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INTRODUCTION

‘Immunization of animals with a foreign antigen usually results in
a heterogeneous type of antibody response in which antibodies detectable
by precipitation methods and those not detectable in this manner are
produced, The fracfion which is undetectable by precipitation methods
may be found in supernatant fluids after the precipitating antibodiles
have been removed. Nonprecipitating antibedies are detected by various
mathods for assaying primary antigen binding.

Most of the previous studies of nonprecipitating antibodies have
used a heterologous antigen for immunization., The primary criticism
that can be made against this approach is that the nonpreciplitabllity
may be a function of the antigen instead of a unique characteristic of
the antibody, If the animal responds preferentially to a determinant
site that occurs only once on the surface of the antigen, there would be
a significant amount of antibody that could not form the lattice structure
required for precipitation,

The present investigation was undertaken to determine whether
nonprecipltating antibodies would be detected as an aniigen system in
which the carrier proteins were made multivalent with respect to a single
determinant (hapten) and were used such that only anti-hapten antibodies
would be assayed., Other objectives of the study were to work out a
satisfactory set of procedures to detect the presence of the nonprecipi-
tating antibody, to purify the specific anti-hapien antibody. and to do

gsome preliminary characterization of the nonprecipitating antibody.



LITERATURE REVIEW

mam needs to be a clarification of the terms n‘onp.recipitating
antibody, blocking antibody (found in allergic situations), enhancing
antibody, and anti-cytotoxic blocking factor. The reason that this needs
to be done is that the llterature in this area is full of confusing terms.
In thls study, as well as others looking at nonallergie situations, the
term "nonprecipitating antibodieg" refers to those antibodies which will
specifically bind to their homologous antigen but which will not precipi-
tate the antigen in the zone of equivalence, as does precipltating antlbedy.

The term "blocking antlbody,” used in allergen studies, refers to
that antibody which renders the allergen unreactive to the sensitlzing
antibody and therefore confers some immunity to the individual., Cooke et al.
(6), originally described the presence of a substance in the serum of rag-
weed hay fever patients treated with pollen injections that would prevent
the interaction of the allergen and the sensitizing antibody. This
substance was called "blocking” because of the inhibition of the inter-
action of allergen and sensitizing antibody. The serum sctivity against
ragweed pollen was transferable from clinically immune treated patients
to untreated patients. Another study using normal skin injected with
allergen-antibody mixtures showed that a rapld reaction (1 hour) occurred
if the source of antibody in the mixtures was serum of untreated hay fever
patients. However, there was no reaction or only a slight reaction when
the serum of treated hayfever patients was used. It was shown that this
"blocking antibody™ did not exert its inhibitory actions by anti-histamine
effeets and that the inhibition was specific, i.,e., anti-ragweed pollen

blocking antibody present in the serum from treated ragweed hayfever
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patients inhiblited the reaction of ragweed pollen aqd its sensitizing
antiﬁody. Cooke and others (7) have shown by electrophorefic methods
that the bulk of the blocking antibody migrates‘with the gamma globulins.
More recently, Starr and Weinstock (40) have shown that the cir&ulating
levels of blocking antibodies may be correlated with the degree of pro-
tection given the allergic patient under treatment,

The possibillty of the existence of enhancing antibodles, those
responsible for increasing the likellhood of tumors to survive and grow
in & patient, was described as early as 1932, At that time Casey (%)
reported that 1f suspensions of preserved tumors from rabbits that had
died wlth Brown-Pearce rabbit tumors were injected into rabbit reciplents,
followed in 2 weeks by an injection of fresh tumor cells, the recipients
showed a marked enhancement of tumor growth. This enhanced growth subse-
quently led to the death of many of the rabbits. As clearly pointed out
by Medawar (28), the blological mechanism operating in immunological
enhancement is different from those of acquired tolerance or immunological
paralysis. The exact mechanism for immunological enhancement is not fully
understood but much work has been done in attempting to elucidate this
mechanism. In his excellent review of the literature, Kaliss (19) has
highlighted the important aspects of the phenomenon of enhancement as
known in 1958, The term "immunological enhancement" (21) was defined as
successfully establishing a tumor homograft which subsequently grows,
usually to the demise of the recipient, as a result of contact between
the tumor and the specific antiserum of the recipisnt. 1In his review (19),
Kaliss reported that there was a positive correlation between the hemagglu~
tinin titer of an anti-tumor serum and its enhancing capaclty, He suggested

that the hemagglutinin (H-2) and the “enhancing" antibody were the same



molety in an anti-tumor serum since both the agglutinating and enhanecing
pr0perjies were lessened ﬁy successive absorptions of the serum yith red
blood cells‘(of inbred strain indigenous to the tumor tested) and completely
aliminated after absorption with the tumor tissue, At tha£ time there were
two hypotheses for a blocking mechanism to expléin enhancement, One
hypothesis, proposed by Medawar and his coworkers (2), was based on a .
distinction in mice between transplantation antigens (which can provoke
resistance) and hemagglutinogens (which can evoke circulating antibodies).
The two antigens were considered to both be in tissues slnce they were
assumed to be coded for by the same histocompatablility genes. Medawar

et al, (2) postulated that the tumor specific transplantation antigens were
inactivated during the preparation of the tumor tissue inltially injected
into the reecipient, leaving the hemagglutinogen present to evoke a humoral
antibody rasfonse, presumably of enhancing antibody. The other hypothesis
was proposed by Snell (39)., He contended that the tumor homograft was
fixed (walled off) by humoral antibodies, thereby keeping the tumor cells
with their antigens from getting to the draining lymph nodes, the immuno-
logically reactive centers of the reclipient., In a later study by Kallss
(20) considering the possible mechanisms of enhancement, he suggested a
revision of his former definition of the term enhancement. The suggested
revision was “the successful establishment or prolonged survival (conversely,
the delayed rejection) of an allogeneic graft." The necessity of antiserum
against the graft being present in the reciplent was stressed. The host
must also be immunized against the graft (tumor or normal tissue)., Immuni=-
zation may be accomplished either passively (by injecting antiserum against
the tissue into the reciplent) or actively (by grafting some of the tissue

onto the recipient before the test graft). If the active immunization



method 1s used, sufficient time must elapse between initial graft and test
graft to pfevent a "second set" rejection (accelerated rejection of a
second graft), In his study of strain A tumor Sarcoma I in mice, Kaliss
(20) econcluied that at least three things were of importance in the mechanism
of enhancement, The first of these was that there was a qualitative change
in the type of host cells operation against a first or second set graft,
The second was that‘presence or absence of vascularization of the graft

was a contributing determinant in enhancement development., The third was
that there was a combining of action between humoral antibody and host
cells that might result in either enhancement or in graft destruction. 1In
their three studies on the subject of enhancing antibedy, Zimmerman and
Feldman (46, 47, and 48) reported their studies using normal skin grafts

in rats, They passively immunlzed neonatal Lewis rats (given enhancing
antisera made in adult Lewis rats after grafting skin and injecting spleen
cells of the same strain of rats that the test grafts were to be from) at
the same time they have test grafts, They found that the viability of the
skin grafts was significantly prolonged. They also found that the enhancing
property of the antiserum resided in the IgG fraction and that it was
specifically effective for the grafts of the immunizing strain (46). The
second of their studies (47) showed that the enhancing activity may be not
totally specific but that there can be a degree of cross-reactivity beiween
two strains of rat donor skin grafts. Although there was some Cross-
reactivity, there was better enhancing ability of each serum used with its
homologous skin graft. In the third report (48) they showed that skin
grafts of rats dipped in the appropriate enhancing antiserum were kept
longer than undipped grafts. This was interpreted to mean that enhancing

antibodies were actlve peripherally in the skin graft or its draining lymph



node, No direct evidence was obtained for binding of enhancing antibodieé
to the homograft. However, in a later study by Jonés. Peter, and Feldman
(1?), specific bihding of enhancing antibodies t; target skin grafts within
two days was observed by using 1251 radlolabelled enhancing antibodlies.
Recently much attention has been focused on the blocking of cytotoxic
effects of immune lymphocytes mediaied by a humoral product. Takasugl and
Klein (41) used enhancing mouse antiserum to study the possible bloéking
mechanisms involved in in vivo and in vitro tumor enhancement. They
employed the microassay for cell-medlated immunity to evaluate immune
lyphocytic cytotoxicity agalinst target cells, They found that two types
of bléck geem to be operating during enhancement. One of thg blocks
involves protection of target tumor cells from immune cells by antibody.
A block earlier than that involved after the production of the above pro-
tecting antibodies was indicated when they examined the lymph node and
spleen cells of those animals injected with antiserum as well as tumor cells.
They found that those lymphoid tissues showed weaker immunity than did the
lymphoid tissues of those animals given only tumor cells. They also
observed that the IgGl and IgG2 fractions of the enhancing antiserum were
active both during in vivo enhancement of the tumor and during in vitro
blocking of the lymphocytic cytotoxicity toward the tumor cells. Studying
induced mouse sarcomas, Sjogren, et al. (36) found that the sera of those
mice with progressively growing tumors could block the cytotoxic affects of
lymphocytes that were specifically immune for the type of neoplasm that
the mouse hai., The blocking activity could be absorbed from the sera using
the respective tumor cells and could be eluted from these cells at low
pH (3.1). A low (less than 105 daltons) and a high (greater than 107 daltons)

molecular weight fraction could be obtained from the eluates. Neither of the



sbove fractions by themselves could inhibit cytotoxicity although a 1:1 ratio
of sach fraction could inhibit following incubation with t#rgat cells before
adding immune lymphocytes. Their study alaso indicated that the low molecu=
lar weight fraction and the 1l:1 mixture of both fractions, bui.not the high
molecular welght fraction, could block if mixed with immune lymphocytes
prior to adding them to target cells., It was postulated that the blocking
factor seen in these mouse sera was an antibody-antigen complex which could
bind to target cells and/or react with lymphocytes immune to their antigens,
The latter possibility was thought to be temporary., Sjogren and Borum (35)
found, in their study of rats with polyoma and Rous sarcomas, that blocking
activity against the cytotoxic effects of lymphocytes specifically immune

to the antigens of the respective tumor was present in sera from the majority
of those animals with tumors, Those rats thai did not develop primary

tumors had no detectable blocking activity in their sera, In 1972 Sjogren
and coworkers (3?) reported that “blocking factors" could be eluted from
human tumor tissues at pH 3.1. These results parallel those reported earlier
in the mouse tumor studies (36). Again both a high and a low molecular
weight fraction were separated from the eluate, Neither fraction could

cause blocking by itself, but a 1:1 ratio was effective. Blocking also
resulted when the tumor cells were first exposed to the high molecular
weight fraction and then to the low molecular weight fraction, The reversed
sequence resulted in no blocking. An interesting ramification of these
studies is the report by Levy et al. (24). They studied the blocking
activity of the serum of a patlent with melanoma, who, durlng the course

of treatment, was given an injection of Bacillus Calmette-Guerin (BCG).

His lymphocytes showed cytotoxicity for the autogenous tumor cells both

pbefore and after the injection of BCG. Although the pre-injectlon serum



showed no blocking activlity, the post-injection seruﬁ showed activiﬁy.
This blocking activity was seen in assoclation with clinical deterloration,
It was emphasized that this one study should not contraindicate the use of
BCG in all tumor therapy but that it does indicate that there may be =ome
deletrious effects, |

Although nonprecipitating antibodies have been observed in several
species, they were flrst observed by Heidelberger and Kendall (15) in
1935 while they were expanding thelr previous wérk on the quantlitative
precipitin test., They used crystalline egg albumin as the antigen to
inject rabbits, They observed that the antlbodies made to the egg albumin
were not homogeneous but contained both precipitating antibodies and some
antibodies that would not precipitate with antigen by themselves but would
coprecipltate with the precipitating type of antiﬁodies. These nonpreci-
pltating antibodies appeared to be in the sera of the rabbits even after
prolonged immunization, |

In 1949, Kabat and Benacerraf (18) showed that nonprecipitating
rabbit anti-ovalbumin antibodies were just as effective per unit weight
as the heterogeneous anti-ovalbumin antlbodies present in the whole serum
| in producing passive anaphylactic sensitization in guinea pigs. In this
study the precipitating antibodies were removed by serially absorbing the
antiserum with antigen. The nonprecipitating antibodies were found in the
supernatant after the serial absorption. The amount of nonpreclpitaiing
antibody was quantitated by adding calibrated amounts of antiserum and
antigen to the supernatant to make the nonprecipitating antibodies
coprecipitates, The passive sensitization of the gulnea pigs was done by
injeeting dilutions of antiserum intravenously which contained known amounts

of nonpreclpitating antibody. Two days later the guinea plgs were injected



intravenously with ovalbumin and the degree of anaphylactic reaction was
ragorded. They postulateﬁ that the nonpreéipitating antibodles seen could
be univalent and still cause the observed anaphyiactic activity if they
were present in sufficient quantity,

Nonprecipitating antibodies that were made in rabblts injected sub-
cutaneously with elther bovine serum albumin (BSA) or human serum albumin
(HSA) emulsified in complete Freund's adjuvant were studied by Feinberg (10)
in 1958, He used a modification of the quantitative precipitin test, using
radioactively iodinated BSA (or HSA) as the antigen, to test the precipi-
tating capacity of the antiserum, He found that there was an appreciable
amount of iodinated antigen that remained in the supernatant in the zone of
antibody excess with some of the sera tested. Up to 95% of the icdinated
antigen in the supernatant was precipitated by sheep anti-rabbit globulin
antiserum, To show that this was due to specific antibody bound to the
jodinated antigen and precipitated by the anti-globulin antiserum, some of
the iodinated antigen in the supernatant was mixed with rabbit anti-egg
albumin and precipitated by the sheep anti-rabbit globulin antiserum. This
resulted in the precipitation of less than 3% of the lodinated antigen.
Paper electrophoresis was used to monito: the supernatant after precipltation

131

of unlabelled rabbii anti~human serum albumin with I-HSA in the zone of

antibody excess. The major radioactive peak mlgrated as a gamma globulin,

1311-HSA and that the nonprecipi-

suggesting that antibody was bound to the
tating antibody was a slowly migrating gamma globulin which had its mobllity
slightly increased by being bound to the faster migrating HSA. Another
group of rabbits, injected with alum precipitated antigen, produced a
negligible amount of nonprecipitating antibody. The time of appearance of

the nonpreclpitating antibody for those rabblts injected with antigen



10

enulsified Freund's édjuvant was B8-16 weeks, with the highest a.mount; being
at 12 weeks., These nonprecipitating antibodies were not thought to bea the
coprecipitating type. ;bha.t were described by Heicielberger (15) bvecause
there was no decrease in nonprecipitated label 1f preclpitation was done
at the zone of equivalence instead of in antibody excess.

Figset (12) in 1962 found that rabbit nonprecipitating antibodies
against egg albumin and bovine plasma albumin were not active agglutinins
és assayed by the tannic acid hemagglutination technique. The separation
of precipitating and nonprecipitating antibodies was done by serial
absorption of the antisera with small amounts of antigen and was conslidered
to be complete when a negative ring test resulted. Agglutination occurred
with just the supernatants obtained by the above absorption technigue and
also occurred after the nonprecipitating antibodies had been coprecipitated,
Therefore, an agglutinin, separate from the nonprecipitating antibody was
thought to be the active agent in demonstrating agglutination. In contrast
to the findings of Feinberg (10), Fiset (12) showed that nonprecipitating
antibodies could be made by rabbits injected with alum precipitated antigen.
However, nonpreciplitating antibodies were not detected in those rabblts
injected with soluble antlgen, G5She also observed that nonprecipltating
antibodies'uere able to delay but not inhibit the combination between the
homologous antigen and the preciplitating antibody. |
| Anti-azo benzene sulphonate precipitating and nonprecipitating
antibodles were stulied by Carter and Harris (3) in 1967, The nonpreci~
pitating antibodies were obtained by serlally aﬁsorbing the rabblit sera
with supernatants onto a solid immunoadsorbent. They found that the
nonprecipitating antibodles had a greater electrophorestlc mobility than

the precipitating antibodies. The precipltating antibodies were identified
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as IgG molecules and the nonprecipitating antibodies were thought to be
IgA molecules, They thought that there were more negativo‘ionizable
gfoupa on the nonprecipitating antibodies becaus‘e of the greater electro-
phoretic mobllity of the nonprecipitating antibodies as compared to the
precipitating antibodies, They postulated that this higher negative
charge could be an important cause of nonprecipitation,

Characterization of nonprecipitating antibodies in antiserum from
rabbits injected intravenously with soluble BSA or HSA was reported by
Christian (5) in 1970. A few of the rabblts had no demonstrable preci-~
pitins in their sera, yet had antigen binding activity, as assayed by the
Farr technique, In characterization studies done to compare precipltating
with nonpreclipitating antibodies, the two types of antibodies were similar
in their electrophoretic mobilities and in thelr DEAE Sephadex chroma-
tography properties. These nonprecipitating antlbodies demonstrated a
reaction with the respective antigen in the hemagglutination technique
(coprecipitation was not done to see if the activity remained in the
supernatant as the results of Fiset (12) indicated), and were active in
passive cutaneous anaphylaxis and complement fixation (they were actually
nore efficient at complement fixation than the same concentration of
precipitating antibodies). One possible explanation for the observed
nonprecipitability of these antibodies, given by Heldelberger and Kendall
(15), was that more precipitating activity may be seen later in the course
of immunization with complex antigens (such as BSA or HSA) because antibody
with specificity toward more of the determinants on the complex molecules
was made later, Christian's (5) hypothesis was that a number of the rabbits
were partially tolerant to the determinants on the multideterminant antigen

(BSA or HSA) and subsequently recognized and gave an antibody response to
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only a few of them, too few to give the complex lattice structure reéuired
for precipitation. |

The properties of nonprecipitating.antibodi;s were also studied by
Margni and Bineghi (27) in 1972, They immunized rabbits iﬁtramuscularly
with injections of either egg albumin (EA) or dinitrophenyl bovine serum
albumin (DHP-BS#) enulsified in complete Freund's adjuvant, Sera were
collected on day 70 and analyzed for precipitating and nonprecipitating
antibodies, The precipitating antibodies were removed from the antlsera
by serlally absorbing it with antigen, The nonprecipltating antibodies
remalning in the supernatant after complete absorption were specifically
removed by applying the supernatants to columns of either polymerized EA
or polymerized DNP-BSA, washing the columns, and subsequently eluting the
antibody from them. Precipitating and nonprecipitating antibody were then
tested for activity in the passive hemagglutination test and in the passive
cuteneous anaphylaxis (PCA) reaction. They were both reactive, but the
precipitating antibedy was significantly more effective. Both types of
antibody were tested for ability to produce reverse Arthus reactions and
to fix complement but only the precipltating antibody accomplished those
two immunological functions (in céntrast to the report of Christian (35)
in which nonprecipitating antibodies were sald to have fixed complement).
Immunoslectrophoresis showed no differences between nonpreclipitating and
precipitating antibody, regardless of their specifiecity (anti-EA or anti-
DNP-BSA). HNo preciplitin ares were obtained in an Ouchterlony test by
using the specific antigen and its homologous nonprecipitating antibody
(as would be expected for an antibody that did not precipitate). The
molecular size of IgG and the nonprecipitating antibedles was deemed ito be

similar by passing a mixture of IgG and radiolabelled nonprecipltating
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antibodies through Sephadex G-200, These authors stated that their findings
were compatable with the idea of nonprecipitation being due to a particular
configuration of the molec.ule ‘whit':h prevents one antibody molecule from
binding two different antigen molecules simultaneously,

Nonprecipitating antibodies have also been described in the dog.
Patterson and his assoclates (30), in 1964, studied canine precipitating
and nonprecipitating antibodies. They injected dogs every 2 weeks with
BSA emulsified in complete Freund's adjuvant. They analyzed the sera by
the quantitative isotope precipitin technique and found incomplete precipi-
tation of the iodinated antigen in the zone of antibody excess, Icdinated
antigen present in the supernatants of the precipitin test was precipltated
with 50% saturated ammonium sulfate, thus showing that the iodinated antligen
was in the form of soluble a_ntigen-antibody cbmplexes. Two of the dogs
showed high hemagglutination titers but gave negative precipitation reactions,
Their sera did, however, contain antibody which specifically bound antigen,
as assayed by the Farr technique. The nonprecipitating antibodies showed
inhibition of precipitation reaction between preclpitating antibody and
BSA in the zone of antibody excess following incubation of the nonprecipi-
tating antibodies with the antigen ‘prior to the addition of the preclplitating
antibedy. The nonprecipitating antiserum was electrophoresed on starch
block and the segments that were considered to have migrated as gamma,
beta-2, and beta-l globullns were eluted, Increasing amounts of labelled
BSA were added to the eluates and the binding activity was assayed by the
Farr technique., Although this type of electrophoresis did not result in a
completely purified protein, the majority-of the nonprecipitating antibody
migrated as a beta-2 globulln, rather than a gamma globulln,

Further work on the canine nonprecipitatling antibodies was reported by
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Patterson, et al. (31). The immﬁnization was done as before. They found
by autoradiographic analysis that nénpieqipitating serum showed a single
precipitin are, migrating faster than the slow gﬁmmé globulin, whereas the
precipitating serum showed two arecs, one located as in the nonprecipitating
serum and the other at the place of the slowest migrating gamma globulin,
Experiments to measure the retention of immune complexes showed that when
nonprecipitating serum was used after initial injection of the iodinated
BSA, there was an initial retention of the. antigen in the animal (retained
for 24 hours in a 6-day study) followed by an elimination of the antigen
from eirculation. The nonprecipltating antibodles gave negative results
for passively sensitizing a gulnea plg for systemic or cutaneous anaphy-
laxis or for the Arthus reaction. |

Grant and his assoclates (14) in 1972 reported the amino acid sequences
of the 18 amine acids located on the carboxy-terminal and of the canine
IgGd. This immunoglobulin subeclass migrates more cathodally than other
canine IgG's and does not precipitate multideterminant antigens., They
found this canine immunoglobulin to be related to other IgG's but found
no sharing of unique sequence between it and equine IgG(T) (a subclass of
nonprecipitating antibodies in the horse). |

Johnson and Renfer (16) later showed the presence of two inter-
heavy disulfide bonds located between the Fd fragments of specifically
purified IgGd antibodies to the DNP hapten., They proposed that these
two disulfids bonds might cause a functional univalency of this subclass
of immunoglobulins due to restriecting the rotational freedom in the area
of the binding sites of the antibody molecule when it comes into contact
with large multivalent antigens.

Nonprecipitating antibodies have also been described in the horse.
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Pappenheimer, in 1940 {29), described the presence of soluble antigen-
antibody complexes in the serum of a horse during the early stages of
immunization with recrystallized hen egg.alhumin; The hypothesis of
univalency of the antibody molscule was thought to account for the fallure
of precipitation, He proposed the same idea as Heidelberger (15) that
more “divalent” antibody was made later in the response to account for
the precipitation seen later in the response,

Antibodies, present in the serum of a horse immunized with HSA, that
would not precipitate but which would cause inhibitlon of precipitation
by the precipitating antibody and antigen were observed by Gitlin et al.
in 19%9 (13). Theée antibodies appeared early in the course of immunization,

Some properties of a purified equine nonprecipitating antibody made
against the hapten p-azophenyl-B-lactoslde (Lac) were reported in 1964 by
Klinman, Rockey, and Karush (23). The horse was immunized repeatedly over
a period of 3 months with KIH-Lac and its serum was analyzed for specifie
antibodies with HSA-Lac as the antigen, to insure that only anti-<hapten
antibodies were being studied, The serum showed no precipitating capacity
after 90 days of the immunizatlion schedule, Purification of this serum
for the specific anti-hapten antibodies was accomplished by precipitating
the serum with KIH-Lac and specifically extracting the copreciplitated
anti-Lac antibodies with 0,5 M lactose in 0,15 M NaCl at 379C, The nonpre-
cipitating antibodies were found to be dlvalent with a high antigen
affinity, thus demonstrating that nonprecipitation was not due to low
affinity or univalency.

The presence of disulfide bonds, located similarly to those of the
nonprecipitating IgGd canine antibodies, in the equine nonprecipitating

antiboedy 1zG(T) seemed to suggest that a similar mechanism for failure of



