitive subjects.

13.) inconplete (Univalent) - antitodies Whiﬁh}when wixed
with antigen, will coat the antigen btut will not cause a visitle
rescticon in ssline,

1i.) Froperdin - & normel constituent of serum which combines
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weskly with foreign antigenic nubsta ces, helps destroy bacteria,
neutralize virus, and 1vse red blood cells. It appears to act
only in conjunciion with complement snd masnesium ion.(§)(13)(17)

{2L)(36)(LBI(6T)(683(T76)(113)

Chemleal Hature of antibodies

Antibodies are cansid&recﬁ to Le protein in natuie or
insenarably associated with protein jor the followiny rensons:
a; The ackivity of antiserum cin e destrayﬁd ©¥ heat at the same
rate as proteins o) tihe serum are denatured. b) Antibtodies ¢=n be
removed from antiserum by precipitation of the proteins. ¢) They
‘can often be recovered in active form from such protein precvipitates.
d} ¥ ey disanpe r fr@m an immune serum acted upon by proteolytie
enzyres in proportion to the e -tent to which hvdrol?&is is allowed
to rroceed. e) They apresr to migrate with t'e gamma lobulin
fraction of the seram, or as s distin uishatle component between
the beta and pamma plobulins.(17)(98) ) Che ical analysis reveals
no wniform difference betweer antitody plomulin snd normal globulin.
=) Immune camma globulin can Ve fractionated, usin partition
chromatopraphy to ive & partisl secaration of un inert glebulin

from antilody.(101)

Animal sesponse to Antieven Injection

The primary and secondary reaction of an animal to the injection
of antigen is shown on Table 1., Frimarily injected antizen would

e expected to disappear from circeulating blood at a constant rate.
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On the fifth day however, it disappesrs at an usccelerated rate and

by the seventh dav, ia completely pone. This point on the curve

corresnonds with the susearance of circulating antivody.(5){31;{L%)
(109 2(1107€115)

The secondary response also stown on Table 1 illustr tes the
feature ol the "recall? phenomenon, l.e. the antien disanpesars
sooner from the circnlationg antibody is detected by the fourth
day an. reaches a higher titer becauss of increased plasma cell
proliferation.(31)(72}(117) There is sﬁme evidence that antitody
produced after sccondary injection differs from that of primary
injection in hemolytic activity and =lse in the partition chromato-
graph pattern.(}L6)(101)

The antibedy which aprears in the cirovlation re-resents
only a small part of tre total amount. duch is present in cells;

tissus spaces and other body fluids. For exanple if antigen is

injected into ihe footpad of o rabuit the lyaph node draining this

o]

site will increase in sige. The lymph no'e cel's can ihen he
transplanted and the reciplent snimal will show circulating
antibody.(52){53)(5u)(55;(56 }{57)(58)(59){106 ){(135;

It is of interest thai ibouy is not released inte the
serum immediately following synthesis, At lesst one third of
tire total antibody protein needs to Le synthesized before it
can be detected ip the circulsting blood.{51) In connection

with this release vhenomenon the outout of lywrh avpenrs to
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increase preceeding the presence of ~rtibvody in the efferent
véﬁcel. 37}

¥ollowing parerteral injection, the spleen orms nost of
the entilody during the initisl rise and stops at or sbout the
pesk titer. Splenic antibody then disappesrs and non-solenic

sourcas take over the response at a slower rate, (1283(129)
There appears to be 2 correlation between antibody and plasma
cell proliferation.(il }(L2} Thus inieeting a wax fraction of

Mycoltscteriug tuberculosis causes a marked preoliferation of plasme

cells in lym hatic slands, spleen «n liver, which in turn cnvses
an increase in eirculating ntidody.(13%) Persons with apamma-
globulinemia are unable to meke either plasma cells or circulating
antibody ., ( 12{%)

It is presumed that the antigen 1s phapocytized or shsorhed
by amtihodv formin- cells located in warious or ans, i.e, Iymph
nodes, spleen, liver on” lung.(1203) Antizen has heen labeled in
guch a way so 18 1o te located within the cell into which it is
whaorted.{1107(111). A fluorescent lsbeled antibody hss been used
to locate the snti,en sbsorbing cell., IFrom these stodies antigen
appecrs to Le absoried by large immature cells In the medullary
area of lywph nodes draining the gite of injection.{23)(30)(F2)

Another technigue for identifying the exact cell which
produces antlbody is with acteriophaces. &n animal is imgunized

to & "I'" phage o' Lscherichia coli. After antibody is produced,




singsle vells {rom the lywph nodes are renoved srd plated with the
pha e, GLells which appear to produce antibody can be sulseguently

olstel an removed with micropipettes. They ap ear to be of the

e
on

mlasme cell series.(3)

Amino Acid Svthesis

bpleen slices from irnsunized aniumals will incorporate radiocactive
amino acids into antiledy protein during synthesis.(L0)(67)(70(72)
With tissue cultures and C 1i labeled glveines it is fo nd that the
activity of the formed antibody could not be accuunted for by non
speciiic adsorption,(104;(105) Usiny this technicue it has been
s own tiat granulomatous tissue does not incorporate slycine into
antibody as rapidly as the repional lymph node.(l)

Antitedy anpears to be synthesized de povo from the amino acid
nool,(51){130) Fantotienic acid deficient rats are unsble to make
artibody,(120) Low protein diets are also intivitory.(12)(1h5)

The infection of oxidative wetabolite inhiritors will alse
prevent antilovy formation.(90;(117) Cortisone acetate has the
alLility to delay locsl antibosy form-tin in the loose connective

tissue of mice.(62)

Antibocy Yroduction by Various orpans

48 indlcated eorlier, thne iymph nodes and spleen play an
important role in antibody production. The sbility to synthesigze

antibtody is not limite to these orgsns however. Ran; other tissues
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are capshle ol carryin, oot this function although tieir efficiency
appears to depend apon tho munmber of plasms cells present,

In Table 2 the ability o varlous organs and ceils to produce
antibody hes been summarized and desiynated as good or poor., The
data have heen arranzed according to antigen used and the source
ig indicated by the relference mumber., Single aond muliiple injections
were aot separated. -nless stabed olherwloe ratbits were uSed
C stands for ciicken; { slands Jor guinea pilg; M stands for mouse;
and h stands for ret,

The appendlx, bone marrow, liver, lung, l@mph nodes and spleen

appoar W e sble to gynthesize a tilody under wmest conditions,
The kidney was found to be a poor antitoc y procucer in zll cases
excepl cne; in this instance the adipose tissue of the renal sinus
wae d.{7)}

Althoush the spleen is one of the principal subibody producers
there were seversl instarces whele a poor response was obisined.
s & dif"ererce in productivity between the red and white

fulp may be respoveitle since the former contains wore plesms

The liver hes Leen found to synthesize antibody by some (é}(éﬁ)
(381037, (253{233 (138, and net by others () {L(32){L7(To){sL)(10k
(119}, <t is unown o mole ail of the elpha and lets gictulins, but
the jamwa g lobulins are produced else here.(88) ratients with

cuironic hepatic diseaseg are able o wmare three tiues as nuch



TABLE 2

Bone marrow \,;J“ iz}
Liver (}r}(1£7)
L) gy
L proein .z_a- 1k vk 1 .
L hor ytes (37)(54) .
een (11L){127)(3129)(8 107)

= nEsaTetoul

Adipose tissuw of renal sinus (7)
Sone marrow {28){85)
Zraining lymph nodes (28)
thez (6)(28)(75)(103)
ing (631(85)

a in at eite ol injection (27)

Suleen (6)(22)(05)103)
Globulin or | Albumin

2)
tnle at

Lone Marrow (73)(RS)(1191(C
Gramulation tissue around n
site of injeetion (137)

Liver 11\{9 ,;5( 13 }

t“ﬂf {55

V\uf

Lywoh Node (23)(33)(3L(70;(72;{106
(119)(136)(137,(0 2)(5 137)(G 138)
Peritonerl eells {3333k}

Flesme cells in spleen red pulp (23)
Fortal commective tisme of liv‘? {23}
Spleen (70)(02)(26)(11

Subtmucosa of 1leun (23)

=
ohodo @

BRI o T o)
Al LR BTG

POOE

BE oo ; ._..) x
Aprendix (35)(127)
bidner fat (35)

T o panient A e FY BT
Lymph node (& 107,

1
Iym.h plasma {&8hL)
Spleen {1 108)
Jurcutaneous tissue
region (35)

e

Thymas (R 107)

of lumcar

ﬁlbéfla" W-L* of the
N d” {;éi‘;’lbj}
NQH injected skin (-8)

framnulometous tissue at site
of injection (U 23{G 137)
tidney (119G 2)

Liver (70){119)(¢ 2)

Lun= (70)(1193{G 2)

Lymsh node (& 2)

Kacrophages (G 138)

Flacenta (G 2)

Thymus (32)(335(G 2)

93(122)(1:L)(G 2){@38)(C 147)
7



TAILE 2 cortinued

Salmonella

Eone marrow (B5){132)(133) Eile (L7)

iver [6)(051(133) Arantlocytes of peritoneal
Lung (0%) exudate {38)

g2y 0L 3132 (M 77)  Kidner {(10L)

(41 Liver (47,30LJ(13.)
1

{

Tymoh no des {38
Lymphocytes (
Tomoh o ldva
Peritonezl flnid

‘“i L .zJ
--\: T
it -

o

i Lymoh folliecles (h2)
38) Lymoh node {10k}

a1 vuln of svleen (h2)(71){1323/133) Lmnhocwtes {71)(K h3)

Srieen (6)( E3u1)0130) L."m"‘h nlnsma ‘f}'l;)

Wiltte olp of splaen (137) Vacro hares {’*" (108 )(® L3)
Fhag C‘C"Tseq {z }
Slean (10}
Tryme (132) 7
Tissue at site of injection (38)
Wiite pulp ol spleen (71)

Toxin

snnenddx (4){114; “one marrow (LG 9k)

bone marrew (117} Eidney (/L)(119){(C 34)

Gornea {96 Grenulation tismue arcund nodule

Fat (9L1(55)1G 9L) at site of i‘lj‘ctf an {G 137)
Cramilotion tissne around nodule at  Ldver (L,{9L)(1193 (G 94)
site of iﬂi@c*icn (137) Lung (119

Ivach aoles [923(25:(116;{127){115) Spleen (S4){u 94)

137)(G 137) ,

Msmmary gland (1)

Muscle (G4} (953G 91)

Sirin f?;)(ﬁ 9l)

Srleen {L3(116;{117)(31% 1{R 120)

Uterus ()

Vasina (}

4
TE
o

s
st "\-J

a?

Wiscellancnus

log Cholers ~ Liver (45)
Vageinia virus - Necrophs es (60)
cells suis ~ Spleen (123)

"\Wv-
53 o
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ankbiiody as norwsl perscas, oynbnesis sppesrs to Le a hiphly

j;

preferential function resulbtia, in certuoin cases in a replacement
of a large percentsge of the glooulin previcusly present., It
avpeary to be opirative abt the expense of the production o, serum
lhumineél) In patients with acute uepatitis there is no
signilicand chenge in antibody praduction.{37)

he data in Yacle 2 suggest that sither tae ceils capable of
producing antibody are widely distriruted or else itasy have the
ability to =l rate to various tissues as neededs the latter
hypoti.esis is preferred. ILlnally, ths anim 1, the sntigen, the

n8e apd the route of ipunization all hwave some offect on the

URary
1.} antibody ls composed of globulin molecules w! ;ch are
produced 1n regicns ol the tody waere reticulo-endothelial cells,
lymphocytes, - luma cells and other relatively undifferentiated

e qwnczyma1 calls are agerspated,

2.) Artibody prodiuction followin: an an tigenic stimalus rises
te a veak and then diminishes, bub continues at diminishing rate
often for long periods,

3.) Entitedy in the circulation is being constantly resoved
st a rats which is avprowimately prevorticnal to its concentration.

ho) Antid body producticn continues after the antisen

resvongible hag reor eliminated from the cirenlation.



5.) A second or subsequent contact with thae same antigen
provokes a more rapid and active production of antibody (reczll
pheﬁomenon).

6.) Antibody production is a function not only of the cells
originally stimulated but of their descendants as well,

7.) The tvpe of artibody production veries {a) according to
the srecies used (t) with the .we of the animal and (¢) according

to the nature and frequency of the antigenic stimmlus, (12)

Antibody Froduction Teories

& pencral svwrary of theories on antibody formation would
look sometidny like this:

I « SELECTICON THEOKIRS
(a) Complete pre-existance of the information  (Ehrlich)

Selection at a cellular level tirough (“arnet)
common sntigens or spontanecus mutation {(Talmz e;

(Ledercerg)
() Selection at a molecular level involving
» % » e £ T
suceessive steps of incresssed fitness {verne)

II - INDOOTION TMEORIES
(2) Infornotion is keot in the astiyen dering (Breinl and

antibody vroduction: Baurowitz)
"template Lheory" {hudd)

{ranling)
(Camrbell)
(t) Informatior is trimsferred to autocatalytic (Burnet)
intermediary units (Schweet and
Uwen)
(c) Antigenic stimulation of penetic mutation {lederterg)

{d) ¥ired fvpothesis -

First stev « induction of a specific {konod)
structure
Second sten - selection of the anticen ( arpenpeirer)

Table mocified from (1L)



he selection theories are those which have as their hasic
concept the presence in people of globulin which is able to act as
antibody. This antibody (glotulin) hos relative specificity and
scmei?art of it will be able to react with any antigen. The
antizen does the selectin’ ot the fellular level, or finds the
best antibody globulin and alters it so it can become a better
antibody.{11)(12) (1) (64){131) This second theorv explains the
diff'erences between antihcdy which occurs naturally and antibody
which appears & ter immunization.(6L)

The inductien theories consider tiat the antigen 1) either
serves ags g template from which antibody c:zn be patterned or
2) trunsfers its imorint to DEA or HIA w ich in turn serves as the
pattern, In either case artizen need not Yo present in the cell
for antitody production to proceed.{11){12)(141(153(92;(99)

In Lederter-'s theory of antibody rroduction he sets forth
nine proresitions, namely:

1.) Lach sntibody diifers in the sequence of amino acids in
the globulin portion., This is a relatively new notion as zll
previous tieories a reed thot antibody was unique in the folding
of the protein btut not in the orier of amino acids,

2.) lle has pro-osed a iene with the correspondin, 1y
characteristic seguence of nucleotides Ifrom which to pattern
the antibody.

3.) Antibody formin cells are specialized. Their civersity

arises from random mutstions and these genotypes are maintained
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throughout the life of the animal,

li.) During certain sta.es of cellular proliferation random
assemlly o' the chromesonal DA occﬁra._ it would sppear that
faulty replicas of the globulin gene sare initially fabricated and
are then capalblde of exact, autonomcous replication,

5.) Each cell, as it Legins to mature, spontazeously produces
small amounts of the antibody corremponding to its own serotype,
6,) To explein immune tolerance it is rroposed that the
immature ce!l is unusudly susceptitle to antigen-sntilody complexes

and that its sroliferation is hereby controlled.

7.) Dre nature antibody formin. cell is less reactive to
antisen but will stimulate protein synthesis snd the eviolo ical
maturation which mark a ”plasr; cell®,

8.) Mature cells proliferaté extersively under artizenic
stimulation rut are gernetically stadle and therefore enerate
larre clones genotypically adarted to produce the homologous
antibody.

7.) These antitody producin. cells tend to persist after the
dissopearance of the antigen, retaining their capseity to re ct
promptly to its later reintroduction,(BR1)

In the nixed hypothesis two steps of antibtody lormation are
proposed, The first step is induction 2nf implies the formation
of & new spec’ "ic structure on the cell surface adarted to the
antirenic daterminant, A8 a result of this process the induced
cell could concentrate the inducing substance (immunogen) and by

means ol it, incresse ite antibody svnthesis, The alternate theory
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states rather that the induced cell will rezect to the "immunoven®
vy increased proliferstion. In +tiis way a clone is adapted to
the synthesis of a certzin tvpe of antihody.(l&)(QB)

In conclusion it might be stated that the two main ideas
vary only in how the cell acquires the mechanism for making antibody.
The'éelectian theories believin, that antibody forwin; cells are
present early in 1life and that specific stimulation by random
antigens rerults in the incresse’ production of a coumbination of
naturally occurrings globulins, The induction theories sugpest
that the antibody is made by a template, in the form of antigen,
DhA, EVA or s nene; this template bein; forwed by induction

from the antigen or by spontarcous mutation,



COMFLUTE AND INCOWPLETE ANTIPGUIRS

Historm
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The discovery in 1900 by landsteiner of human Llosd groups
oifered a solution te the reactions which sometiwes occurrea when
wnole tlood wes ziven 2 pstient.(77) e t!ereoy opened the way
for the safe tr nsfusion of blood. UDespite the compatibility of
the major and minor ssline crossmatches, reactions still oceurred.
rarticudarly after patients had received seversl units of blood
over a long period of time or after a woman had given birth to &
javndiced, or still-born (erythroblastotic) infant.(7¢}(83)(73)

In 1940 Landsteiner and Wiener established the presence of
a rew = tlgen in red blood cells., They foun. thet if blood from
a i esus monkey is injecte’ into ral'its, the resultin a tiscrum
~will & sletinate the human cells of 5% of the population, Tris
antigen, in common with the Ihesvs monkey, was abbrevisted to
*Fhv.{80)

Wiener and rfeters subsequently demonstrated an antilodr with

e

Bh srecificity in the serum of pati.nts who had received moltiple

P

transfosions.(142) A% almost the same tive Levine and Stetson

described an antibod, in the rerum of mothers delivering

£

Y
A&

3

erythroblastotic tabies. This antitody was sulse.uently found
to have th speciiicity.(83)
The theory of isoimmunization in pregrancy, as proposed by

Levine and Stetson, demanded th:ot sntirodies be consistently
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found spzainet a component of the hloo! of the father, This
com ponunt must 186 be preasgent in the baby and absent from th
blood sf the mother, 4cinslly in the early studies, such an

antibody waz irfrequently present and often in low titers. This

.*3

Zilemrz was solved by ctudies of hace snd Yiener in 154k, who
simultaneously demonstreated "tlocking® antivedivs. The ssrum in
gqueslion was wized with red cells containin  Hh aatigen and

incubated. 4fter a period of time, the eicess serum was revoved
and & known anti-l s glutinating serum was added., If the cells
did not clump 1t was assumed that they had been coated with an
antibtedy already present in the unknown serum,(102)(13%) The
‘blOCklﬂg” antitody an eared 1o have the ability to coat cells and
cover up antilbody receptor szites ,thus preventing the agglutinating
antitody from attaching.(1h0)

- In 1745, [Hawond and Denton showed that "blocking™ sntitody
could b made to apslvtinate red blood cells 4f all of the reagents
were prepared in 30% bovine albumin or in plasma instead of saline.
(22) Ehortly thereafter it was fornd that trypsinized red cells

were agglvtinated direcily in saline by "“locking® antibtody. The
trypsin was able to alter the cell surface in some way but did
not eflect t o« haems Iutino en loei.(8%) Lore recently Pirofsky
found that bromelin would glso alter the cell surface and cause
glutination of red blocd cells Ly "vlovking® antiboiies in

saline, (100}
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Another important method o showing blocking types of antitody
was introduced by Coowbs, Esurant sni face in 1945. Human
"rlecking® antiltodies, as previously intlcated, appesr to he
slotulin in natvre. Coonbe preduced a second antibody syainst
tris "hlocking" zlobulin by injeeting it into a rabbit. Thus
when rabbit spti-muasan slobulin was added to hauumsm red cells co ted
with "blockin® globulin, the cells a/plutinated, 7This resction is

now known as the Soombs!' test.(21)

i

ferminola*z

because 1t was quite evident that the "vlocking" antibody
was not a "complete" one, i.e, incapable of agglutinating cells
by itself, it was therefors termed "incom:lete”. It was also
assumed that the "incom:lete” antibody contained onij'one site
which co 1d conbine witi antigen and was therefore named
"univalent®., This was as opposed to the "bivalent® or "multivalent®
antibodies, wiich rosessed two combinin. sites and which would
therefore, cause Jdirect agrlutination., Since the "incowplete®
sntibody will rezct best in albumin, it has also been terred
¥albumdn® antibody.

Antilodies to the "&f and YE" blood group substances occur
normally in serum of adulis and are sometimes referred to as
matural’ antibodies. Those to the Kh antigen occur only after

immanization and are Mimmuns® astibodies,
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For the rest of this thesis the term "incomplete" will refer
to the "olocking","Mmivalent”,Yalbunin® or "immune® antibodies,

since they aprear to be one and the sawe antibody.(67)

Properties of "Incomplete" Antibodies

The discovery of antiboales or "inecomplete' verlety stirmlated

@

4

considarable interest concernin, thelr chars vt6+1zatl0n ¥iener
helioves that Yincomplete® antibodies wers smaller in molecular

size than "complete” antloodies since they pessed the placenta,

(1, (203 2iL) (1L8)

Jsing a dialysis technigue #itebsky and others were able to
separate "complete” and "incomplete? antibodies in 1748, The
"incomplete” antitody staved in the sucernatant fluid wiich
gomtained the altundin fraction and a certain arount of the

jotalin, The Ycomplete! antilody was in the precipitate which
war the globulin fraction,(1L6)

"lomplete” antitodies usuelly are affected by acid, while
“incomplele" antibouies are not.(67) Tuey will also rmuct better
at low temperatures, i.e. approximately 4°C. The "inconplete®
antibodies react equally well or better at 37, When titrations
for ”inﬂgmplﬁte“ antibodies are incubated at 37°C, 20° and 5°U
the proportions of positives at sach temperature arve »7:63:71.(25)

"Complete” sntibodles are also destroyed bty heatinyg for 5-10

minutes at tesperatures hetwsen 65 snd 70°C. The "incomplete®

antitodies appesr not 1o be se affected. The "incomplete”
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antibodies are avsorbed perferentially to red blood cells and can
be cluted easily a® opposed to the “"complete" antibodies. Ths
atove work was first done by Coonbs and lece in an effort to
charascterize "incomplete” antibody and subsewently corfirmed by

Sturgeon.(22)(128)

Other Forms of “Incom slete? thuman Antibodies

hs more and more was being learned about the varieties of
Hhh antigens and antibodles other related filelds were alsc subject
to studv. Loveless an< Uann were atle to demonstrate an unusual
antibtody in cases of allergy {o rapwecd pollen. #s 2 result of
thelr work two types of antibodies are row associated with alleray;
ther have been @e arated and charzcterized by electrophoresis.
The beta slobulin fraction is Gcncernﬁﬁ‘witﬁ sensitization and 1s
termed "rearin®. lollowing Lisuniszation a jamma globulin fraction
avpears, which is capable of blocking the activity of reapin,
Needless to say there is some overlapping of the two fractions.
It was of interest that this type of "blocking" antibody had a
lower mobility then the reagin.(16){lk) Varicus workers have
attempted to demonsirate the blockin, ity e of antibody of
loveless and Capn in vitro. loyden suggested adsorbin, antigen
on tarmic acid treated red blood cells, The coated cells wo 1d
then be agylutinated by "incomplete" or "non-vrecizitating"
antibody.{10) Variable results have been obtained by others and

in most instances the test was not successiul.(j(19)}{97){(112)
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Coorthe su ested a modification of the Loyden test, which includes
thre use of an antizlobulin serum of the t.pe discussed with the
h fraction.{20)

fuhns injected diphitheris toxoid into hurans and found that
two type antitorin sppeared, 1.) & form which precioitated
with horolosous toxin: 2.) 8 type which failed $o prsci-itate but
which waz cupslle of sensitizin, skin. T ese varieties of antitoxin
could be aseperated by starch electrovhoresis, The precipitating
fraction appesred to muve sicwly in the parma® fraction and the
nop~precizitating portion moved faster in this fraction.(7h)
Further studies sabdivided tre non-precivitating clobulir irto
sin-pensitizin  and non-shipn-sensitizing components.(75) It
sas of interest thaet an gllergic Tawil: history was associated with
the aviliity of the subject to prouce the skin sensitising
glotulin,(36)

It has been noted by several workers that antilLodies can be
‘roduced against insulin, They will react witn the dnsulin in
such & wuy that 1t no lonper 1s able to control the diabetes.
The antibody is of the "Llocking® or Yincomplete® tyve as it will
neutrziize tl e engvwlc setiva of insulin but will not precinitate

it from solution, (18){TL)(5R)

Systens of "Incomplete' Lntibodies in other ininals

v a
T

Hot all the work on "complets® anc "incomplete® antibolies

...,.;
L [

has heasn done 3in humans, M8 ipdicated ear

E

r quite & bit of work

has been done e anlusls to letermine the site of antibody
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production, In post instancesthe pnature of the antibody was not
studied, (Table 2)

Uorer was able to induece a hemap. lutinin response in mice as
a result of inoenlation of neterolozous mouse tumors, ie
dewwnétrated that twe types of antiboaies were provced, Une was
reactive in saline and the other was evident in ar environment
consisting of 50~ serum. Uorer's work was larvely concerned with
tissue transplantation in senetically defined strains of mice.
ke dié.call attentisn, tiough, to the anslopgy Letween his findings
and the Bheir system.(50)

Uther workers, Kaliss, Hoecker, Irvant, Foley, sorean and
Ureco used this antipgen-antibody svster, i.e. the ability of mice
to Lo dsoimmuni ed, in tests on the effsct of cortisone and
other Aruzs.{L5){66) Undoubtedly others heve also used this
syatemn,

Frisch and Lavies have reported work with mice usin. sheep,
ratbit and human red blood cells as antigzen. Yhev wers able to
demonstrate & marked difference in saline andalbumin titers.

They injected wice with U.5 ml of packed humen group O e cells
on davse, 1,2,3,15 snd 16, On day b, they injected C.5 ml of
cells subtcntaneously and bled the erimals from the heart 7 days
later, The titer of s2line sntibody was 10-4 :pd of altumin,
1G"7. Lfter refrigeration the tlters were of spproximately the
sare heivht. Further work on varying dose was cone. The results

arain in icated a hirher albumin then saline titer. With smaller
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doses; i,e, 0005 or 00005 ul the saline antivody was completely

nezative whila the albumin antibod - reached & minimum titer of

o

3 i v B & Fad s Aa o e % 1 i 9
1:512 after U days., with a dose of (.05 ml, 4if erences of

1:1024 (saline) to 1:131,172 (alvumin) were cbtained.{Ld)

bl s experiment were that
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injection of humen, sheep and rabiit red blood eells into Webster
mice resvlted in the appearsnce of an finconpd cte® antitod .

Ints "incomplets® artivo y conld be present in guite high titers
and wouls rot be detected by conventionsl wet! deg. &8 3 result

of this observation a tool was now available for tne detailed
study of sntibodies of the "incomplets® type,

+he purpose of this thesie is o present additional data

on those factors which might faver the production of VYeomplete!
or ¥incouplete® antibodlies in wice as follows: 1, route o)
injection o antigen: 2. dose of antigen; 3. a.e of antigenic
cell; L. number of injecti ns of antiven; 5. diet: 6. temperature;
7., strain dif‘ferences,

It wes also hoped t at the sites of "complete” and “incouwplite
he system to Le used
was that of removal of organs Trom immunized denors, mincing
toem and inject ng them into nonw-immune reeipients. Iy bleeding
the recigient sninsls the comoarstive rste of production and

release of "complete? snd %incomnlete® sntibadies econll he

deteimined., Amonie the orwans to be stndied wers svleen, liver



MATLaIAL ANL HETHODO
Anti gens

The snbigens usen were humasn wnd sneep red tloed cells., The

"

hames: eelis were oblalned from units ot whole blood in ACR solution,
given us by the lhed Uross and Clinical rathology, or blood drawn
from negbers of the departnont, using Alsicver's solution as

anticosgulent, All humaa Llood was of the tyre O Hh "IY positive,

The sheen red cells wers, frow a pool of several animals, obtained

aibine mice of vaiyiny 2 €8 were used, Unless
indicated, they were at least Iive wecks cld, fed on furinag mouse
faéd gon kept at room tesperature. Lsually groups of thres to
six anisals were used.
injeclions

Slooa for injection was washed three itimes with physiological
saline, It was then vacked for three minutes at approximutely
BDOGrpm and Hiated 112, 4 dose of 0.1 wl, i.e. the eguivalent of
G.0b nl packed oslls, was piven intraperitonsally unlise otlerwise
intdicstaed,
Rleedings

¥ouse gerum vas obtained by biseding the mice from thedr tails
1281 Tre kEloocd was collectss in silicon
coated tubes bty the former method or capillary tubes by the latter.

4

The bleod wes asllowed to clot, tubos gmun and serunm rewmeved within



twents~{iar hours.

Pilutions

A B s o

fie

MIutiong were made in physislorical saline or $% human

albunin in phyeiclosical ssaline, Serum was first diluted with
physislogdeal saline using capilisry pipettes and counting the
drops of seruw used in provortion to the drops of salirs, »Then

0.2 ml of this mixture was transferred to a tube containing 0.2 nl

of ealine or ©4 albumin and further two-fold dilutions made.

In order to trynsinize the red cells a 5% suspension of
waghed cells was incabated at 37°C with 1* trpsin for 10 wminutes,

Lfter incubation the celle were washed with physiclogicel saline

Une drop of a 2% suspensisn of either washed or trypsinized
and washsd red blood cells, was added 1o esch tube and allowed

e

to lncubete f ut least one hour at room temperature. The tubes
were then spun‘at arprodimately 3000 rpo in a2 smell international
centrifuge for approximstely two minutes. %he last dilution still
containing redadily visitle clumps of celils, sfter shaking, wes
taken as the end point and its titer used 28 the titer of the

serum, .n 21l instarces, uniess inaicated, a negative resuli
> 2 &

represents no srelotination at a titer of 1:8,
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Coompba? Tont

Ann anti-mouse globulin sera was obtaned by injecting noimal
monse sexwm inte & rabbit and abﬁor“iﬂ, the rabldit's serum with
numan red hlood cells, Uofore sddila, the sntl-mouse zlobulin sera
to the thres saline titration tubes Loyond the end poiat, the cells
ware washed with 0.5 ml vhysiological saline, &fter ad’ition of
the saline the tubes were svun at aoproximately 3000 row for 2 minutes,
the saline rewoved an? one drop of 1:100 dilutinn of anti-mouse
slobulin serom added, The tobos were then allowed to stend for a
minimun of twenty minutes bafore thay were agsin goun for two

minutes, read snd graded as indlcated vrevicusly.
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RESULTS

Titer Variations - Individual hice

In Table 3 are shown the results of a test in which mice were
immunized with the standard antigenic .ose intraperitoneally.
They were tested alter 9, 16 and 2L days. Titers from individual
mice are shown together with the averave and also the avera e
difererce, For any particular blee.ing and variety of titration
the use of three of six asnimals in a proup covld be expected to
yield similar results, Two-fold differences in titrations are
not considered to be s8i nificant, btut a four-fold difference
might well be sigmificant., It may -lso bte observed that
Mincomplete? antivody, aé.evidenéﬁd by elevated albumin and
Goombs titers, were not outstandin  in ariwale stimmlated with
a single dose of antigen,

kethod of Eleedin

Two variables were studied in Table L usirg three mice in
each group. The variables incluce bleeding ifrom the zut tail
versus from the ortital sinus and silicon coated versus non
coated tubes. In this case snirals received multi le etandard
injectivne intraperitoneally, in av eflort to obtain i.h titer
sera; ixamination of the Table reveals titers almost identical
in sach group of mice. It wo 1d appear that the source of blood
and the manner of its collectinn did not affect the result.,

Influence of (ontact with Clot

luring the course of some exreriments it was thourht the
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TAELE 3

Titration Variations - Individual Xice

HUMAN CRLLS
i b sacheirievead

Wouse  Ekleeding No., 1 Lleeding No., 2 Eleedin, Kos 3

Sal, Alb, C.T. 3—1157_&1. 1b, Cal. Bal. ALD, Gere
1 12T 7B& U565 256 512 256 12 ©is b5i2
2 6ly 128 123 127 128 128 32 64 128
3 3z 6 6L 32 32 32 6 128 6L
N 6y ©vl2 256 32 6L 32 32 32 32
5 128 512 256 122 286 128 123 256 128
6 128 128 128 256 512 256 32 128 32
7 32 128 32 6l 128 &L 6h 32 32
8 32 256 256 6y 256 6L 128 256 128
9 6L, 64 128 256 EBl2 2856 o%é 266 256
Aver, 75 227 167 135 266 135 145 188 1hh

hvo DRF. 38 138 W9 80 163 &0 112 120 10%

SHEEP CELLS
M IR S el AR

Youse Hleeding No, 1 fleedin, No, 2
Bal, AiD, Cels Bal, AiL, Gale
1 22 "o oL 32 Ti6 37
2 32 32 32 12& 32 128
3 256 128 256 256 286 256
L 26 256 256 6i; 128 6k
5 256 256 256 128 128 128
6 128 6h 128 exnired
Aver., 176 133 16k i21 110 121
iv, Dif. B0 07 90 59 70 59

The numbers 16, 32, 6L, 128, 256 and 512 represzent the reciprecal
of the greatest dilution of the original serum whlch showed a
distinct aglutination reaction, i.e. 1:16; 1:32; 1:6L: 1:128;
1:256 and l:512.

8al, - Saline titery Alb, = Albumin Titer; C.T, - Coomrs' titer.
Aver., - Avera e titer; Av. Dif, = The averaye @iffernce in titers.
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TABLE L

Method of Eleeding

Croup & Animals
Aign titer mice bled from tail into silicon coated tube:

Saline .= 32768
Albumin - 131072
Coombs - 65536

High titer mice tled from ortitzl sinus into clean capillary
tube '

Saline w 32768
Albumin ~ 131072
Coombs -~ 8834

k%

Group B Animals

Hish titer mice bled from orbital sinus into silicon coated
tube:

Saline ~ 32768
Albumin « 524288
Coombs - 2621LL

High titer mice bled from tail into clean caplillary tube:
Saline - 32768

&lbamin ~ 524288
Loomhs -~ 262144
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time of removal of mouse sera from tiie clot mi ht affect the titer.
The resulte of an experiment to test this notion are presented in
Table §. In this experiment a pooled sample of bleod from ten
rice, who had proviously received multiple injections of red blood
cells intraperitoneally, was wused., Time of contact with the clot
spoesrs to have had no influence on the suhsequﬁnﬁ albtumin and
Coombs! titers. |

Temperature an? Time

Arong the factors which were tested were effecta of temperature
and the time of incubation. The data from one experiment, in which
dilutions o a sinzle vpooled serum wers used, are presented in
Tatle 6. It can be noted that titers remain wnehanged irresvective
ol the length of time of incubation. wecondly, albvmmin titers
ap ear to be insensitive to temperature variation at 5°C, only a
two-lold reduction tein; observed. On t' e other handihe saline
titer was definitely decre sed ei it-fold by lowering the incubation
temgeréture to 5°C. ‘

In the usual exreriment one ho.r incubation was used and
tutes were kept t room terparature, i.e. 26~30°C,

Stroma and Yemo lobin

From the results as shown in Table 7 it can te seen that the
antibody response ig to the red blood cell stroma and not the
hemoglobin, The additior of hemoglobin to strome augmented the

titer, This otservation was not studied further.



TADLL &

et 3

Infinencs of Contact with Clot

Serur removed immediately after tlood clotted:

TIME SERI ¥ AT L°C BEFORL TITEATION

0 Hrs. 2l Hre. L8 Hrs. 72 Hrs, 96 Hrs.

3aline 102k 2018 102, 102k 102}
Albumin 16384 14384 1638L 65536 32768
Coombs 4096 8192 20L8 2048 . 2048

Serum remainirpg on clot for time indicated and removed just
prior to titration:

TINE SERUN O CLOT AT L°C TEFORE TITRATION

2L Bra, U8 Fre, 72 Hrs, 96 Hrs,
Saline 2048 20L8 20k 20L8
Albumin 5192 8192 32768 16364

Loombs o5 6 20hLe ho9s - LD9E

334
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Incubation

Tengersture
D it e e

CR
-l

26°C
37°C

ALBUMIN

Incutabion

Trmperature
LA 0 AL

£°C
26°C
37°C

Temperature and Time

TAELE 6

RE/DINGS WADE AFTL: IRCURATION FOR:

1 Br.

1? Hra,

2 Brs,

2% Hrs,

3 Hrs,

34

i

Ao

Bes

drs,

102k
8192
LO9E

e & B
; E"“ ¥
ol -2 TR L

1024
2192
ar92

B mag Ee e A wmppnes s
A 3 3 [
3 WADE AFTER

102l
5192
e152

102L
192
8192

1025
81v2
8192

IRCUESTICH FOR.

1024
5192
£192

1 Hr, 13 Hrs, 2 Hrs, 2% Hrs, 3 Hrs, ﬂz Brs,
Blge  Glge 3192 3192 f1a2 8192

1636L 1638L 1633k 1638k 16384 1438k

16394 1638L 163 L 1638L 16384k 1638k



&
£
]
E
P~

Stroma versus lexoglobin

ANEIROLY : PAYE ARTEL INJECTION

Saline 7 19 25 32 46 62

RRBC 6h . 32 I2 © 0

Stroma 16 8 8 64 32 0

Hempglobin G 4] 0 0 0 0

8t. and Hb, 6 16 64 128 128 22
Adbumin

REC 128 32 32 @h 16 ¢

Stroma Ah 32 16 286 32 O

Hemoglobin O ¢ & o & 0

8t. and Kb, 125 128 128 256 286 32
Coombs

HEC 6L 32 32 &4 O 0

ohroma 6 « 6. 32 128 .32 O

Hemorlobin 0 G G 0 0 0

St, and H-, 12¢ 6L 64 256 128 32

REC ~ Hed Flood Cellsy Lt, - Stroma; Hb, - Hemoglobin
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Are of Cells

Red cells do net ppear to lose their amtiganicity"on
stardin. , nor do they produce ii her altumin and Coombs' tite:s.
b8 observed in Table /, the sntigenicity of red cells was tested
poth by injecting old snd new cvells and by titering the same serum
with 0ld ang new cells,

Uose and Route

In a previous eaperiment, ¥risch and Davies had demonstrated
a significant altumin response to as little as 0,005 ml of packed
blood cells given subentaneously, This experiment w's repested
vsing intraperitoresl ond suteutz eous routes with doses varyirg
from 0.05 to 0.000%5 nl of cells. In this experiment only the
0.08 and 0.005 =1 intraveritoneal doses snd the 0,05 nl subecutsneous

ficant dif erence

el

dose stirmloted antilody rise bubt no sigm
vetweenMconplete” and "incompletc" response was noted. These

discrepancies himve not, as yet, Teen explained,

Gonsecutive Joses

In an ef ort to separste the "complete® from the Yincomolete%
anvitody another group of arnimals was glven sin le versus two,
three and fo.r consecutive stand'rd coses o' antigen intraperitoﬁeally.
Similarly this incressed dosage was not reflected in a
signi‘ican£ rise of albumin and Coombs' titers.
Diet |

The protlem of diet was approached in a crude way. For this

purpose, groups of mice were slaced on diets as shown on Table 9



Ape of Cell

3 month old cells injected
il bitered

DAYS AFTED INJECTION

L a4 2

Balsns B 32 0 3p
& Ty 8 MD WD

1 day old cells injected
and titersd

DATS AFTELR INJRECTION
¢ 1L 2%
123 li:“ “JL-“
Alb, 16 32 128
C.T. & 32 &l

37,

3 month old cells injected
and new cells titerad

DAY AJTEL INJECTION

i ih 21

32 32 32
€L 128 ¢l

or

32 32 22

1 dey old cells injected

and old eslls titered

DAYS ArTELR INJECTION

iy 21

16 16
32 32
N D

Pl &4 I inug

571, - valine ¥iter; AlL, - Alvumin Titer; C.T, - Coombs' Titer;

Hh - Hot done,
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Diet

SALINE
Dlet  DAYS AFTLI PRIMARY SECONDATY Di¥S ATEN SECONDAKY
ST IMULUS STTMULUS STIMULIY

t
ohd
g 1 f1 o4 ON e 29 [ 13 29

Brea 16 8 L 16 256 125 256
Heat 128 32 i ¥ 16 - 256 256 WD
Dog Bis.512 127 128 6L Lo96 256 512
Wee Bis 128 120 128 256 ' 2048 £12 512

ALBUNIR

Fread 3z 32 5 32 286 128 512
Nes 128 64 32 6L g2, 256 WD

Loz Bis 512 256 206 120 Loge 256 1ozl
Mse pis 12 120 12 256 Logs 2042 1024

COOMES
Bread 16 32 16 16 €12 ¥ 512
Meat 256 128 32 16 20L8 ND WD
DBog PiglO2h 286 1288 &b 8192 ¥ 1024
Kge Fis 256 512 £l2 *®is 2048 WD 102k
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for three days vefore they were immunized with the standard dose,

bled st intervals and titers obtained. £ second standard dose of

anti en was administered introveritoneally approximstely one month
later,
A4 study of tho Table reveals w» decrezve in the response to

w antigen in the animals receivisg the bre-d (low protein).
diet. 'fhis was e.pected frowm the resulis obteined by tlssler and
sssociates,(145) Bven more important was the fact that extremes
of diet did not appear to alter tha ratio of “complete" and "incomplete"
entibody as was hoped.
Tsﬁmarature

In «m affort to stimmlate a spread cetween zaline snd albumin
antibody, ariwals were placed al the followiny temperaturcs B,
26°C nG 37°C, Luvedlately after immunization, and bled a®ter L,
11 nd 1% deys. Gurprisincly, no inhibition at the cold
te&ﬁa?ﬂﬁ"'é securred nor was there an increase st the bigh +

A

tanperature., Again there was no chan e in the saline and aldbumin
retio. No atterpt was wade to measurs the actual body venmperature
of the mice., Ure can only assume that the regulatory mechanism
functioned properly. The aninsls were siressed as shown by the

Fact that over half died zt the two sxtreme temperzburen.

Inactivation of SHerum

Sera obbtained from animals, which had received multicle
standard injsctions of antigen, were inasciivated Ly heat ab

various temperatures and for various len ths of time. The
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results obtained are set forth in Table 10. KHeat does not apoear
to selectively destroy either the saline or albumin antibody.
The reduction in titer, after heating at high temperatures,
could be exnlained Ly the fact that the respective sera did
coagulate and were not easily resuspended,

| In instances where titrations were vezun with Jdilutions of
1:2, hemolysis occurred up to 1:8, This hemolysis was absent if
the serum wag first heated in such 2 way so that complement was
destroyed.
Strain

In vrevious vnreported studies of Frisch and Davies, they
had otserved no significant differvence in saline and albumin
antibndlss in various ﬁt?ains af mice, Characteristic strsinp
patﬁarns have teen olserved by others.(26)(27){(L4)(122)

Yor reasons which will be disengsed later three varietles
of Webater micre were fven the standard antigenmic dose and
titers obtained as in'icated in Table 11. Although di/ferences
in response were observed there were no changes in the “complete
%Lf.“iﬁCﬁWV}QtE“ actitody ratio smonp the three strains,

katural antibody

b

In an sttempt to exyiain Rincomplete®™ types of sntibody
2 A Al Wy

Yadt
5,

wihich are like

v to be produced under some condisions and not

others, it was su pested that the ore.ence or absence of natural

antibody for the particuler antigen might be the determinant



gﬁ?Lﬂlig
Inastivation of Serum

AT TR
H‘L\‘ I;&I‘ﬂ ot

Temperature for £ minutes Titer
£0-65°C 102
55-T0°C ’ ' 256
72=75°C 16
T5-83°C 0
Control 2048
ALEUNIN
Température for 5 winutes Titer
G5 °C , £192
65700 512
70-75°C k1 4
75-80°C ‘ 16
Control 16384
CooMRs
Tenperature for 5 mimutes Titer
Co-65°C 102h
BE-TOC 256
T0-75°C 16
TE=B0°C ' ¥

Crntrol 2048



L2,

TAELE 11

Strain Difference

SALINE
SRR Ao i B
Strain DAYS AFTEL TUJECTION

& i &g 33 ho 53 69

N1H 256 128 8 32 14 128 128

Inbred 128 128 16 128 i 6l WD
Webster 6L 128 b &4 16 L ND

ALBUMIN

RIH 512 128 8 32 32 128 128

Inbred 256 128 32 128 128 120 D
Webster 6L 12° 8 128 32 oD

COOKES
fi:] w12 2ré B8 6l 14 128 128
Inrred 128 128 16 128 6L 128 WD
] &l 15 32 N

Vehster &l 128 16

NI - Batlonal inslitate o) LHealth ori.inel webster strain
Inbred « Webater inbred strain
debster -~ Vieboter strain regular

&I ey A -
“4 -~ Bt done
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factor, In addition while naturcelly occurring hemagglutinins

for various species have Leen deseribed, ne one has specifically

searched for naturally occcurring "incomplete” antitodies with

the above points in mind.(26)(27)(Lh)(122) Testing a pooled

e
e

ster mice against a variety of red

0

serum derived from normal
blood cells gave the results shown on Table 12.

As expected, mouse sefa contained normal aaﬁibodieé?for
human, rabbit, rat and hamster, They were absent w« aiust cow,
dog, guinea pig, .osat, sheep, frog and iguana.

The sntibodies, when present)were‘demanstrated in saline

albumin but not in titers simificently diflerent. The
only exceptisn was observed with the 2lbumin antibody to
human red blood cells, which was present in titers of 1:20
or more, while the saline artitoMes were almost always absent,

Iin addition the presence or abgerce of antibody was not correlated

with AFO or W type bleod,

Transrlartation

On tuguet 1L, 1555 Dr. Frisch end by, Devies periormed an
experiwent in wirieh the liver, lungs aha s leen of seven wesk
old mice, injected wilth U 0% ml of prcked human red cells on
dely 7, 1,56, wers removed and grospa up seperabely in the
¥aring blendor with 10 sl o! physiclo.dcal saline {or two
minates, The cell suspensions were centiifuvgedc Tor three

=

minutes at aporoximately 3000 rpwm on & lerge International



TAFLE 12
A . Spp_—)

Natural Antibody

238 Sample: of Humen “locd tested 8 Samples of Halbit Flood
BALINR = 5% pasitive ) 1008 positive

1l
.1& positive 1:20 100% positive
W negetive 1:40  75% | omitive

»~
o3

-
=

RLITEIN % 13310 874 positive L."G’Tuaﬁ sositive
1:20 76f positive 1120 100% positive
1200 137 positive L:40 10F positive

COMAS - 1:10 16% nositive 1:10 100% nogitive
1:20 5% positive 1:20 100€ nomitive
1:50 2% positive 1:40  b37 rositive

o

Sagple of Hamster "lood

iV pamples of bat Blood tested

SALINE 1110 100% positive 1210 1001 positive
1320 100F nositive 1120 3008 pasitive
1140 100% vositive 1:40 iﬂ““ pogitive

= ij PB{;“"‘ toEl ; *"‘itf

ALEUMIN 1:30 2008 pogitive 1:30 100Ff nositive
1420 10CE nositive 1:20 100% cositive
Teh0 100% rositive L0 1008 wositive
120 100% nositive
121801005 nositive
At

5
i
1320 27 positive
£

COOMES 1:10 100% positive 1:10 100% positive
1120 1007 positive 1:20 1008 positive
1:0 1005 positive 1:40 100Z positive
1:80 LLE positive
12260 108 positive

25 Samalé of Cow Blood tested - all dilutions nepative
JC Samples of Uop Hlood tssted - 2ll dilutions negative
10 bahglex of Guiren Pig Ploed tested - ail dilutions ney
L Samode of Ueat Blocd tested - all diluiions nepative

b | aarplw of Sheep Ilood tested - all dilutions ne-ative
4 wapple of Frag Rlood tested - 211 dilutions re ative

1l Semple o Iyuina Elood tested - all d' lutions ne-ative

3

o

b

e
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centrifuge and resuspended in physiclogical saline., This
washing process was reueated two more times and the ctells were
then injected into gro:ps of mice in such 2z wazy that the animsls
received the equivilent, by volume of 1 whole organ, /8, 1/10,
or 1/50 of an orsen,

The results of this e:periment are shown on T ble 13, The
titration values obiaired would lesd ore to bvelieve that the
cells « ich produce slturin (incomlete) antibodies could be
sererate. from those widlch were saline antitoedy producers, i.e.
1/5 liver intraperitoneslly ard 1/50 lung cubcutaneously,
focordingly, the above enperiment was repeated.,

& total of 0.0% mwl packed sheep cells were injected into
mice on ~ay 8, 1y59, These animals received & secondary
stimlus of 0.1 ml packed sheep cells on June 10, 1959, On
vune 18, 1759 the snimals were sacrificed by decapitation and
thelr spleens removed., The spleens were placed in a Warins
tlendor for two minutes; material then collected and washed
three times with physioclogical saline, centrifusing each tirve
for ten minubes at approximstely 3000 rpm. Dilutions equivalent
to 1/10 and 1/100 srleen were made =nd injected. Titrations
vere done L, 11, 18, 25 and 32 days after tranmsplantation,

In thiz experimert antitodies were not deuonstrated in any of
the groups of animals tested.

in the second experiment the factor of primary versus

secondary stimmlization was studied., 1t had been zgsumed that



SALINE

1 Spleen
1/5 Spleen
1/10 =pleen
1/50 Spleen

1 Liver
1/5 ILiver
1/10 idver
1/50 Liver
1 iiver
1/5 liver
1/10 Liver
1/50 Liver

1 lung
1/5 Lung
1/10 Luny
1/50 Lung
1 lung
1/5 Lang
1/10 ILung
1/50 Lun

TAELE 13

August 1L, 1958 Transplantation

Hovte

lu»«;o
T, I
:{.3}0
IQ» -
2.0,
5.0,
b“:"
;;;Oﬁl

v
H i

Y ) ]
IO& *
el
8.0,
B.G.

3.6,

g
-
f s

8 B AF e,
0 £ o g g '
. e ¢ =

-

-
*

2 60 00 et b b

-

n
®
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Haves after transrlantation
N 5 12 i Ly
o G 0 128 32
4] G 1] 4] Nu
Q 32 16 £12 €12
6l o 0 c C
O O 0 0 8}
C 0 g O Q
O G O G il
0 0 0 0 O
£12 256 256 0 ML
0 G S 8 Hi
0 0 o 0 HD
o 0 O 0 NG
o 9] 0 O G
] 0 o] O U
0 O 0 0 0
O C O O O
O O 0 0 ND
O 0 0 0 ND
G 0 4} 0 256
0 0 0 G 0O
0 G O G
G 0 O 0 £12
256 2048 128 128 102k
0 D 16 3 0

L6,



TARLE 13 continued

ALEPMIR
1 8pleen 1.F. 16 16
1/8 Spleen I.P. , O O
1/10 opleen y P N 2045 32767
1/50 spleen I 098 1,2
1 Spleen 8.Cc, 0 bh
1/5 Spleen 5.0, 16 o]
1/10 spleen  u.C, 0 0
1/50 Spleen a.c, ¢ 9]
1 liver i.P, 32768 4536
1/5 Liver -1 4096 2048
11,3::’ Liver I'?t lé O
1/50 idver  I.r. 0 o
1 Iiver 8.0, 8 0
1/8 Liver 5.C. Q 0
1/10 Liver g.c, o 0
1/50 liver 3.C. 0 0
1 lung 1.p, 0 32
1/5 lung 1.5 ) o
1/10 tung I.P, 102k 6l
1/50 ung ¥, 0 Q
1 lun 3G, 16 22
1/5 Lung 5.0, o 120
- 1/10 Iung $.8, 32768 Lii7 L3304
1/50 Lung 8,0, 2048 208

I.7. - Intraperitoneal injection
3.C. ~ Bubeutanecus injection
¥D - not done

32
4]
163 4
8192
16
0
0
G

o
P A
A
o L

o O

00005: (& W Qo e R

8
32768
102}

Los6
b1
32765
1637
102
16
512
32

G

20l5
16
1e8
6l

OO0 o o

Lo96
128

256
Nu
2018
J2
0
128
0
32

ND
D
Wh

OQQO%

HD
ND
256
6l
256
B2
102k
G



the cells would colonize in the recipients and continue to produce
artibody, No attention hod been paid to ths way in which the donor
minels were injected, In the original experiment by Frisch and
Davies the donor mice h+«d received a single injection of antigen
arproximately one month previously., In tﬁa exseriment reported
atove the donor animals hod been piven 2 second antipenic stimuius
inet prior to transplantation. The significance ol more than one
snticen injection wis tested in an experiment as follows:

hnimals who received a primary injection of sheep cells on
“gy 20, 1v5E9 wers used as donors on July 23, 1759, spproxirately
two months later, Another group of these same nmice received a
gsecond antigenic stimulus of 0.1 ml packe. sheep cells on July 22,
1555, Tranaplantations from tidis group of animals were done on
July 24 ond again'on July 29, at the time of zctual trunsplentation
the animels were deca~itated ang blood specimens were collected,
The srleens were removed and washed three times with physiclogieal
saline, Irn tidis experiment the recipients were siven intact
s-lenic tissue or standard homosenized tissue as follows: a) whole

spleen, %) 1/L s leen, ¢) 1/0 srleen. The recipient animals were

]

bled 5, 12, 19 and 26 days after transnlantation,

o

The remulis of the experiment did not duplicate those
obtained by Frisch and Davies, #hs a matter of fact, antibody in
the recipients appeared only in those animals siven an intact
splesn from secondarily stimulated donors. The data obtained

from these recipients are presented in Table 1L, Antibody titer
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TLELE }}i

July 2L, 1959 and July 29, 1959 Transplantations

SALINE

L o

Youse Days after Transplantation Stimulus Days after
on day 33 ctimulus

5 12 19 26 6 13 22
1 32 ¢ O 0 128 exvired
2 & ¢ o 0 $12 128 128
3 256 6L 0 0 256 256 6L
b 128 32 8 0 512 102k 2048
Controls 51z 1024 %12
ALIUWIN
1 6y O 0 o 256 expired
2 0 O 0 0 286 12 128
3 256 16 4] 0 128 256 128
i 256 32 16 0 102h HD96 204L8
Controls 266 20L# 512
COML BS
1 6y © 0 o 256 exrired
2 o 0 O 0 512 1o2h 1:°
3 - 256 6L 0 0 286 102 64
L 128 32 16 0 Lost 102L 2048
Controls LD96 Blge 12
TH 7£SIN
1l 32 0 0 0 286 ex Ared
2 16 0 0 O £12 128 128
3 256 32 G 0 286 286 64
L 6 32 B 0 102l 20k’ 2048

o wek 102 512
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decreased so rapidly after transplantation that it was probably
‘derived from passive tronsfer. To test this hypothesis, the
recipient animals were given a dose of 0.05 nl packed sheep cells

anrroxinstely one wmonth after transplantation. The antibody

=
o)

response after this immnisation was of a primary type which

sugrests that the donor cells had not survived in the recipient
anim:is and that the original asntibody hod bteen transferred
szs;ivelf.\ Tatls 14)

In the third ex eriment the factor of excessive heatins of
the Waring blendor durin its operst on was investigatsd. In
this experiwent animsals primarily immunized a sinst sheep op
numan cells on dJaly 31, 1959 were used as donors, OUn August 21,
1969 they were decacitated, spleens removed and ground in the
Warins blendor without an lce jacket, s dons originally, and with
an ice jacket. In the former instance the temperature of the
contents was 35°C, in the latter it was 16°C, The horopenates
were treated as in the oricinal evperiment and siven to recinient
mice In varyin: doses. Nice were bled and titered after 3,7,15
and 17 days. The failvre of the cells to survive and +o rroduce
antibody did not sprear to be due to heating. In the above
experiment lﬁtlaOa was ot demonstrated in any of the blood
samples oltained fromw recipient aice.

£ review of the protocol sugzested that sn important
variatls might be the d.ration of time between rrimary stimmlus and
organ trausnlantation. .*t was felt that possibly a period of

maturation was required in order to successfully transplant cells



to recipients. This hypothesis was tested with tre fourth
experiment by rewoving spleens, lunrs and livers, 10, 20, 30,
and L0 days after orimary sztimmlation. Or-ans were homorenized
in the Waring blendor, washed with sszline and awounts eguivalent to
1/L and 1/20 ‘of an oryar were injected intraperitoneally and
satcutaneously. The animals were bled 7, 1k, 18 and 2L ds
after trangelactation, Antibo 1(5 were not demonsiratel in the
ger.m of the recipient wice,
in the fifth experiment wariation in s e ol the donor

aniwal was invertieated., For this purpose two to three, five to

ix and eight to nine we:k old nmice were injecte! with human
blood on lovember 16, 1559, Un Decenber 8, 195? they were
dac Ltitﬂjg the splesns removed and homogenized inm the Raring
blendor or minced with a kﬁifﬁ. he equivel nt of 1/4 of an organ
wes injected. The mice were bled L, 11, 18 and 25 daye after
transplantution. The age of the donor animsls did net appear
to influence the transplantatiosn since none of the recipient
animals formed antibodies,

]

In the original expuriment by Frisch and Davies the

raciy 1eﬂt rice were bellisved to have received hizh protsin do
biscults rather than the standard wouse waler, In experiment
gix tlds faclor was esumined. *wecislent aninals receiveu the

equivalent of 1/ of & minced spleen from donors with hish

antivocy titers. dJne group of reciplents was fed on hi h



protein doz biscults and another group on Furina wouse food.
fﬂirat ons were done alter L, 11, 18 and 2L days. Despite the
high entibody titer in the donor (Saline 1:5120, Albumin 1:20L80)
the reelrient wice failed to develop antibody,

for all the evpsriments done in the laboratory the mice had
been obtained from 2 supplier in Califomia. The purchase order
specifisd "Webster® mice of a certain sgs and sex, An
inquiry by mall cencerning ososszitle changes in the strezin or

n the snimals since July 7, 1958 revesled the

[N

unusuel 1linsas

Followin s  the supdier maintained thres seoarate straing of

«‘)

Mk

-y

ster mice; 1) NIM 2) Inbred 3) Rebster, Unless specifie

ke

to the contrary an order for "Webster mice® was filled bwy

£

aypnlring snivels from 221 three strains, Silnce suvccessful
transplantation studles depend upon the use of genetically
defined strains of wice the coauge of the failure thus “ecane

obvious., Ywen minor differences among strains may te resoonsible

for inahllity of transplants to survive.

The seventh trareplantation ex eriment was performed with

{’)
=
o}
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o
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each of the three varieties of donors whi

(“N
[
»
-
L)
&

-
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L4

vacked human ved blood cells on January 2, 1
were decapitated on January 28, 1960, spleens removad, minced

with a knife, washed and the egivalent of 1/L of an- organ injected
into the hormolorous recipient, Aninals were tled 4, 7, 12, 13, 32,

and 16 davs after transplantation., As shown on Table 15, sntibody
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January 28, 1760 Trensplantation

Strain Days after transplantation

4 { 12 19 Je L6
Wik } 3 16 16 & 128
Inbred 0 ¢ 0 4] o 0
Vecster o U o c U o

NIH _ j2 16 6l 128 16 256
Inbred gt c 0 ) o v

webater g 0 0 ¢ ) 0
LN T e

NIE 52 AN 14 15 red
nbred & G O 0 o 0

¥el:s LE3 ¢, o U {: 1]

NIl -« Bational lostitute of tcalth oripinsl Rebster strain
Inbred - kebster inbred strain
reboter - neboter stiadn reguler



was detectable in the NIH strain for as lovg as 46 days after
transrlantetion., Homologous transilanted cells of the Inbred
or Webster strains did not form antibody.

Additional experiments are beins conducted to determine
whether or not the orisinsl results of Frisch and Davies can

now té obbained with the NIH strain of nice.

5.
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SUMARY

The data show thal the two sorts ol antibody behave similarly
ia vitro and in vive. Tnelr separation waé not achicved by heating
the serum to various tempsratures, by sallowing serus to remain in
contact with the clot for periods of time before titrations, by
varying ivcubation temperature, except for a sli bt decrssse In
saline antibedy at 5°C. |

Yingle injections of antigen in varying doses, low and hizh

is

orotein diets, exilrenes of environmental temperatures and the

=

reclacement of intact cells by strouma alone or mixed with
hamoslobin did not slier the wncopplete ~ complete antibody
PALIG.

48 & penerel 1ule the ratio of inconplete -~ conplete
antibody increés eu sirnilicanily when animals recelved mlitiple
injections over & long period of tiae,

Lt nas Lovec that transplantation from donor toe recigients
wotld sseist din the ilsolatiom of incomplete antilbody cells.
Tiese nowever were not successiul becsuse o straln variations
whiich wers introduced at the niouse farm,

wsxperbnenis demonstreted that the antibocy of toe complete
and incov lete type is vroduced to the stroma rather then the
hemoplobin, In sdéition nomal mouse seprum wag shown to contain

g naturally occeurrin, "incorplete” antibody for huwan red ceils.



The s ecificity of tnds antibody was not related to common blood
types; it was recctive against 70% of the total cells tested in
dilutions o. 1:20.

Feooled normal mouse serumwas also shown to acglutinate
rabbit, rat and hamster cells but adcow, do ', guinea pi.,

#oat, snsep, Irog or Lrouana,

This project was suprorfed by grants fyom the Medical
fessarch Foundation of Urecon and the United States

Fablic iealth Service.
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