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The immunoglobuling of the rabbit belong to three major groups: IgG, IgA, and
IgM (1-3). These immunoglobulins are generally believed to be produced in plasma
cells and to be secreted or released into the humoral fluids (4-8). Immunofluorescence
studies of plasma cells indicate that a given plasma cell contains only one immuno-
globulin group at a time (9-11). In contrast, studies on the induction of lymphocyte
transformation in vitro with sheep antisera specific for IgG, IgA, and IgM indicate
that each lymphocyte contains the determinants of IgG and IgM at the same time;
with approximately one-third of the lymphocytes containing all three major immuno-
globulin groups (IgG, IgA, and IgM) at a time (12).

In addition to the three major immunoglobulin group specificities indicated above,
rabbit immunoglobulins also have antigenic specificities, that may differ from one
rabbit to another, termed allotypes (13). Rabbit immunoglobulin allotypes are ge-
netically controlled by two loci, termed “a” and “b.” Allotypes Aal, Aa2, and Aa3 are
controlled by the a locus and are located on the L chain of rabbit immunoglobulins;
allotypes Ab4, AbS, Ab6, and Ab9 are controlled by the b locus and are located on the
H chain of rabbit immunoglobulins (14-17). Other allotypic specificities have been
claimed, but only the above seven allotypic specificities have been well characterized
(18). Breeding experiments indicate that the a locus determinants segregate inde-
pendently of the b locus determinants (18). Since each locus (a or b) controls one set
of allotypes, a given rabbit may be homozygous at both loci, heterozygous at both
loci, or homozygous at one locus and heterozygous at the other. For an excellent
coverage of the current state of immunoglobulin allotypes, the reader is referred to
the recent review of Kelus and Gell (18).

The plasma cells of an allotypically beterozygous rabbit contain only one of the
two allotypic specificities supplied genetically (11, 19). This failure of expression of
one of the allotypic specificities by plasma cells has been termed “allelic exclusion.”
The preceding report in this series presented data which demonstrated that approxi-
mately twice as many lymphocytes from a homozygous (i.e. b4 b4) donor would trans-
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form when cultured in vitro with the appropriate antiallotype serum (i.e. anti-Ab4)
when compared to the lymphocytes of a heterozygous donor (i.e. b4 bS) (20). These
data were considered to be consistent with the concept of allelic exclusion as evidenced
by plasma cells.

The possibility that the control of expression of allotypes by plasma cells is
similar to that of lymphocytes may be tested further by the experimental

TABLE I
Serum Allotype Concentrations and Blast Transformation of Normal and Suppressed Rabbits
Allotype serum levels of donors*
Allotype
Normal b4 b3 Ab4-suppressed b4 bs
mg/mi mg/ml
Aal >3 >3
Ab4 1.8 0.16
AbS 2.5 2.9
Allotypic transformation in vitro
Serum added -
idine-14 idine-14
Blasts Thymidine Blasts ThymidineC
mi % counts/10 min % counts/10 min
Autologous 1/2 <1 486 <1 951
Anti-Ab4  1/4 36 1772 <1 985
1/8 21 922 2 1225
1/20 26 1640 4 1417
1/40 18 672 3 1130
Anti-AbS 1/4 2 850 17 1517
1/8 21 1007 38 1946
1/20 25 1985 26 1991
1/40 23 681 — —
* Age = 15 wk.

phenomena of allotypic suppression discovered by Dray (21, 22). In this situa-
tion the expression of the paternally supplied allotype in heterozygous offspring
may be suppressed by immunizing a homozygous doe to the allotype of a homo-
zygous buck to which she is bred. Thus, if a homozygous b5 b5 doe is immunized
against allotype Ab4 and mated to a homozygous b4 b4 buck, the resulting off-
spring will be genetically b4 b5, but the expression of the b4 allotype in these
offspring will be suppressed, i.e. only very low serum immunoglobulin levels of
Ab4 will be detectable. The purpose of the present paper is to report that a
suppression of allotypically induced lymphocyte transformation also occurs in
such allotypically suppressed rabbits. Reasons for the apparent difference in
expression of immunoglobulin group specificities by plasma cells and by lympho-
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cytes in view of the apparent similarity in expression of immunoglobulin allo-
type specificities are discussed.

Material and Methods

Rabbits: Three homozygous al al b5 bS does were immunized with Abd—Proteus vulgaris
complexes made from anti-P. vulgaris sera obtained from a homozygous al al b4 b4 rabbit
immunized with P. vulgaris (23). These three does were mated with an al al b4 b4 buck. Of
the three matings only one was productive of a viable litter, seven offspring of which survived
to make up one group of suppressed rabbits. This doe was remated to a different al al b4 b4
buck and a second litter of six was obtained. These 13 allotypically suppressed rabbits made
up the experimental group.

Six a1 al b4 b5 rabbits obtained from mating a normal a1 a1 b5 b5 doe with a normal al al
b4 b4 buck made up the control group of normal rabbits.

Serum immunoglobulin allotypes: Serum immunoglobulin allotype levels were determined
by specific hemagglutination inhibition (24). Sheep erythrocytes in Alsever’s solution were
washed, tanned (25, 26), and coated with Aal Aa2 Ab4 AbS rabbit IgG obtained by diethyl-
aminoethyl cellulose (DEAE) chromatography (27). After determination of the specific agglu-
tination titers of anti-Aal, anti-Ab4, and anti-AbS sera, a dilution of each of these antisera
that gave good agglutination was chosen for the inhibition test. The unknown serum samples
and known immunochemically pure IgG samples homozygous for Aal, Ab4, and AbS were
then separately diluted in 1:100 normal rabbit serum of allotypic specificity Aa2 Aa3 Ab6
Ab9 using the Takatsy microtiter system (28, 29). The degree of inhibition of hemagglutina-
tion by the unknown sera was compared to that of the known IgG samples and the allotypic
concentrations of the unknown sera were calculated as described previously for IgG (24).
Since this technique is extremely sensitive it is especially useful for determining the allotypic
concentrations when they are very low. At high concentrations the method is not accurate, so
that when samples gave a reading of 3 mg/ml or greater they were recorded as > 3 mg/ml.
Triplicate determinations were carried out for each serum sample.

Lymphocyte cultures: Lymphocyte suspensions were obtained from the peripheral blood of
the rabbits used and were cultured as described previously (20). The amount of blast trans-
formation was estimated both morphologically and by the amount of thymidine-'4C incorpora-
tion after 48 hr in vitro (20).

Experimental proiocol: Lymphocyte cultures were obtained from control and allotypically
suppressed rabbits from 3 to 40 wk of age at approximately 4wk intervals. These cultures were
treated with at least three, and usually five, dilutions each of anti-Ab4 and anti-AbS sera. In
some individual experiments the number of antisera dilutions tested was limited by the number
of lymphocytes obtained. To minimize dilution effect, the maximum per cent blast transforma-
tion observed with a range of dilutions of each antiallotype sera was recorded. To facilitate
evaluation of the thymidine-'4C uptake data, the counts/10 min of the control (unstimulated)
cultures were subtracted from the maximum thymidine-'¥C uptake of the stimulated cul-
tures. In a given culture experiment made from lymphocytes of one donor obtained at one
time, the maximum stimulation (counts/10 min) with anti-Ab4 was then subtracted from the
maximum stimulation with anti-AbS. A positive value indicates that for a given animal at the
time of culture the stimulation with anti-Ab5 was greater than that with anti-Ab4. A negative
value indicates greater stimulation with anti-Ab4 than with anti-AbS5.

RESULTS

The results of a typical experiment comparing the serum immunoglobulin
allotype levels, the per cent blast transformation induced in lymphocyte cul-
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tures with anti-Ab4 and anti-Ab5 sera, and the amount of thymidine-#C uptake
induced by the antisera is given in Table I. One lymphocyte and serum donor
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Fic. 3. Uptake of thymidine-1*C by allotypically stimulated normal al a1 b4 b5 lympho-
cytes. The counts/10 min for the unstimulated control was subtracted separately from the
maximum counts/10 min induced by anti-Ab5 and by anti-Ab4 sera at each test date. The
value for the Ab4 stimulation was then subtracted from the value for the AbS stimulation. A
positive value indicates that stimulation by anti-AbS3 is greater. The values shown indicate no
difference between stimulation by anti-Ab5 and by anti-Ab4.

is a normal al al b4 b5 rabbit, while the other is an Ab4-suppressed al al b4
b5 rabbit.

The serum levels of each immunoglobulin allotype tested (Aal, Ab4, and
ADbS5) and the maximum per cent blast transformation induced in lymphocyte
cultures by anti-Ab4 and anti-Ab5 dilutions for the six normal rabbits and for
the seven allotypically suppressed rabbits from the first litter are given in
graphic form in Figs. 1 and 2. The amounts of thymidine-*C incorporation
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expressed as maximum counts/10 min minus control induced by anti-Ab4
subtracted from maximum counts/10 min minus control induced by anti-Ab5
are given for the same cultures in Figs. 3 and 4. The serum allotype levelsand
maximum per cent blast transformation in cultures obtained from the second
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Fic. 4. Uptake of thymidine-1*C by allotypically stimulated Ab4-suppressed alal b4 bS
lymphocytes obtained from the first litter. A positive value indicates that stimulation by anti-
ADS is greater than that by anti-Ab4. The values shown clearly indicate that stimulation by
anti-AbS of Ab4-suppressed b4 b5 lymphocytes is always greater than stimulation by anti-Ab4.

litter of Ab4-suppressed rabbits at 4 months of age are given in Fig. 5, and at
6 months of age in Fig. 6. The thymidine-*C uptake of the cultures from the
second litter is given in Fig, 7.

1t is clear that there is marked suppression of both the Ab4 immunoglobulin
concentration in serum and the amount of lymphocyte blast transformation
induced by anti-Ab4 in cultures obtained from the al al b4 b5 rabbits whose
mothers had been immunized with Ab4. The suppression of both serum immu-
noglobulin allotype Ab4 and blast transformation induced in vitro by anti-
Ab4 appears to become less with age.
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The statistical analysis and comparisons of the four allotypic groups tested
are presented in Table II. The conclusions are (@) that lymphocyte transforma-
tion induced by anti-Ab4 sera of normal b4 b5 cells is significantly greater than
that induced by anti-Ab4 of Ab4-suppressed b4 b5 cells; (5) that the trans-
formation induced by anti-Ab4 sera is not significantly different than that in-

SERUM LEVEL PER CENT BLASTS
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Fi16. 5. Serum immunoglobulin levels and maximum per cent transformation induced by
antiallotype sera in lymphocyte cultures obtained from the second litter of Ab4-suppressed
al al b4 b5 donors at 4 months of age. Marked suppression of both the Ab4 sera levels and
transformation induced by anti-Ab4 is observed.

duced by anti-Ab5 sera when tested on normal b4 b5 cells, but that the trans-
formation induced by anti-Ab4 sera on normal b4 b5 cells is significantly less
than that induced by anti-Ab5 on Ab4-suppressed b4 b3 cells; and (¢) that the
amount of lymphocyte transformation induced by anti-Ab5 sera on normal
b4 b5 cells is significantly less than that induced by anti-AbS sera on Ab4-sup-
pressed b4 bS5 cells. Therefore, there is a compensatory increase in the ability
of Ab4-suppressed b4 b5 cells to respond to stimulation in vitro by anti-AbS
sera. In one culture obtained from an Ab4-suppressed donor the per cent of
transformed cells is greater than 60 %. The highest per cent transformation by
a given antiallotype serum in a lymphocyte culture obtained from normal
(unsuppressed) heterozygotes yet observed is 54% (31).
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DISCUSSION

The data presented in this paper may be summarized simply by stating that
the amount of transformation stimulated by antiallotype sera in lymphocyte
culturesobtained from allotypically suppressed rabbits is suppressed to a similar
extentas thegiven serum immunoglobulin allotype level (21, 22) and the number
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F16. 6. Serum immunoglobulin levels and maximum per cent transformation induced by
antiallotype sera in lymphocyte cultures obtained from the second litter of Ab4-suppressed
al al b4 b5 donors at 6 months of age. The suppression of the Ab4 sera levels and transforma-
tion induced by anti-Ab4 is less than that observed at 4 months of age.

of plasma cells that contain the immunoglobulin allotype that is suppressed
(30). This finding indicates that in allotypically suppressed rabbits the control
of immunoglobulin allotype expression in lymphocytes is similar to that in
plasma cells.

The lymphocytes (20) and the plasma cells (11, 19) of the normal allotypically
heterozygous rabbit appear to contain only one of the two possible allotypic
specificities supplied genetically. This conclusion was first made in regard to
plasma cells following the results of specific fluorescent antibody studies which
demonstrated that the plasma cells of a heterozygous rabbit contained either
one or the other allotype specificity supplied by the two alleles at a given locus
but not both (11, 19). This phenomenon was termed ‘“alleleic exclusion.” The
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observation that approximately twice as many lymphocytes from a homozygous
rabbit will transform when stimulated with the appropriate antiallotype serum
as compared to lymphocytes from a heterozygous rabbit is consistent with
the concept of allelic exclusion by the lymphocyte (20). In addition, stimulation

T I l
< 5> 4
< +2000 - —
: * 3
< ® o
3 ® ®
z L
= + 1000 |- —
P °
3 ®

® ®

=z
=
=)
~
2
Z —1000 |- —
2
o
(&)
=
=]
=
X —2000 |- -
=

] 1 |

2 4 6

AGE OF DONOR (MONTHS)

Fic. 7. Uptake of thymidine-1%C by allotypically stimulated Ab4-suppressed al al b4 b3
lymphocytes obtained from the second litter of suppressed rabbits at 4 and 6 months of age. A
positive values indicates that stimulation by AbS3 is greater than that by anti-Ab4.

of heterozygous lymphocytes with mixtures of antiallotype sera directed to-
wards both of the allotypic specificities present results in approximately twice as
many transformed cells as the addition of only one of the appropriate antiallo-
type sera (31). This is also consistent with the concept that a given lymphocyte
of a heterozygote may carry only one of the two allotypic specificities supplied
genetically. The observation that mixtures of antiallotype sera directed toward
the two specificities present in double homozygous donors (for example al al
b4 b4 lymphocyte cultures to which are added mixtures of anti-Ab1 and anti-
Ab4 sera) also cause a doubling of the amount of blast transformation must
have a different explanation (31, 32).
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However, whereas the control of expression of allotypic specificity may be
similar in lymphocytes and in plasma cells, the expression of immunoglobulin
class specificity (IgG, IgA, IgM) appears to be different. A given lymphocyte
may contain as many as three different immunoglobulin classes (at least by

TABLE II
Statistical Analysis of Lymphocyte Transformation of Four Culture Groups
Maximum 9%, blasts
Cult i i
e celt doncr Simulating | Namber
Mean =SEM
1. Normal b4 bS anti-Ab4 35 18.05 1.65
2. Normal b4 bS5 anti-AbS 35 15.48 1.48
3. Ab4-suppressed b4 b5 anti-Ab4 56 5.53 0.44
4. Ab4-suppressed b4 b5 anti-AbS 56 23.50 1.44
Comparison of statistics
Groups compared SEDM P by ¢ test
1vs. 2 1.16* 0.005§
1vs. 3 7.31% <0.001%
1vs. 4 2.41% <0.001
2vs. 4 3.80% <0.001
2vs. 3 6.42% <0.001
3vs. 4 11.89% <0.001

sEM, standard error of the mean; sSEpM, standard error of the difference of the mean.
* Not significant.

} Highly significant.

§ Probably not significant.

lymphocyte transformation data, 12, 33) whereas a given plasma cell contains
only one immunoglobulin class of molecules at a time (9-11).

There are at least three possible explanations for this difference in content of
immunoglobulin classes between lymphocytes and plasma cells in view of the
similar content of allotypic specificities. (@) The sensitivity of lymphocyte trans-
formation by anti-immunoglobulin sera may be much greater than that of the
fluorescent antibody technique used for immunoglobulin identification in
plasma cells. Therefore, the difference between lymphocytes and plasma cells
in regard to immunoglobulin class content may only be quantitative. (5) The
control of allotypic expression may be the same for lymphocytes and for plasma
cells, but the control of immunoglobulin class expression may be different. Thus,
each lymphocyte of a heterozygote may be able to produce only one allotypic
specificity, but may be able to produce all three immunoglobulin class specifici-
ties; while each plasma cell may be able to produce only one allotypic specificity
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and only one immunoglobulin class specificity. The plasma cell would then be
more differentiated or at least more limited in the variety of its immunoglobulin
production. (¢) The control of production of allotypic specificities and immuno-
globulin class specificities by lymphocytes and by plasma cells may be the same,
but the control of release or secretion may be different. Thus, both the lympho-
cyte and the plasma cell may be able to manufacture all of the major immuno-
globulin classes, but only one class at a time. If the plasma cell rapidly secretes
its immunoglobulins, it may be impossible to detect more than one given im-
munoglobulin class in a plasma cell at a time. All of the first class synthesized
may be released before significant amounts of the second class are present. On
the other hand, if the lymphocyte does not release or secrete a major portion of
its immunoglobulins, detectable ammounts of one class may remain attached to
or within the cell when conversion to synthesis of another class occurs. Thus,
the plasma cell produces immunoglobulins for secretion; the lymphocyte pro-
duces immunobloulins for individual local use. This concept was elaborated
further in the preceding paper of this series (20). The prolonged attachment of
synthesized immunoglobulin to the lymphocyte provides a convenient explana-
tion for the long-lived immunological specificity of these cells (34, 35).

The mechanism of the suppression of allotypic expression in lymphocytes
and in plasma cells is unknown. Immunization of the mother to an allotypic
specificity contributed by the father (21, 22) or passive injections of the appro-
priate antiallotype serum to the paternally contributed allotype into a newborn
heterozygous rabbit (36-38) result in a prolonged suppression of the appearance
of the given allotypic specificity. Such a suppression might occur either on a
cellular or subcellular level. At least four possible mechanisms may play a role
in allotypic suppression: () death of the cells destined to produce the sup-
pressed specificity (39), (8) a failure of proliferation of cells producing the sup-
pressed allotype (21), (¢) a repression of the production of immunoglobulin
molecules containing the suppressed allotype with compensatory production of
another class of immunoglobulin molecules by the affected cells (38, 40), or (d) a
repression of production of the part of the immunoglobulin molecule bearing
the allotypic antigenic specificity with retention of production of other immuno-
globulin antigenic specificities. At the present time, it is impossible to select one
mechanism from these alternatives.

SUMMARY

The number of lymphocytes transformed in vitro by antiallotype sera in
cultures obtained from allotypically suppressed rabbits is significantly less than
that induced in cultures from normal rabbits. There is a compensatory increase
in the amount of transformation induced by antiallotype sera directed toward
the unsuppressed allotype. Thus the control of allotypic expression is suppressed
rabbits appears to be the same for lymphocytes and for plasma cells.
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