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INTRODUCTION

Statement of the Problem:

It has been amply demonstrated by Rowe, Hug, Forni & Pérnis (1973),
Pernis, et al., (1974) and Winchester, Fu, Hoffman, & Kunkel (1975),
that a large proportion of human peripheral blood lymphocyfes bear
IgD on their surface and may often bear IgM concommitantly. The
observation that the percentage of IgD bearing cells in chronic
lymphocytic leukemia patients is significantly elevated (Kubo;

et al.,'1974; Preudhomme, et al., 1974) and that these cells
simultaneously bear IgD and IgM isotypes with shared idiotypic
determinants (Fu, Winchester, Feizi, Walzer, & Kunkel, 1974;
Salsano, et al., 1974) has suggested that IgD may play a role

in lymphocyte differentiation. Investigations involving the

role of cell surface IgD have been limited due to the inflexibility
and ethical considerations involved with the use of the human as

a research model, and the lack of a detectable IgD homologue in

an experimental speciés ofher than primates (Neoh, et al., 1973;
Leslie & Armen, 1974; Martin, Leslie & Hindes, 1976; Martin, 1976).
Recently, however, Melcher, et al., (1974) and Abney & Parkhouse,
(1974) have detected a murine cell’surface immunoglobulin with
properties similar to human IgD (Spiegelberg, 1972). While consid-

able characterization of this isotype has continued, primary



criteria for heavy chain homology (i.e. amino acid sequence ﬁomology
orvantigenic cross reactivity) with human IgD has not been established.
For this reéson, this thesis was designed to investigate the pos-
sible existance of an antigenically cross reactive IgD homologue

in a manipulable experimental animal and to characterize its

nature and evaluate certain of its biological functions.



Human IgD
I1gD was originally defined by Rowe and Fahey, (1965,a) as an atypical

myeloma'protein and later detected in normal human sera (Rowe and
Fahey, 1965,b). The novel isotype did not react with anti-y, o or p
antisera but was reactive with anti-L chain antisera and could be
reduced to H and L chains by 2-mercaptoethanol. Two charact-
eristics of IgD has hindered its research, 1) the concentration

of IgD invnormal sera is low, averaging 30 ug/ml (Rowe & Fahey,
1965,b) and 2) it is a labile immunoglobulin whicﬁ fragments

readily during purification (Spiegelberg, 1972). The reported
molecular weight varies from 172,000 (Spiegelberg, et al., 1970)

to 200,000 (Saha, et ai., 1970), while the § chain molecular

weight has been calculated to be ™ 70,000 daltons, (Perry & Milstein,
'1970; Leslie, Clem & Rowe, 1971). Mass ratio analysis has suggested
an Hsz conformation of the intact immunoglobulin (Spiegelberg, 1972)
and the carbohydrate content is estimate& at 12% (Perry & Milstein,
1970). Concentrations of IgD in normal humaﬁ sera range from unde-
tectable to greater than 400}yg/ml and vary with age (Leslie, et al.,
1975). 1IgD has generally not been detected in body fluids dthér
than serum or cerebro-spinal fluid (Nerenberg & Prasad, 1975),
however, using a sensitive radioimmunoassay it has been quangified
in saliva and amniotic fluid (Leslie & Teramura, 1976). Since IgD
can be detected on the surface of lymphocytes (Fahey et al., 1968,
Van Boxel, et al., 1972), these observations have led to the sug-

géstion that IgD may function as a receptor for lymphocyte differ-



entiation (Vitettaland Uhr, 1975,a). This concept howéver does
not‘expléin the presence of IgD antibody actiQity In gserum directed
against penicillin (Gluick, et al., 1969), bovine gamma'globulin
(Heiner and Rose, 1970), insulin (Lertora, et al;, 1975;Devey,

et al., 1970), or measles virus, (Luster, et als, 1976). These
.antigen binding properties have all been detected by indirect
methods, probably a reflection of the low concentrations of IgD

in serum., IgD does not exhibit other biological functions such

as homocytotropic activity (bvary, 1969), classical complement
fixation (Henney, et al., 1969), or neutrophil degranulation (Henson,
et al., 1972), although it has been reported to fix Ehe later

components of complement (Konno, et al., 1975).

1gD as a cell surface Ig

As previously stated, IgD occurs as the predominant class of cell
surf#ce immunoglobulin in the human (Rowe, Hug Faulk, McCormick,
and Gerber, 1973) often in conjunction with IgM (RoWe, Hug, Forni,
& Pernis, 1973).' The average percentage of IgD bearing peripheral
blood lymphocytes has been studied by rosetting or by immuno-
fluorescence and has been found to range from less than 0.5%
(Litwin, 1972) to 6% (Peissens, et al., 1973) alﬁhough § chain

is by far the predominant heavy chain clasé on newborn lymphocytes
(Rowe, Hug, Faulk, McCormick & Gerber, 1973). These Findings,
suggestive of the importance of IgD as a receptor, imply that IgD

may be a predecessor of other surface-bound immunoglobulins, or



may be involved in differentiation of B cells to plasma celis sec-
reting these classes. The possibility of a role in differentiation
is augmented by findings of Fu, Winchester and Kunkel (1974) who
noted that chronic lymphocytic leukemias have up to 89% IgD beafing
cells and that, in some cases, up to 997 of these_cells also bear
IgM, éuggestive of a differentiative defect at or near the time

of appearance of IgD as a surface Ig. That this differentiation
pattern was occurring in the monoclonal proliferation of the leukemic
cells was confirmed by Pernis, et al., (1574) and Fu, Winchester,
Feizdl, Walzer & Kunkel, (1974) who showed that in leukemic cells
concurrently bearing IgM and IgD, both surface Ig isotypes had
similar antibody activity or idiotypic specificity, respectively.
Despite early speculation that surface IgD precursed the appearance
of other cell surface isotypes, Gupta, et al., (1976) demonstrated
u bearing cells in the human fetal liver as early as 13 weeks ges-
tational age, whereas 6 bearing cells were not apparent even at

17 weeks, implying that IgM -~ IgD cells are observed in the course
of differentiation of their surface isotypes from IgM to IgDh °
rathér than the reverse sequence. This differentiative pattern

is of interest since 1t appears to diverge from the exclusion
theory of H chain expression restriction by allowing the apparent
simultaneous synthesis of IgD and Igi, although double producing

| cells still appear to be restricted to a single L chain type (Fu,

Winchester, -& Kunkel, 1974). Numerous other studies have correlated

altered IgD bearing cell frequencies with various disease states



such as allergic contact and atopic dermacitises (Cormane, et al.,
1974), chronic lymphocytic leukemia (Kubo, et al., 1974), and malig~
nant melanoma (Malka, et al., 1974), the latter suggesting that

the increased level of IgD bearing cells in this disorder could

be due to a compensatory IgD bearing cell proliferation due to a

fall in T lymphocyte function.

Phylogeny of IgD

Neoh, et al., (1974) have assessed the plasma of 90 species of
mammals, including 24 primate species, for the presence of 1gDh
by double immunodiffusion. Their findings, furthered by Leslie
and Armen, (1974), suggested that virtually all primates had
detectable serum IgD as did certain canine species, artiodactyls
(Bighorned & Barbary sheep; gnu, cow, wild boars, etec.). Guinea

pigs, when infected with Lieshmania enriettii , also showed detec-

table IgD. The detection of non-primate humoral Igb reqﬁired the
~use of avian antisera to human myeloma IgD in accord with the
findings of Orlans and Fienétein, (1971), that antisera raised in
chickens was especially cross reactive between immunoglobulin

clésses from various mammalian species. More recently, Martin,
Leslie and Hindes (1976) have described IgD on the surféce of‘
lymphocytes from geveral non-human primate species by dimmuno-
fluorescence. In these studies, 0-28% (means 1-8%) of the peripheral

blood lymphocytes from individual animals stained with anti-

human 1gD whereas 0-35% (means 3.5-13%) stained with anti—humgn‘ IgM.



Further studies by Martin & Leslie, (1976) have iandicated that bi-
staining cells are observable in the Rhesus moﬁkey with fluorescein
labelled anti-human § and thodamine labelled anti~human u antiéera
and that the réspective receptors‘cap independently of each

other as was the case with human cord blcod lymphocjtes (Knapp,

et al., 1973).

Melcher, et al., (1974) and Abney and Parkhouse, (1974),concurrently
described ﬁhe presence of an IgDélike molecule detectable by radio-
electrophoresis on the surface of mouse lymphocyfes that is precipit-
able from a lactoperoxidase-catalyzed 1257 labelled‘muriné lympho-
cyte lysate with anti-mouse L chain antigera. This system, which
will be described in the next section, has been compared to the
human system as studied by Finkelman, et al., (1976). In this
study Guinea pig and rabbit lymphocytes were also studied and it
could not be concluded that a surface immunoglobulin similar to

the murine [gD-like molecule existed in these species, although

the finding of Jones et al., (1974), that rabbit IgA precursor
cells, while bearing immunoglobulin, do not bear IgA or 1IgM
suggests the presence of IgD in this species. Finkelman's study
also concluded that the murine 1gD candidate differed from human
IgD in that its & chains migrated considerably faster than human

¢ chains on 10% polyacrylamide-SDS gels.



Characterigtics of the Murine Candidate for IgD.

‘The mouse model for IgD described above has been extensively
defined, although to date, primary criteria for homology of
murine and human § chains has not been obtained. The murine
IgDh~1like molecule (hereafter referred to as murine IgD for fhe
sake of clarity ), is immuno-precipitable with anti-mouse L chain
antisera, but not with antisera against mouse b, 8y or o chéins
(Vitetta & Uhr 1975,b) and is susceptible to "spontaneous" pro-
teolysis, (Melcher, et al., 1974). Murine IgD appears to exist

as a tetramer of approximafely 178,000 daltons containing covalent-
ly bound H aﬁd L chains in an HypL; conformation (Melcher and Uhr,
1975), although Abney and Parkhouse (1974) have suggested that H-L
dimers may also exist. This form may be the résult, however, of

cleavage of the HZL? form. The & chain is observed primarily as

a 66,000 dalton peak or. 10% poly-acrylamide-SDS gels although one
or two additional shoulders are often apparent at 59,000 ahd
53,000 daltons, respectively (Melcher and Uhr, 1976). Membrane
bound u chain under the same conditions had an apparent ﬁolecular
weight of 74,000 daltons. This difference in mobility is opposed
to the finding, in the human, by Finkelman, et al., (1976), that
U and § chains coelectrophoresed under these conditionse Murine
IgD can be shown to be synthesized by the cells on which it resides
by stripping of the immunoglobulin from the cells with papain
followed by sﬁbsequent resynthesis of the immunoglobulin (Vitettsa

& Uhr, 1975,b). It is not detectable ontogenically untilAafter



IgM receptors are present. It is‘of intérest that thig ontogenic
emergence of both IgM and IgD receptors occurs in the absence of
intentional antigenic insult in germ-free or athymic (nu/nu)
animals (Vitetta, Melcher, McWilliams, Lamm, Phillips, Quagliata

& Uhr, 1975), implying both antigen and thymus independent develop-
ment, Using the fluorescence activated cell sorter (FACS) Scher,
Sharrow, Wistar, Asofsky, & Paul, (1976) have confirmed this develop-
mental scheme by detection of a population of cells bearing low
levels of IgM but fluorescing brightly with anti-Ig antisera.
These results suggest a continuum of IgM and IgD bearing célls
varying from those bearing only IgM to cells bearing much greater
amounts of IgD than IgM, with cells exclusively expressing IgD
comprising only a very minor percentage of lymph node or splenic

lymphocytes.

A recent series of investigations (Finkelman,vet al., 1975;

Scher, et al., 1975; and Scher, Sharrow, and Paul, 1976), has
provided evidence for an X -linked genetic defect in CBA/N mice

that results in their inability to respond to a series of

thymus independent antigens (Amébaugh, et-al., 1972). This defect
may be linked to their finding that these animals have a decreased
IgD/IgM surface immunoglobulin ratio when compared to mormal BALB/c
controls. IgD bearing cells in normal mice, are observed as cells

fluorescing with a low to intermediate intensity using the FACS
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with fluoresceinated anti-u antisera and correspond to a distinct,
mature subclass of B lymphocytes (Scher, Sharrow & Paul, 1976),

- and may be iﬁvolved in B cell memory (Strober, 1975). This
association of IgD with memory cells is furthered by Goodman, Vitetta,
Melcher and Uhr (1975) who have shown IgD only on small, but not

on large, lymphocyte populations in the spleen.

Genetic polymorphism (allotypy) of IgD has been recently described
by Goding, et al., (1976), who noted that alloantisera raised in
C57BL/6 mice against CBA, or BALB/c spleen cells, could precipitate

an IgD-like molecule from 1251 labelled donor strain splenocyte

lysates in addition to H-2 and Ia antigens. These antisera also
precipitated an Fc receptor protein from these cells, but precipitated
only H-2 antigens from donor fhqucytes. However wﬁen congenic
strain-derived spleen cells were labelled, the C57 énti—CBA anti-
gerum did not precipitate § or L chain material in the case of

B10, BR cellé or H-2 or Ia material in the case of C57°:IgF cells.
These findings suggest that true polymorphism exists among & chains
in these‘2 congenic pairs, since in this particular genetic back-
ground (C57), 8 chain can be found in llcdngenic strain (C57°1g%),
but not the other (B10,BR). Immunoglobulin depletion of the
labelled lysates removed the ¢ and L chain peaks and therefore,
since thevnon~congenic anti - spleen cell sera failed to réact

with any known murine serum immunoglobulin (IgDh is not detectable

in murine sera (Abney, Hunter, Parkhouse, 1976) ) or to cross-react
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with alloantisera to Ig-la, Ig-le, Ig-3a or Ig-4l, the alloanti-
genic determinant allele they have detected has been tentatively

termed Ig-5a.

Mouse IgD has been further defined by the preparation of an anti-
serum directed against the membrane bound immunoglobulin (Abmey,
Hunter and Parkhouse, 1976). By immunoabsorbant depletion of Fe¢
receptor and IgM from a Nonidet P40 1ySate of 1750 BALB/c spleens,
these researchers were able to isolate IgD by absorptién onto a
high capacity rabbit anti—mouse Fab immunoabsorbant. Following
emulsification of the immunoabsorbant in complete Freund's adjuvant
and injection into rabbits, an antiserum was prepared that, after
appropriate absorptions, reacted only with cell sufface murine §
chain. Use of this antiserum for indirect immunofluorescence
resulted in percentages of stained cells ranging from 10.5% in
peripheral lymph nodes to 26.8% in Peyer's patches. In conjunction
with rhodaminated anti-mouse ¢ chain staining, from 1.5% (peri-
pheral nodes) to 13.8% (spleen) of the cells were biStaining,

results reflective of human IgD bearing cells.

A final segment of this.model warranting discussion is the possible
functional heterogeneity of cell surface IgM and cell surface IgD.
Vitetta, Forman & Kettman (1975) héve proposed that célls bearing only
IgM or IgM and IgD concurrently, respond to LPS in a polyclonal

regponse with subsequent IgM secretion, whereas cells bearing IgD
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alone proliferate and undergo blastogenesis. "lgD oniy" cell
populations were generated by depletion of IgM bearing cells

with anti-y and C' and therefore cells with high IgD/IgM ratios
may have been spared due to incomplete cytotoxicity attributable
to low IgM receptor aensity. Regardless, there appears to be re-
ceptor-related functional heterogeneity with mitogenic responses
being related to the stége of B cell maturation. A later étudy

by this same group (Cambier,'et al., 1976) has shown that neonatal
spleen cells (which bear only IgM) are tolerized in vivo by

a roughly 1000 fold lower concentratioh of the tolerogen TNP17HGG
than are adult murine spleen cells (bearing both IgM and IgD).

The mechanism for this difference is not known, but is consistant
with the findings of Kearney and Lawton (1975,a & b) that LPS stimu-
lation of either fetal lymphoid tissue or adult bone marrow cells

resulted in a polyclonal response with subsequent IgM synthesis

but failed to mount a proliferative response in vitro.
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Materials and Methods

Animals. Outbred Sprague Dawley rats were selected from our
colony. Animals were randomized with regard to sex, and, with the
exception of ontogenic studies, were greéter than 60 days of age.
Donors of membrane IgD were retired breeding stock, obtained

from Sprague-Dawley Labs.

F344 (Ag-Bl); W/Fu (Ag-B2); Brown Norway (Ag-B3); Copenhagen (Ag~B4);
August (Ag-B5); and M520 (Ag-B6) rats were obtained from the
National Institutes of Health (Washing;on, D.C.) and were greater
than six moﬁths of age. All rats were maintained in groups of 2-4
on Purina Chow Pellets (Ralston Purina Co., St. Louis, Mo.) and

water ad' 1ibitum.

Media and Buffers.

1 Sephadex Buffer (Tris Buffered saline)

Stock Solution

Trizma HC1 13212, ‘g
Trizma Base 19.4 g.
Sodium Azide : 100 g
Disodium EDTA 874 g=
Distilled Hp0 q.5. 11
pH : 7

This soiution is filtered through Whatman #1 paper priof to use.
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Working Buffer

Stock solution 160 ml
NaCl 132.48 g.
Distilled HZO ' q.s. 16 1.
pH iRy

2) Phosphate Buffered Saline (PBS)

NaCl 8: 50
Na,HPO, (anhyd) 1.14 g.
VKH2P04 (anhyd) . 0.270 g.
Distilled Hy0 qedy- 1 1.
pH 7.5

3) Immuncelectrophoresis Buffer

Sodium Barbital ’ 108 g.

Sodium acetate (anhyd); 46.0 g.

0. 1N HCL 1104 ml.
Thimersol (Lilly) 2 g
Distilled H20 qg.s. 4 1
pH 8.6

This buffer was stored as a 5X stock and diluted with distilled

HZO prior to use.

4z) Immunodiffusion Buffer

Sodium Barbital 16.98 g.
NaCl 6.0 g.
Thimersol (Lilly) 100 ng.
Distilled H,0 q.s. 1 1.

pH 7.4
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be)

5)

6)

7)

8)

9

10) .
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High Salt Immunodiffusion Buffer

8.0 g. NaCl is added to 100 ml. of (4a) above

Immunodiffusion Buffer with Polyethylene Glycol (PEG)

2 g. PEG is added to 100 ml. of (4a) above

NaSCN Buffer

Prepared as 4 M. stock in Sephadex Buffer (648.5 g/l1.)

and diluted to working concentrations with Sephadex Buffer.

PBS/BSA

1% Bovine serum albumen (Fraction V) in PBS - filtered
through Whatman #1 paper

Sodium Phosphate Buffers

0.1 and 0.0l M phosphate buffers of various pH were prepared
in distilled water as recommended by Williams & Chase, (1968).

Polyacrylamide Gel Chamber Buffer

Nal, PO, -H,0 7.8 g.
NaZHPO4-7H20 28.6 g.
Sodium dodecyl sﬁlfate 2 g.
Distilled H20 , q.s. 1 L.
PH ]

Polyacrylamide Gel Sample Buffer (reducing)

0.01 M phosphate pH 7.6 with 2% (W/V) SDS and 10% (V/V)
2 - mercaptoethanol (Sigma, St. Louis, Mc.)

Polyacrylamide Gel Sample Buffer (non-reducing)

0.01 M phosphate pH 7.6 with 2% (W/V) SDS and 8 M urea.
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11) RPMI 1640 Medium

RPMI 1640 was purchased from Gibco (Grand Island, N.Y.)

Other Reagents

1) = Acrylamide Solutioms

la) 10% acrylamide monomer

Acrylamide 22 g.
Bis. 0.6 g.
Distilled H20 q.s. 100 mi.

1b) 4.25 % acrylamide monomer

Acrylamide 1046 g.
Bis. 0.276 g.
Distilled HZO q.s. 100 mi.

Acrylamide solutions were filtered through Whatman #l paper and

stored at 4 C in the dark.

Gels were photopolymerized following addition of:
22.5 ml Polyacrylamide Gel Chamber Buffer
20.25 nl Acrylamide Solution

2.25 ml (NHA)Z 820 (10 mg. /ml. in gel buffer)

0.067 ml. Temed

8

A water layer was added to the surface of gels prior to poly-

merization to minimize meniscus formation.



2)

3)

4)

5)
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Immunodiffusion‘Agar

1% agarose in immunodiffusion buffer.

Immunoelectrophoresis Agar

1% agarose in immunocelectrophoresis buffer.

Hypaque-Ficoll (Terasaki, 1970)

9.0 g. Ficoll (Sigma) was dissolved in 100 ml. distilled
water. 34 mls. of sodium metrizoate (50%) (Hypaque; Winthrop
Labs.; New York, N.Y.) were added to 16 mls. distilled water.
For use, 24 parts of 9% Ficoll were added to 10 parts of 34%
Hypaque. Reagents were prepared fresh, prior to each use.

Trypan Blue Reagent for Cell Viability Determinationms

0.05% trypan blue (Sigma) in PBS pH 7.2
Cells were diluted with an equal volume of trypan blue and
both viable (non-staining) and dead (blue) cells were

enumerated on a hemocytometer.

Preparation of human IgD. Human IgD was purified from a pool of

normal human sera (NHS) containing 305 pg/ml IgD. The globulin

fraction obtained following precipitation of the sera at 4 C with an

equal volume of saturated ammonium sulfate (aqueous) was dissolved

in 0.15M NaCl, 0.0IM Tris buffer, pH 7.4, and filtered through a

2.5 X 100 cmvSephadex G-220 column (Pharmacia Fine Chemicals, Upsalla,

Sweden). The IgD containing fractions were pooled and further

fractionated on a DEAE cellglose column (10 X 2.5 cm)
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equilibrated in 0.01 M phosphate buffer, pH 8.0. Following elution
with the starting buffer, a linear gradient with a limit bufFer
~of 0.1 M phosphate, pH 8.0, was applied. IgD eluting at a conduc-
tivity of 4,000 ﬁmhos (approx. 0.02 M phosphate) was adsorbed onto
a rabbit anti - IgD immunocadsorbent (Kermani-Arab, Burger & Leslie,
1976), and eluted with 3 M NaSCN (Stankus & Leslie, 1976). Al

‘buffers contained 0.01 M epsilon amino caproic acid. IgD from 5

pooled myeloma sera was prepared in a similar manner.

Antisera

Chicken anti-human g : Chicken anti-human § was prepared by
hyperimmunization of adult White Leghorn Hens with a pool of
specifically purified‘lgD isolated from 5 differeﬁt lgD myeloma
sera and 2 normal human sera with elevated 1gD levels. Birds were
immunized B times over a one year period with each animal receiving
a total of 5 mg. of protein in complete Freund's adjﬁvant (Difco,
Detroit, Mich.). The antiserum was extensively absorbed (10-12 t}mes)
with pooled normal human serum containing less than 4 wug/ml igD
conjugafed to Sepharose 4B (Pharmacia Fine Chemicals, Upsalla, Sweden)
and with normal Sprague-Dawley rat brain tissue (4°C for 30 min). The
specificity of the antiserum was determined by immunoelectrophoresis
against normal human or rat se}a and by immunodiffusion against purified
rat and human serum proteins in 1.5 M NaC]-agaroSe gels (Leslie & Hattier,

1974) . Specificity for & chain was also determined by a modification
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of the solld phase radioimmuncassay of Ceska & Lunkdvist, (1972),

as deve]opea by teslie and Teramura, (1976). Chicken anti-$§

was covalently coupled to filter paper discs (Munktell Paper Co.,
Grycksbo, Sweden) and the washed discs reacted with purified rat
IgM, 1gG NRS or human IgD. Following incubation fbr 2 hrs. at

37° C, the discs were washed and their ability to bind radiolabelled
chicken anti-§ assessed. An elevation of counts bound t§ the
discs was considered to indicate binding of the ligand by chicken

anti=- $ antibody.

Rabbit anti-rat IgM: Rat IgM was isolated by Sephadex G200

chromatography of specifically purified rat anti-group A streptd-
coccal carbohydrate antibodies. This procedure, as well as immuno-
ad;orbent columns ana immunization schedules, have been described
(Leslie & Clem, 1973; Stankus & Leslie, 1974). New Zealand White
rabbits (David Robb, Inc., Sheridan, Ore.) received two injections
of 1 mg. IgM in DFA, subcutaneously. Animals were bled 2 weeks
following the last injection. Antisera were adsorbed with
Sepharose immobjlized rat IgG (prepared from rat gammaglobulin by

DEAE cellulose chromatography) (Binaghi & Sarandon De Merlo, 1966).

Goat anti-rabbit gammaglobulin: Goat anti-rabbit gammaglobulin

(GaRGG) was purchased from Calbiochem (Ladolla, California (lot #

L 9933-11743)).
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Anti-chicken L chain reagents+ Goat anti-chicken L chain

(GaCL) and rabbit anti-chicken L chain (RaCL) antisera were

prepared as previously described (Leslie & Martin, 1973,b).

Briefly, Ig¥, H and L chains were separated by gel filtration in
84 urea-propionic acid followihg partial reduction of the dintact
immunpglobulin. Animals were immunized by subcutaneous injection
of the purified proteins in CFA, followed by boosting 3 weeks |

later with antigen in dincomplete Freund's adjuvant (IFA).

Rabbit anti-rat L chain: Rabbit anti-rat IgG with anti-L

chain activity was purchased from Cappel Laboratories (Downington,

Pa., Lot # 5981).

The specificity of all antisera was determined by double diffusion
in gels and by immunoelectrophoresis against whole sera and the

appropriate antigens.

Immunodiffusion Studies

High affinity chicken anti-& was reacted against sera from
various non-primate species by high salt double immunodiffusion.
To increase sensitivity, oversized serum wells were multiply
filled and polyethylene glycol was‘incorporated into the agarose.

If further enhancement was desired, serum globulins were concentrated
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ten fold by,émmonium sulfate precipitation and the analyses repeated.

IgD Radicimmunoassay:

A specifically purified pool of human myeloma IgD was labelled

with 1251 by the Chloramine T method of McConahey and Dixon, (1966),
and the specific activity determined. Labelled IgD was diluted

in PBS containing 1% BSA to minimize non-specific attachment

of the label to reaction vessels. 10,000 cpm were ‘employed: and
0.01 M geamino caproic acid was included to prevent proteolysis

of the IgD. Dilutions of anti-§ were titrated first against RaCL

to determine the optimal proportions of these reagents needed to
obtain maximum precipitation and then, maintaining this ratio,
against 10,000 cpm of labelled IgD to determine the amount neces-

125

sary to precipitate 50% of the I counts.

30 or 100 ul of the test sera were incubated with C anti-§

at'a 1/100 dilution in PBS/BSA for 1 hr. at 37 C. At this time,
10,000 cpm of labelled IgD was added and the assay reincubated for
1 hr: at 37 C. ‘After thié incubation, RaCL was added and the
reaction put at 4 C overﬁight. The precipitate was centrifuged
for 25 minutes at 4 € and 2000 g. and one half the total volume
removed and counted. The tube, containing the other half of the

supernatant plus the pellet (which was assumed to have negligible

volume) was counted similarly. The percentage of counts pre-
cipitated was determined by the formula: 100 (f§—i~§)= % precipi-

tated cpmg .in which P = one half the supernatant plus the pellet
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and S = one half the supernatant. The relative percent inhibition
was determined by dividing the percent precipitated counts from
a sample by the percent precipitated counts in a control in which

PBS/BSA was added in lieu of inhibitor, (i.e. Relative % inhibition =

% precipitated cpm (sample)

7 brecipltarsd con (eoakesT) X 100). The assay was titrated

against dilutions of a W.H.0. standard IgD serum, a pool of NHS
with a knowﬁ concentration of IgD, and a commercial IgD standard
(Meloy Labs., Springfield, Va.) to generate a standard curve to

relate 7 inhibition &o serum IgD concentration.

Cell Suspensions: Blood was obtained by cardiac puncture

into heparinized tubes and the animals were sacrificed by cervical
dislocation. Spleens were removed by laparotomy and trimmed of

fat. Thymuses were removed by careful dissection to prevent
removal of parathymic lobes. Thoracic and cervical lymph nodes
were dissected from the submandibular region and separated from
adipose tissue. Peyer's patches were excised from the small intestine.
Isolated tissues were washed in cold RPMI 1640 without serum (GIBCO,
Grand Island, N.Y.) and single cell suspensions were prepared in
RPMI 1640. Tissues were finely minced and extruded through 100
gauge stainless steel mesh. The resulting suspensions were

allowed to settle briefly to remove tissue debris and the single
cell susgpensions washed 2 times with 0.01 M phosphate buffered

saline, pH 7.2 (PBS). All manipulations were dome on ice.
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Blood and splenic lymphocytes were isolated by centrifugation over
a Hypaque-Ficoll gradient (24 parts of 9% aqueous (w/v) Ficoll
(Sigma Chem. Co., St. Louis, Mo.) to 10 parts of 34% Hypaque
(Winthrop Labs., New York, N.Y.)) at 400 g. for 25 min. at 25 C.
Cells at the plasma-gradient interface were washed 3 times with
cold PBS. Cell counts and viabilities were determined in 0.05%

trypan blue in PBS.

Cell Surface Iodination: Cell suspensions were labelled by

the lactoperoxidase technique of Marchalonis et al., (1971) as
applied by Vitetta, Bauer and Uhr (1971). 3.0 - 20.0 X 107 cells
were suspended in 0.3 ml. PBS containing 200 ug. lactoperoxidase
(Sigma Chem. Co., St. Louis, Mo.) and 1.0 mCi carrier free,
aqueous NalZSI (New England Nuclear. Corp., Boston, Mass.). 25 ul.
of 8mM H,0o (J.T. Baker Co., Philiipsburg, N.H.) was added and the
reaction incubated at room temperature for 10 minutes, during
which time 2 additional 25 pl. aliquots of 8mM HZOZ were added.
The reaction was terminated by the addition of 5 ml. cold 5mM
l-cysteine HC1l (Sigma Chem., Co., St. Louis, Mo.) in PBS. Labelled
cells were washed 4 times with cold PBS. Washed, labelled cells
were resuspended in 0.2 to 2.0 ml. 0.5% Nonidet P-40 (Shell Chem.
Co., New York, N.Y.) in PBS and allowed ‘to lyse at room tempera-
ture for 10 minutes. The nucléi and cellular debris were removed

by centrifugation at 2,500 g. for 25 min;,at 4 C.
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Co-precipitaticn of Labelled Surface Ig: Labelled cell

membrane proteins were ''sandwich" brecipitated by the addition of
12 ul'ofvchicken anti-§, rabbit aﬁti—rat L chain or rabbit anti-p
antiserum to 0.2 ml. aliquots of each lysate. Following incuba-
tion for 1 hr. at 37 C. the complexes were precipitated by the ad-
dition of.éxcess RaCl or GaRGG, respectively. In the case of re-
precipitation experiments, chicken anti-§ was precipitated with
excess GaCl to avoid iﬁferaction of the second antibodies. Fol;
lowing the addition of second antibodies, incubation was continued
at 4 C. overnight. The resulting precipitates were pelleted.

by centrifugation at 2,500 g. for 20 min. at 4 C. and washed 5
times with cold PBS. The supernatant from each wash was counted

to ensure complete removal of unbound labelled proteins.

SDS - PAGE: SDS-PAGE was carried out on radiéactive samples
in 6.5 X 100 mm glass tubes using a modification of the method
of Weber and Osborn (1969) employing 10% polyacrylamide gels. The
samples were heated to 100 C. for 3 min. in 2% SDS (w/v) and 10%
(v/v) 2-mercaptoethanol before electrophoresis, to facilitate
reduction of the complexes. Following electrophoresis for 11 hr.
at 25 ¢ the‘gels were cut into 1 mm sections with a Savant
Autogeldivider (Savant Inst., Hicksville, N.Y.). The 125¢ labelled
fractions were counted in a Beckman Biogaﬁma well-type spectrometer

(Beckman Inst., Fullerton, Calif.). The following external mole-
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cular weight markers were used: phosphorylase a, (Sigma, St. Louis,
Mo.; 94,000 daltons), bovine serum albumin,;(Miles Labs., Kankakee,
I11.; 67,000 daltons), ovalbumin (Nutritional Biochemicals, Cleve-
land, Ohio; 45,000 daltons), pepsin (Worthington Biochémicals,
Freehold, N.Y.; 35,000 daltons), and chymotrypsinogen é, (Worthing-
ton Biochemicals, Freehold, N.Y.; 25,000 daltons). After electro-
phoresis, marker gels were fixed and stained with a solution of
0.05% Coomassie brilliant blue (Sigma Chem. Co., St. Louis, Mo.)

in methanol-acetic acid-water (5:1:4) for 3 hr. and aestained in

7% acetic acid with 5% methanol.

In some studies; unreduced, 125I-labelled surface Ig was electro-
phoresed for 3 hrs. at 8 ma/gel in 5 X 70 mm glass tubes containing
4.25% polyacrylamide gels. Immune precipitates were washed as
before and dissolved by heating for 3 min. in 0.1 M phosphate buffer
pH 7.6 with 27 SDS and 8 M urea. Following electrophoresis,

samples were sliced as above and compared with the following stained
éxternal molecular weight markers: HulgG (lS0,000 daltons);
phosphorylase a (Sigma Chem. Co., St. Louis, Mo; 94,000 daltons);

and BSA (Miles Labs., Kankakee, I1l; 67,000 daltons).

Preparation of Rabbit anti-rat Membrane IgD: 24 adult Sprague

Dawley rats were sacrificed by exsanguination and the spleens and
submaxillary lymph nodes were isolated. Single cell lymphocyte

suspensions were prepared and pooled and subsequently lysed with
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7.0 ml. of 0.5% NP40 in PBS with lmM pheﬁylmethﬁrlsulfonyl

fluoride (PMSF) at 25 C. for 10 minutes. The lysate was centri-
fuged at 3,000 g. for 30 minutes at 4 C and the supernatant
absorbed twice with Sepharose immobilized, pooled normal rébbit
sera. The non-adherent material was absorbed with specifically
purified chicken anti-8 covalently coupled to Sepharose 4B.

The material eluting with 3M NaSCN was collected, dialyzed against
PBS with 0.1 M EACA and concentrated to 2.0 ml., The resulting
protein solution was centrifuged at 2500 g. for 15 minutes at 4

C and the supernatant (OD280 = 0.95) emulsified in an equal volume
of CFA. The insoluble pellet was resuspended in 1.0 ml. of PBS
and emulsified similarly. 5 Kg, New Zealand White rabbits were
injected subcutaneouély with 1.5 ml. of the pellet or supernatant
emulsion and rested 2 weeks pricr to boosting with an additional
0.5 ml. of the respective antigen. Animals were bled prior to
each injection and eleﬁen days following the booster injection.

5 mls. of each antiserum was absorbed twice each with Sepharose
immobilized pooled mormal rat sera and Sepharose immobilized rat
IgM, and reconcentrated to 5.0 mls. 1.0 ml. of the absorbed anti-
sera was further absorbed with 0.5 ml. of packed Sprague Dawley
thymocytes at 25 C. for 1 hr. then at 4 C. for 2 hrs. The absorbed
antisera was centrifuged at 1500 g. for 30 minutes aﬁ 4 C. and
tested against a labelled Sprague Dawley splenocyte lysate by

radiéelectroPhoresisy
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In Vivo Administration of Anti-§ and Anti-u: Normal

Sprague Dawley pups less than 24 hrs. of age were injected with
either rabbit anti-rat u antisera or chicken anti-§ antibody,
intraperitoneally. The concentration of anti-u antibo&y in the
rabbit antisera was assessed by reverse radial immunodiffusion
agalnst rat IgM and contained approximately 2.2 mg/ml anti-u, as
compared to standards of specifically purified rabbit anti-rat
IgM of known OD280' Eight animals of each group were injected
with each antibody preparation. 1In addition, four controls
received either normal rabbit serum, chicken IgY or PBS. Animals
were injected according to the schedule.in Table 1I.

Control animals receivéd a corresponding amount of control

antigen or PBS on the listed days.

Two days after the last injection, animals were bled, the sera
collected, and immunoglobulin levels determined by radial immuno~
diffusion. Two and nine days after the last injection, animals
of each group were selected, sacrificed byAexsanguination, the
spleens, Peyer‘é patches, and submaxillary lymph nodes were re-
moved, numbers of visible Peyer's patches determined, and repre-
sentative pleces of tissue placed in 10 mls. of formalin (10%
(v/v) formaldehyde in PBS, pH 7.4) for histological analysis.

The remainder of the spleens were minced and the recovered
lymphocytes énalyéed for cell surface IgM and IgD by radioelectro—

phoresis, -



28

TABLE I

ANTI-IG INJECTION SCHEDULE - ANTI-8 AND ANTI-u IN VIVO ADMINISTRATION

Anti-¢ Anti- u
Age of animal Mg. antib§d¥ Age of animal Mg. antibod¥
(days) injected (days) injected
1 0.5 - | L 05
2 0.5 2 0.5
3 0.5 3 045
4 " BuS 4 0.5
9 : 0.5 11' 1.1
12 0.5 18 L3,
17 0.8 27 1.1
21 ‘ 0.8 32 1.1
28 0.8 | 39 1,1
32 0.9
36 0.9
39 7
42 1.8
1) The amount of anti-§ antibody injected was determined

from the ODygp using an extinction coefficient of 1,35, Anti-u

activity was quantitated by reversed radial immunodiffusion.
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Preparation of Immunoadsorbents: Chicken anti-&, IgD

negative normal human serum, normal rat serum, normal rabbit serum,
rat IgM, and rabbit anti-human IgD immunoadsorbants were prepared
by the procedure of Cuatrecasus (1970). Briefly, Sepharose 4B

was washed witﬁ distilled H20 (~100 vol/vel seph). The washed,
packed Sepharose ( 1.5 - 2 ml/4 mg. of protein to be conjugated)
was resuspended in an equal volume of distilled water and 10 ml.

of CNBr (lg in 10 ml. distilled Hp0) &as added per 10 ml. of packed
Sepharose. The pH was maintained at 11.0 with 4N NaOH pntil stable
( 8~ 10 min.). The activated Sepharose was washed with 1 L cold,
distilled water}and.subsequently with 1L cold 0.5M NaHCO3, pH 9.0.
The washed, packed; activated Sepharose was resuspended in an equal
volume of cold O0.5M NaHCO3, pH 9.0, the protein ad&ed, and stirred
af 4C overnight. The immunoadsorbant was washed extensively

with Sephadex buffer, 3M NaSCN and finally with Sephadéx buffer

a second time. Samples were directly applied to the imhunoadsor—
bents in small glass columns and the columns washed until the
effluents had 280 mpy readings less than 0.010. Columns were then
eluted with 3M NaSCN until the absorption at 280 my decreased to
less than 0.010 and finally extensively washed with Sephadex

buffer to removed NéSCN.
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Results

Chicken Anti-& Antibody Specificity. Specifically purified

chicken anti-¢ was analyzed by double immunodiffusion and found

to be unreactive against purified human IgG and IgM as well as rat
IgG, IgM, normal rat serum, and rat saliva. Normal human sera with |
less than 10 ng/ml IgD,és determined by radial immunodiffusion
against W.H.0. standardized IgD sera controls, also failed to

react with chicken anti-§. However, normal human sera containing
305 ug/ml IgD formed a single line against the chicken antibody

in high salt agarose gels. To further assess the specificity of
the chicken anti-8§, human IgE (obtained from Dr. K. Ishizaka).

IgA, IgM and IgG myeloma sera were used to produce a poél with
elevated Ig levels and thereby allow detection df IgE by
Ouchterlony analysis. The pool contained 15.2 mg/ml IgC, 1.4 mg/ml
- IgM, 3.0 mg/ml TgA, 8438 IU/ml IgE, and 32 pg/ml IgD. Against

tﬁis pool, chicken anti-8 formed a weak band which demonstrated
non-identity when compared to bands produced by monospecific anti-
sera to fhe other 4 classes of Ig, suggesting no anti-o,8,e, or

U chain activity. Immunoelectrophoresis against IgD bearing NHS
produced a single band corresponding to IgD. To assess the binding
capabilities éf the reagent, a solid phase radiomeiric immundaséay
was ﬁsed. This assay is capable of detecting ~10 ng/ml human IgD
in serum (Leslie & Teramura, 1976). Briefly, the assay detects -

binding of IgD to insolubilized chicken anti-&8 and detection of



=8

binding is facilitated by reaction of the bound IgD with radio-
labeled chicken anti-&. When NRS, or purified raf IgG or Igﬁ

at 0.1 or 10 mg/ml were used as ligands, no binding was detected
indicating that chicken anti-§ was incapable of binding rat IgM,
IgG or other NRS components at nanogram levels and furthermore
suggested that there 1s less than 10 ng/ﬁl of IgD in the serum of
these animals. Binding was detectable, however, when human 1gh

was used as a ligand.

Immunpdiffusion Studies

To determine if IgD was present in the sera of a variety of
mammalian species, specific chicken anti-§ antiserum was reacted
with the unconcentrated sera of various species in 1.5 M NaCl
agarose gels by double immunodiffusion. Sera from amphibians
(marine toad, leopafd frog, bullfrog, snapping turtle); reptiles
{(alligator); birds (quail, chicken, pheasant,duck, goose); mammals
(rat, dog, cow, horse, Guinea pig, mouse, rabbit); marsupials
(oppossum); and primates (man, babboon, chimp, gorrilla, spider
monkey) were tested. Precipitin bands were observed only wi;h each

of the primate sera tested.

The use of oversized antigen wells, multiple fillings of these
wells, as well as 10 fold concéntration of the globulin fraction

of these sera {obtained by precipitation with half-saturated
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ammonium sulfate at 4 C.) and incorporation of 2% (w/v) poly-

ethylene glycol (PEG) into the gels failed to alter these findings.

PEG may act as a hydrophilic agent which can increase the sensitivity
of gel diffusion by competing for solvent within the gel struc~

ture and facilitate immune precipitation by reduction of the solubility
of precipitates and thereBy enhance precipitin line formation

(Lundkvist & Ceska, 1972).

IgD Radioimmunoassay

S8ince immunodiffusion studiés were negative for all readily
manipulable and economic laboratory test species, sélected sera
(some of which had been previously analyzed by immunodiffusion)
were assayed in a double antibody radioimmunoassay for IgD. This

system, which detected inhibition of 1251 labelled, pooled human

myeloma IgD-chicken anti-§ immune complex formation by unlabelled
IgD was capable of detecting human IgD at concentrations as low

as 20 ng/gl in whole seré. Since the volume of the complexes

was minute, and since complexes mediated by chicken antibody do
not form precipitates readily at physiologic salt concertrations
(Goodman, Wolfe, & Stata, 1951), a second antibody (RaCL)was added
to co-precipitate fhese complexes. Inhibition of label precipita-
tion was indicative of IgD in the test sera. Inhibition was |
exéressed as the relative percent inhibition compared to a control
assay receiving PBS/BSA in lieu of test séra. The results

obtained with 146 different sera are indicated in Table II.
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TABLE 11

RADIOIMMUNOASSAY FOR IGD IN THE SERA OF VARIOUS SPECIES.

Concentra..

2
Relative % Inhib. IgD range

Species ftested Mean Range pg/ml
Guinea Pig .

(outbred Hartley) 28 6.2 1.9-21.1 < 0.1-1.0

(strain 13) 7 5410 4,0-7.0 < 0.1-0.2
Rat : v

(Sprague-Dawley) 20 2.6 0-12.6 0~0.5
Rabbit ‘ ‘ ‘

(New Zealand White) 4 3.5 0.4-7.1 0-0.2
Mouse

(Balb/c) 5 QD 0=9.3 0-0.3
Dog 9 10.9 0.1-34.2 . 0~4.0
Goat 3 6.2 5.0-8.4 0.1-0.25
Pigeon , 2 2.3 0-4.7 0-<0. 1
Chicken g 758 (see note 1)
Snapping Turtle 2 8,2 0.8~5.7 0-0.1
Human

(Adult) 36 39.8 9.4-69.8 © 0.3-189

(cord blood) 27 22.0 8.2-61.0 0.25-56

Note: 1) 1Inhibition due to chicken serum is due to inhibition of
second antibody reaction. Therefore inhibition does not reflect
the presence of ¢ chain in chicken serum.

: e = A Z Precipitated CPM (Sample)
2) Relative % Imhibition = % Precipitated CPM (Control)x 100




=

The high average relative percent inhibition obtained with nérmal
chicken serum is probably due to nonspecific inhibition of the
éecondary precipitation of the labelled immune complexes since the
addition of NCS increases the amouﬁt of chiéken IgY in the assay
system. This would subsequently produce conditions of antigen
excess 1n the secondary precipitation reaction between chicken
anti-8 (IgY) and RaCL, resulting in decreased precipitate for-
mation and thereby inhibit label precipitation., Relative percent
inhibition values of less than 10% were considered to be insig-
nificant. Some species, notably humans (both adult and neonatal
cord sera) and dogs gave evidence of humoral IgD in this system,
although certain individual Guinea pigs and rats showed levels

of inhibition above 10%Z. The inhibition seen with these species
corresponded to 4.0, 1.0, 0.5 pg/ml IgD, for dogs, Guinea pigs,
and rats‘respectively, when compared to a standard curve generated
with human IgD of known concentration. Direct conversion of

these inhibition values to concentration must be made with
reservation since the degree of cross-reactivity of C anti-&

for dog, rat, and Guinea pig IgD with human IgD was not determined.

Anti-L chain precipitation. To ascertain which classes of

cell surface immunoglobulins were detectable on rat splenocytes by
the rad<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>