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were able to interact synergistically with bone marrow. The appearance of the synergistic cell in the
immunized spleen followed that of the memory cell population. It was concluded that the size of the
antigen reactive cell population of the spleen could be.- altered by immunization, exposure to
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ABSTRACT

The spleen-bone marrow cell interaction phenomenon was studied
in three strains of mice, using various experimental parameters.
Lethally irradiated mice were reconstituted with either spleen, thymus,
bone marrow, or combinations of these cell suspensions and immunized
with sheep erythrocytes or bovine gamma globulin. The immune response
was measured by Jerne plagque spleen assay or immune elimination.

The immune response in spleen or bone marrow reconstituted
animals was dependent upon two cell interactions taking place. However,
low doses of spleen and bone marrow alone were not able to immediately
reconstitute an animal%s’immune pétential.

Spleen . dilutions from normal SPF mice could not interact
synergistically with bone marrow, but could interact with normal thymus
cells. Spleen dilutions from immune mice or older conventionalized
mice were able to interact synergistically with bone marrow. The
appearance of the synergistic cell in the immunized spléen followed
that of the meémory cell population. It was concluded that the size of
the antigen reactive cell population of the spleen could be: altered
by immunization, exposure to cross-reacting antigens and/or aging of
the animal. . :




INTRODUCTICN

The role of lymphoid cells in the development and main-
tenance of an animal's immunological competence has been well docu~
mented during the last two decades. However, data which reveal the
complexity of the mechanism of antibody'formation at the cellular
level have only recently been provided. There has béen evidence
sugéesting thét cell-cell interactions are involved in the development
of an immune response (16; 21, 11, 12). Fishman (11) was fifst to
show that macrophages, which had ingested bacteriophages, produced an
RNA species that could induce neutralizing antibody formation in
non:‘:i.ﬁlmune.lymphocytes° Ford, Gowans, and McCullagh (12) showed-that
peritonial macrophages, wﬂich had ingested sheep erythrocjfes (SRBC)9
could induce sbecific antibody formation by culturing them with
thoracic duct lymphocytes. |

In 1966, Clamen, Chapéron9 and Triplett (4) presented more
direct eviaeﬁce for the involVemeht of two cell types in antibody -
préauction0 They showed that when the immune potential of lethally
irradiated mice was reconstituted with beth thymus and bone marrow
cells, the cellular response to SRBC, as measured by foci of anti-
body production in the spleen, was several folé greater thdn the
response which would have been expected had the reconstituting effect

of thymus and marrow cells been only additive° The results clearly
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showed that a sznefgistic interaction between the two cell populations
had taken place. This phenomenon of thymus-bone marrow syner;ism has
since been confirmed repeatedly with SRBC as antigen (10,21) and also
with protein antigens (3,31).

With the -development of the Mishell-Dutton technique for im-
munizdtion of dissociated spleen cells in vitro (24)9.it was soon
discovered that three cell types were involved in the in vitro res-
ponse to SRBC: a glass-adherent cell, now thought to be the

macrophage, and two nonadherent celld (25). The adherent cell was

found to be necessary for an.iﬂ.ziizg‘primary response to SRBC. How-
ever, this cell is present and functional in the lethally-irradiated
animals used in in vivo studies of cell interaction. The exact rple
of the adherent cell is presently being debated.

" The functions of the nonadhérenf cells'have been more suc-

Eessfully investigated. By use of F. hybrids and anti-H2 iéoantisera9

1
it ﬁas been demonstrated that the bone marrow cell or:cells:derived
from the marrow produce antibody (8, 22, 30). These are the plaque
forming cells (PFC) of the Jerne hemolysis-in-gel assay for antibody-
producing cells and are also the cells resﬁonsible'for the different
classes of antibodies produced during the immuﬁe response (7).

The other nonadherent cell, the thymocyte or a cell derived

from the thymus, has now been termed the antigen reactive cell (ARC).
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It has been shown (21, 29) that this cell proliferates after contact
with the antigen and then interacts with gntigen and a percursor of
the PFC (P-PFC) to cause differentiation of the P-PFC into the PFC.

By statistical analysis, it has been shown (29) that after the initial
contact witﬁ antigen, the ARC undergoes 6 to 10 cell divisions, |
producing 80 to 800 progeny ARC, each of which is able to interact
with approximately 150 PFC. These figures, which depict a mushrooming
of the PFC population as the result of antiéen contact with only one
ARC; help to explain the magnitude of the response obtained after the
synergigtic interaction between these fwo cell populations.

Cell-cell interactions can be most profitably studied by use
of thymus and bone marrow, which contain relatively pure popqlations
of the ARC and P-PFC, respecfivelya The premium effect, shown by
Celada (2), or the dilution effect, as it is called by Talmage and
co-workers (30), and studies by Mosier aﬁd Coppleson (25) indicate
that cell interactions can also take place between two lymphoid cells
in the spleen, namely, a thymus-éerived ARC and a bone marrow-derived
P-PFC. These investigators showed that the respohse to antigen was
a nonlinear function of the spleen cell dose given to lethally-
irradiated anumals or in ig_xiﬁgg culture with antigen. A 50 fold
increase iﬁ the munber of spleen.cells given was accompanied by a

2500 fold increaseiarthe.response of the irradiated animal.(26).
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Talmage and co-workers furthermore demonstrafed that a subfraction
of unprimed spleen gave no response alone; but could give a
synergistic response to SRBC if given with bone marrow (26).

On the other had, Clamen and co—wofkers (5) did not detect
any enhancement of the immune respbnse‘of spleen cells by bone
marrow. Radovich (27) also reports that spleen-bone marrow synergism
does not occur in ali strains of mice tested.

In our laboratory, preliminary experiments wére run in
attempt to show spleén cell—mgrrow cell synergism in order that it
might later be applied to the study oflimmunologic tolerance. A
synergistic effect could not be shown. The experiments which_
followed, and that are reported below; sought to determine the
cause for the discrepancies between reports in the literature on

spleen-bone marrow cell interactions.




MATERIALS AND METHODS

Mice. Young adult C57Bl (H-Zb)y Balb/C (H-Ed), and LAFl/J
(C57L/J x A/HeJ) inbred mice, 6 to 12 weeks old, were used in the

experiments. Specific pathogen free (SPF) C57Bl and Balb/C stock

breeders were obtained from Dr. J. J. Trentin, Baylor University Medi;

cal School, Houston, Texas, in 1968, and have since been maintained
by brotheg-sister matings under SPF conditions. LAFl/J mice were
obtaiﬁed at the age of 6 weeks from R. B. Jackson Memorial
Laboratorieé9 Bar Harbor, Maine, and were housed in the SPF animal

quartefé updn arrival. All cages,; watering bottles, and San-i-cell

\

bedding were autoclaved before use. Mice received Wayne Sterilizable

- Lab Chow or Autoclavable Puyina Laboratory Chow 5010, which had been
sterilized, and acidified~chlorinatedvwater (20) ad libitum. All
mice remained in the SPF animal quarters until removal for experi-

mental use.

Antigens. Sheep (SRBC) and horse (HRBC) blood in Alsever's
solutidn were obtained from Colorado Serum Co., Denver, Colorado,
and washed three times in sterile 0.85% NaCl (saline) before use in
immunization, serum titrations, or Jerne plaque assay.
Lyophilized.bovine‘gamma globulip (BGG, Cohn Ffaction iV) wag
obfained from Immunology; Inc, Glyn Ellyn, Illinois., The BGG wés
dissolved in saline and used for immunization either in an aggregated

form, prepared by heating for 20 min at 70 G9 or as an emu151on
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consisting of equal volumes of Freund's Complete Adjuvant (FCA, Difco,
Detroit) and BGG solution. BGG solutions used for isotopic labeling
or to induce tolerance (soluble BGG) were freed of aggregated mole-
cules by cenmtrifuging at 40,000 x @ for 30 min in a Spinco Model L
refrigerated ultracentrifuge with an SW25.,1 rotor.

BGG solutions were quantitated by optical density analysis at

280 nm in a Beckman DB Spectrophotometer.. The E was found to be

‘ 0.1%
1.040 in 0.05M sodium phosphate buffer, pH 7.0, using a solution
whose concentration was determined by micro-Kjeldahl nitrogen

analysis.

Irradiation. Mice were given 900 rad whole body gamma
irradiation using Co-60 Teletherapy units with the following dose
rates: 162 R/min at the University of Nébraska Medical Center,
Omaha,, Nebréska9 by Dr. E. 0. Jones; 74 R/min at Lincoln General
Hospital? Linceln, Nebraska, by Dr. John McGreer, Jr.; 72 fad/hin at
St. James Hospital, Butte, Montana, by Drs. L. C. -Brewton and L.
Hammer. Twelvelmice were held fast in a round perforatéd plexiglass
cage (H&H Plastics, Lincoln, Nebraska), designed for irradiation
yarposes. This cage was positioned in a 19 x 19 cm irradiation field;
60 cm below the source, on top of a turntable (SieckmanvConsto Co.,
Lincoln, Nebraska). In order to achieve uniform irradiation of all

animals, the mice were rotated at 2rpm during irradiation. Maximum
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backscatter conditions were produced by placing a five-inch thickness
of masonite under the cage on the turntable. The mice were heid in
the cage only for the duration of the irradiation time, which varied
between 5 and 15 min, depending upon the source used.

-In several experiments a Model M Cs-137 Gammator (M3L-1-1074,
Radiation Machinery Corporation, Parsippanyﬂ Illineis) was used. The
mice were ifradiated individually at a rate of i9512/'ii1in°

The type of source used in any particular experiment will be

recorded within the experimental procedure.

Preparation of Reconstituting éell Suspensionsg Donor and
recipignt mice were'generélly pre=bled, and when possible, were
selected from mice showing no natural SRBC hemagglutinins.

Doan spleens were removed aseptically, placed in Hank's
balanced salt selution (HBSS, Grand Island Biological Co., - Grand
Island, No Y.), teased apart with forceps, and pipetted gently with
a Pasture pipette to produce a single-cell suspension. Large
particies were allowed to settle out and the superﬁate was brought
up to 15 miﬁ quantitated with a hemacytometer, centrifuged at 500 x G
in the cold for 10 min, and resuspended in fresh HBSS to the proper
cell cﬁncentrati@ns

Bone marrow was obtained from femurs and tibias of donor mice.

Bones were removed and cleaned of tissue. The marrow was removed by




8

cutting off the epiphyses and injecting HBSS into the marrow cavity ‘

thereby forcing the marrow out of the other end of the bone. A

single cell suspension was produced by pipetting gently with a Pas-

ture pipette. Large particles were allowed to settle out and the
supernate was quantitated with a hemacytdmeter9 centrifuged in
the cold at 500 x G for 5 min, and resuspendediin fresh HBSS to the
proper céll concentration.

Thymus cell suspensions were prepared by mashing the thymus
in HBSS against a fine mesh wire screen with the flat end of a glass
syringe plunger. Further processing was the same as that for bone

marrow.

Reconstitution of Irradiated Mice. Mice were generally

recenstituted at 5 hrs after irradiation. Cell suspensions were
mixed and injected intravenously (IV) in a lateral tail vein. In
cases of immunization to SRBC or HRBC, the antigen was mixed with
and injected with the cell suspension. When BGG was used for
immunization, the aggregated form was given intraperitoneally (IP)
after reconstitution of the mouse. Experimental mice were main-
tained on sterile feed and acidified-chlorinated water ad libitum.
Mice to be assayed by immune elimination were started on 0.1% KI in

tap water at the time of reconstitution.

Jerne Plague Assay. Spleens were assayed for antibody
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producing cells. by thé me#hod of Jerne and Nordin (17). Spleens were
removed aseptically, and placed in cold Eagle's minimal essential
medium, Hank's base (MEM, Grand Island Biological cao), After the
spleen was teased apart with forceps; cell aggregates were further
broken down by gently pipetting with a Pasture pipette. Coarse
material was allowed to settle out in a centrifuge tube, and the
supernate was removed and plated immediatly thereafter. Either 0.l
or Ooalml of the resulting cell suspension or a 1:10 dilution of the
suspension was added to an overlay agar mixture at 47°C@ The over-
lay was composed of 1 ml of 1% agarose (L'Industrie Biolegique
Frangaise S. A.), 1 ml of 2x MEM, and 0.9% NaCl. The overlay was
spread.iﬁ a plastic petri dish;9 which contained a base agar 1éyer
composed of 10 ml of 1l.4% Ionagar, No. 2 (Oxoid, Colab Laboratories)
in HBSS, to which SOO)ug of DEAE=dextran was added per ml of media
after autoclaving. Both the overlay and the base agar solutions
were filtered after sterilization and adjustment to pH 7 with 7.5%
NaH003° Double distilled water was used for all solutionso

: The plates were incubated a£ 37°C in a humidified 5% 002~95%
air inéubator for 3 hrs. Development of plagues was accomplished
by addition of 1.5 ml of 1:10 guinea pig complement (Difco9 Detroit,
or Colorado Serum Co., Denver) and incubation at 3700 for 1 hr.

Plaques were counted under a dissecting microscope at 100x magni-
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fication. Spleen cell suspensions were quantitated with a hemacyto-
meter.

Assay of Immunity to BGG by Immune Elimination: Preparation

of Labled Protein. The Chloramine T method of McConahéy and Dixon

(19) was used to lable BGG with 1311o Todine-131l was obtained as

Na131

I, biochemical grade, in carrier-free form from Mallinckrodt
Nuclear. Chloramine T, 200}ug in 0.05 ml sodium phoséhate buffer,
pH 7.0 (Bastman Organic Chemicals) was injected into a small

stoppered vaccine bottle containing 200 pg soluﬁle BGG in O.4 ml -

1311 in 0.1 ml buffer. The vial was gently

buffer and 200)uC Na
agitated on crushed ice for 10 min. Then 0.05 ml (400 )ug) sodium -
meta-bisulfite (Fisher Scientific Co.) was added with a syringe to
stop tpe reaction and to reduce any femaining Chloramine T and free
iodineo. The BGG'was separafed from the salts on a 0,9 x 15 cm Sep~
hadex G-50 (superfine) column (15). The column had been pfewashed
with nonlabled BGG and phosphate buffer. Ten«dfoP fractions were
collected and assayed for radioactiﬁity with a Nuclear Chicago
Scintillation Counter-Analyzer Computer (Model 132A) in a well—type‘
sodium iodide crystal‘Scintillation Detector (Model DS5)., Active
fractions at the. void volume were pooled, and the protein content
was assayed by optical density at 280 nm. The poqled fractions were

diluted to a concentration of lOQ)ug protein N/ml. The labled

protein was generally used immediately.
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Immune Elimination. Each mouse, which had previously been
1351

maintained on 0.1% KI in tap water, was given 10 mg ~~ I-BGG (approx.
0@7‘pc) IV, Whole body counts were taken immédiately and at various
times thereafter. The mouse was held in a small cup, which was
placed éirectly on t&p of the Nal crystal detector. At least 6400
counts were taken to give values with no more than 3% error. Back-
round activity was measﬁfed with the empty mouse holder in place.
Correctioﬁ‘ for daily variation in machine efficiency and for decay
of isotope still present in the animal was made.by counting a stan=-
dard, consisting of a stoppered test tube containing a solution of
Nalle° Correction for counting efficiency was_necess?ry9 due to
fluctuations in line voltage. Results are expressedias the per-
centage of initial activity remaining in the animal at a certain

time after injection of the labled material. For sample calcu-

lations, see the appendix.

Serum Titrations. Sera were titrated using a microtitrator

system (CookeEngineering Cooy Alexandria, Va.). Twenty-five)ul of
serum was diluted in two-fold dilutions, 1:2 to 1:4096, in modified
barbital buffer (1). Theﬁ 25}ul of 0.5% SRBC in 1% normal, absorbed,
heat inactivated mouse serum in buffer was added. Hemagglutinin
assays were incubated at room temperature for 1 hr and thenover-

night at 4%, Hemolysin assays were held 10 min at room temperature
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before adding 25 nl of a 1:20 dilution of guinea pig complement in
F .

buffer. Incubation for 1 hr at 37°C and overnight at 4°¢c completed

the hemolysin assay.




RESULTS

AIfradiation and Hematopoietic Reconstitution. A preliminary

experiment was conducted to test the effectiveness of irradiation and
reconstitution of the strain of mice to be used in these studies.
C57Bl femaie micg were given either 600 or 900 rad whole body irradi-~
ation at the University of Nebraska Medicai Center. Syngeneic bone
marrow was administered to several of the irradiated mice either IV or
IP. All mice receiving 600 rads survived and showed ﬁery little weight
loss (Table I). A dose of 900 rad proved lethal for nontreated mice.
The time of death indicated that it was due to'hematopoietic failure
and not damage of the intestial tract. Death could be prevénted by
reconstitution with 2 x 1@7'syngeneic bone marrow cells. Either route
of injection proved satisfaectory fer this number of bone marrow cells.

A dose of 900 rad was used in subseguent experiments.

Assay of Immunity to HEG ﬁy Immune Elimination. In antici-~

pation of studying cell interactions involving a soluble protein anti-~

gen, preliminary experiments were run to determine the practicality of

131

using immune elimination of I-BGG as an assay for immunity to BGG.

A. Immune and Nonimmune iﬂliminaf.iono The average elimination
pattern of 8 normal C57Bl mice is shown in Fig. 1 by curve A. The 10
pg >11-BAG given IV was eliminated with a half-life of 3.2 days in
the linear portion of the curve.

Curve B represents the average of three mice which had been




TABLE I, The Effect of Irradiation and Hematopoietic Reconstitution

Time of Death

Eﬁ;;gr ?223) Treatmenta gziyZWelggzég?s) Due to Radiation
(days)
y b
5 900 BM IV 1759 15:3 9
4 900 BM IV 1552 15,6
5 900 BM IP 7S 15.8
6 900 BM IV E7:.9 1500
7 900 none 19.4 17.6 11
8 900 none 6.3 1335 9
10 900 none 18.8 145 10
11 900 none 13,5 - 4
;] 600 BM IV 1753 1853
2 600 BM IV 18,9 18.9
3 600 BM IV 16.4 16355
4 600 none 22,5 22,2
5 600 none 222 21,6
6 600 none 6.1 153

7
BM = 2 x 10 syngeneic bone marrow cells

Post-irradiation

4T




Log % INITIAL ACTIVITY REMAINING

2+

| 2 3 4 5 6 7
DAYS AFTER |-BGG INJECTION

Figure 1. Immune and nonimmunEBElimination of 131I-BGG. Curve
A represents the elimination of 10 jig I-BGG given IV iglday 0 to 8
normal C57Bl mice. Curve B shows immune elimination of I-BGG by 3
mice previously immunized 23 days before with 8 mg BGG in FCA subcu-
taneously. Verticle bars represent the range of individual curves.
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immunized 23 days before with 8 mg of BGG in FCA subcutaneously. A
rapid elimination of 60% of the injected protein was most probably due
to circulating antibody. qut of the remaining protein was then eli-
minated with a half-life of 0.88 days, which reflects upon the actual
rate of synthésis of antibody in the animal. The remaining 3% was
eliminated 'slowly with a rate almost-appreacﬁing natural biologic
décéyo This poffion of the curve may represent (i) elimination of

1311 renutélized»by the animal in its own metabolism, (ii) elimination

of 131

I-BGG molecules which have acquired a certain foreignness due to
denaturation during the labeling process, or (iii) antigen-antibody

aggregates of labled BGG in the tissues of the animal.

B. Correct Assay Time. The purpose of the following

experiment was to determine the Barliest time in the immune response
at which immune elimination could ‘be‘detected° Adﬁlt C57B1 femalé
mice were immunized with 2 mg BGG in FCA subcutaneously. Three con~
trol mice reéceived saline-FCA subcutaneously. On days 6, 8, 10, 12,
and 14 several mice were given tracer doses of labléd BGG. Controls
received labled ﬁGG on day 6. The results of this experiment are
shown in Figs;'zland 3. The 6 day immune mice did not show immune
elimination until one day after injection of laBeled BGG. All groups
assayed bejond déy ©” showed immediate immune elimination, the rate of

which incréased with time after immunization. It was congluded, that

mice in subsequent experiments could be assayed at least 7 days

I 1)
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Control

6 DAY IMMUNE

8 DAY IMMUNE

| 2 3 4 ] 6

DAYS AFTER '3I-BGG INJECTION
Figure 2. Assay for immune elimination at various times

during the immune response. Figs. 2 and 3 show elimination patterns
of groups of mice given 10 }151 11.B3G at 6, 8, 10, 12, and 1k days
after immunization with 2 mg BGG in FCA subcutaneously. Three con-
trols received saline-FCA. All other groups consisted of 2 adult
female C57Bl.
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10 DAY IMMUNE

12 DAY IMMUNE

INITIAL ACTIVITY REMAINING

Log %

14 DAY IMMUNE

| 2 3 4 5 6

DAYS AFTER '*I-BGG INJECTION
Figure 3. Assay for immune elimination at various times
during the immune response.
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post-immunization.

C. ' Tolerance Induction. Adult C57Bl mice were given 2.5 mg

soluble BGG IP and 10 days later challenged with 8 mg of BGG in FCA

subcutaneously. 131

I-BGG was given 12 days later. Fig. 4 displays
the results of this tolerance inducing regimen. The animéls appeared
partially toleraint, showing an average elimination half-life of 1.19
days.

Fig. 5 shows a half-life of 2.75 days for BGG in adult G57B1
which had been made tolerant by injection of SO‘pg of soluble BGG IP

onée each week after birth for 8 weeks. The mice were challenged with

1 mg of BGG in FCA at 10 weeks and given the tracer BGG 20 days later.

. Time of Recovery of Immune Responsiveness After Irradiation and

Reconstitution With Bone Marrow. Preliminary to running experiments
involving,gell transplantations and eeli interactions, it was thought
necessary to determine the time at which bone marrow alone could fully
reconstituté th;;immune potential of a lethally irradiated animal.
Bone marrow has been shown to contain precursor cells for all types of
cells invoived in the immune response. Since in later experiments we’
wished to repopu}ate the animal with only the P-PFC (precursor of
Pplaque forﬁing cell) by'gi#ing bone marrow, it was important to know
the lengfh-of the latent peried preéeding the appearance of the ARC

(antigen reactive cell) being derived from the bone marrow cell pre-
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Figure 4. Tolerance induction in C57Bl adults. Adult C57Bl
were given 2.5 mg soluble BGG IP and 10 days later challenged with
8 mg BGG in FCA. Solid lines represent individual elimination curves.
Broken lines show nonimmune nontreated controls and immune controls.
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Figure 5. Tolerance induction in adult C57Bl which had been
treated with soluble BGG at birth. The solid line represents the
average elimination curve of four C57Bl mice challenged with 1 mg of
BGG in FCA 20 days before giving 10 pg labled BGG. The mice had been
given BO‘Pg soluble BGG IP once every week for 8 weeks after birth.
Superimposed on the graph are immune and nonimmune elimination
curves. The vertical bars represent the range of individual curves.
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cursors, which pasé through the %hymusa

Adult female C57Bl mice were given 900 rad whole body irradi-
ation at Lincoln General Hospital and reconstituted the same day with
2.65 x 107 syngeneic bone marrow cells. Immediately, and at weekly
intervals thereafter, subgroups were immunized with 1 xllO8 SRBC IP.
Mice were bled from the retro-orbital sinus at days 7 and 14 after
immunization. Inaividual seralwere titrated for hemolysins and
hemagglutining'to SRBCO.‘It can be seen from Fig. 6 that a full res-
ponsiveness hgd ﬁqt developéd until the second and thibd week after
reconstitution. 'fhis implied that any response measured up to 2
weeks after r;consfitution was due fo interactions between cells which
were fully differentiated at the time of transplantation and not due

to differentiation.of transplanted precursor cells from the bone

marrows

A Dose-Response Curve for Bone Marrow Transplantation. The

next question to be answered was, how many cell types are present in
bone marrow. It was important to know if transplantation of 5 x 106M
cells would involve only one or both of the nonadherant cells neces-
sary for a response,; since this dose would be used in later cell
interaction experiments.

C57B1 male mice given 900 rad at St. James Hospital were

reconstituted with 5, 10, 50, or 100 million syngeneic bone marrow
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Figure 6. The appearance of an immune response to SRBC in
irradiated, bone marrow reconstituted C57Bl mice. Groups of mice (2
mice per group), given 900 rad and 2.65 x 107 syngeneic bone marrow
cells at time O, were immunized immediately and at 1, 2, 3, and L
weeks thereafter. The graphs show hemolysin and hemmagglutinin titers
of individual mide within each group. The response in nonirradiated
immune controls approximated the response of mice injected at 4
weekso
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cells and a constant dose of 4 x 10° SRBC IV. Their spleeps’were
assayed for antibody-producing cells on day 8, The results of this
experiment are shown in Fig. 7 as a plot of log 5¢Snonse vs. cell

dose given. The curve displays a slope of 1;609 indicating that two -

cell populations are interacting to give the response (6).

A Dose-Response Curve for Spleen Cell Reconstitution: The

Diluéion Effeéf With SRBC Antigen. Groups of C57Bl female mice which
had been givep lethal doses of irradiation at Lincqln General Hos-
pital were reépnstiﬁuted with either 1 ¥ 1069 160 x 1069 or 50 x 106
syngeneic spleen cells. Several mice in eaph group were also immu~

8‘SRBCG To determine the

nized on the day of irradiation with 1 x 10
cellular response,'their spleens were assayed on &ay 5 for antibﬁdy-
producing cells. A marked dilution effect was seen, in that an
average of 958 times more PFC were present in the spleen of mice when
50 million spleen cells were injected than when one million spleen
cells were injected (Table II). This dilution effect was also seen if
results were transformed into number of PFC per million recipient .

- spleen cells. The dose~-response curve (6) for this data shows a slope
of 1.h40, indiéating that two cell types are present in the spleen

'being used for reconstitution and that they are interacting to give

the response (Fig. 8)-

The Spleen Dilution Effect With BGG Antigen. C57Bl male mice
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Figure 7. A dose-response curve for reconstitution with bone
marrow. The gragh shows a plot of log PFC response per recipient
spleen to 4 x 10° SRBC on day 8 vs. the log bone marrow cell dose
given to the recipients on day O after 900 rad irradiation. Each
point is average of 3 C57Bl male mice.




TABLE II, The Spleen Dilution Effect

e B No. of Spleen Cells Nucleated PFC/Spleent PFC/lO6
g Mice Transferred Cells/Spleen Ty Spleen Cells
x 10 -6

6
NONEb 1 50 x 106 89.0 0 0
SRBC 3 50 x 10 41.7 4792 79.
NONE 1 10 x 102 17.8 10 0.56
SRBC 3 10 x~10 L8 .3 36 4

6
NONE 1 Pix 106 5.80 0 0
SRBC 2 1" x 10 11.3 5 0.29

i All mice received 900 rad.

b
LA 108 SRBC

e
Assayed by Jerne plaque on day 5. Nonirradiated immunized control spleens
contained an average of 20,738 PFC,

9e
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Figure 8. A dose-response curve for reconstitution with
spleen cells. The graph shows a_plot of log PFC response per 105
recipient spleen cells to 1 x 1O8 SRBC on day 5 vs. the log spleen
cell dose given to irradiated C57Bl female mice. Each point is the
average of 3 mice.
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were given 900 rad whole body irradiation with the Gammator, reéon;
stituted with 1; 10, or 50 million syngeneic spleen cells, and
' immunized with 1 mg of aggregated BGG. Eight days later 10 pe
131I-BGG was given IV, and the elimination was monitored by whole-body
counting.

The rate of elimination was shown to increase with increasing
dose of spleen cells given (Fig. 9). The half-life of BGG in the '
immunized,micé_decreased from 2.7 Qays when one million cells were
given to 05631days when 50 millien spleen'cells were given., However,

transformation of the data into a doée—response curve did not display

the spleen dilution effect nor the presence of cell interaction.

Absence of Synergism Between Normal Spleen and Bone Marrow in

SPEF Miceo GS?Bl male mice were irradiated at St. James Hospital and
reconstituted with 1 x‘106‘normal syngeneic spleen cells and/or 5 x
106 bone marrow cells. Their spleens were assayed for PFC on day 7.
_ The results (Table III), recorded aé PFC'per spleen, reveal no in-
creased respohse‘iﬁ mice receiving both spleen and bone marrow over
the response in mice reéeiving only marrow. A notable increase in
the spleen siZe of groups of mice ﬁhich had received bone marrow
over those that did:not‘was evident.

The daﬁa in Table IV show the absence of synergism in mice

receiving larger doses of normal spleen; 10 and 50 million cells,




100 29

IX10%Spleen cells

©
=
2
g 0 10X IOGSpIeen cells
1 4 8
>
e
=
[
Q o 50X|OsSpleen cells
vl
-
k=
z ]
*
o
o
)
| 4
8-

0 | 2 3 4 5 6

DAYS AFTER '*'|-BGG INJECTION

Figure 9. Anti-BGG response in spleen cell reconstituted
C57Bl1 mice. The graph shows the average elimination patterns
beginning on day 8 of groups of mice given 1, 10, or 50 million
spleen cells and 1 mg aggregated BGG after irradiation. All points
are the average of 2 or 3 mice. Control curve represents elimination
in normal nonirradiated.C57Bl mice.




TABLE III, Absence of Normal Spleen-Bone Marrow Synergism in C57B1 Mice:

Low Cell Dose

Treatmenta 8% AE g s
Mice Cells/Spleen PFC/Spleenb
x 10 -7
Spleen 2C 1.059 6
Spleen + SRBC 5 - =
Bone Marrow 2 20.80 9
Bone Marrow + SRBC 5 19.95 35
Spleen + Bone Marrow + SRBC 4 15529 31
Control 2 ¥0.15 15
Control + SRBC 2 75750 36,625

i All mice except controls received 900 rad at St. James Hospital. Cell
doses were 1 x 100 spleen cells and 5 x 10 bone marrow cells.
Immunized mice received 1 x 108 SRBC.

b
Assayed by Jerne plaque on day 7

€ All mice in this group died before day of assay.,

0¢
















































































































