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A synergism between thymus and bone 
marrow cells in the mouse for the response to 
sheep red cells was described (1-4). The 
purpose of the present studies was to deter- 
mine whether such interaction exists also in 
cell-mediated thymus-dependent reactions 
(5, 6). No such synergistic interaction be- 
tween bone marrow and thymus or spleen 
cells was detected, in the mouse, using the 
graft-versus-host reaction as a test system 

Materials and Medhods. Adult 45-day-old 
C3H/Bi female mice were used in all experi- 
ments. Thymuses were removed under dissect- 
ing microscope to avoid contamination with 
mediastinal lymph nodes. Bone marrow cells 
were obtained from femurs, tibiae, and hu- 
meri by forcing cold lactate-Ringer through 
with a syringe after cutting off the epiphyses. 
Spleen and thymus cell suspensions were 
prepared as previously described (8). All cell 
suspensions were prepared in cold lactate- 
Ringer and viability, determined by trypan 
blue exclusion, ranged from 80 to 98%. Cells 
were counted in a hemocytometer and the 
concentrations were adjusted to contain the 
desired number of cells in 0.2 ml of lactate- 
Ringer. Mixtures of cells of different origin 
were obtained by combining the two cell sus- 
pensions shortly before injection in a total 
volume of 0.2 ml. The cell suspensions were 
mixed by passing several times through a sy- 
ringe with a 25-gauge needle. 

Immunological capacity of these cell sus- 
pensions was evaluated by the graft-versus- 
host assay of Simonsen et al. (7).  This assay 
measures the degree of spleen enlargement 

(7). 
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induced in young F1 hybrid recipients of 
cells from one of the parental strains. The 
graft-versus-host reactions has been shown to 
be one of the cell-mediated, thymus- 
dependent immunological functions (5, 6).  

Suspensions from C3H/Bi tissues were in- 
jected intraperitoneally into 8-day-old (C3H 
X C57Bl/l)F1 hybrid mice. Two or more 
litters were used per test. The litters were 
separated in groups, identified by toe clipping 
and injected with the following cell types: 
(a) negative controls receiving 20 X lo6 syn- 
geneic spleen cells; (b)  positive controls re- 
ceiving 20 x loG spleen cells from C3H/Bi 
origin; and (c) experimental group receiving 
the cells whose immunologic competence was 
to be assessed. When cell mixtures were 
tested, a fourth group was added consisting 
of animals injected with thymus or spleen 
cells in same numbers as in the cell mixture. 
Eight days after intraperitoneal cell adminis- 
tration the recipient animals were sacrificed, 
their body and spleen weights were deter- 
mined, and a relative spleen weight (mg of 
spleen/lO g of body wt.) was calculated. The 
spleen index was calculated by dividing the 
mean relative weight of the spleens of the 
experimental group by the mean relative 
spleen weight of the negative control. Indices 
of less than 1.30 are considered negative. 

Cell numbers used in the experimental 
groups (expressed in millions) were 20, 30, 
and 50 for bone marrow cells; 10, 15, 20, and 
50 for thymus and 5, 10, 15, 20, and 50 for 
spleen. When cell mixtures were tested (Ta- 
ble I I ) ,  the proportions were as follows: (a) 
thymus and bone marrow: 10 of each, and 15 
thymus plus 5 bone marrow cells; (b) 
spleen and bone marrow: 5 spleen plus 15 
bone marrow, and 10 each; and (c) thymus 
and spleen: 10 each, and 15 thymus plus 5 
spleen cells. 

Results. Table I shows the spleen indices 
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TABLE I. Spleen Indices Obtained by Injection of C3H/Bi Cells Intraperitoneally into (C3H 
X C57Bl/l)Fl Hybrids." 

Cell type: Bone marrow Thymus Spleen 
Cell dosage 

(X106): 20 30 50 10 15 20 50 5 10 15 20 50 

0.91 0.62 0.70 0.93 1.06 1.07 1.30 1.32 1.39 1.35 1.89 2.89 
0.99 0.92 0.89 0.35 1.12 1.12 1.72 1.50 1.77 2.04 2.60 3.00 
0.99 0.95 0.95 1.00 1.27 1.12 1.90 1.55 1.69 2.15 2.79 3.00 
1.00 1.01 1.03 1.00 1.39 1.20 1.90 1.80 2.50 2.25 2.90 3.10 
1.00 1.02 1.05 1.12 1.40 1.21 1.91 2.90 3.00 2.32 2.90 3.19 
1.02 1.05 1.14 1.43 1.24 2.40 2.94 
1.02 1.05 1.16 1.33 2.72 2.95 
1.06 1.07 1.21 1.40 2.80 2.99 
1.10 1.10 1.24 1.63 3.01 3.00 

3.17 3.12 1.15 1.10 1.26 1.97 
1.30 3.20 
1.52 4.16 

Mean 1.02 0.98 0.92 1.15 1.27 1.37 1.74 1.81 2.07 2.63 2.84 3.03 
Positiveindices 0/10 0/10 0/5 2/12 3/6 4/10 5/5 5/5 5/5 12/12 10/10 5/5 

/total tests 

"All  cell donors were 45-day-old females and the F1 hybrid recipients were 8 days old. 

obtained after injection of different numbers effective in producing some positive indices 
of C3H/Bi bone marrow, thymus or spleen (14 of 33 for all cell dosages tested). Spleen 
cells into (C3H X C57Bl/lF1 hybrids. cells in dosages ranging from 5 to 50 X 10' 
Bone marrow cells in dosages ranging from cells produced positive indices in all in- 
20 to 50 )( 10' cells produced negative in- 
dices in all instances. Thymus cells in dos- Table I1 shows the spleen indices obtained 
ages ranging from 10 to 50 x 10' cells were with mixtures of cells of different origin. 

stances. 

TABLE 11. Spleen Indices Obtained by Injection of Mixtures of Different Cell Types of C3H/Bi Origin 
into (C3H X C57Bl/l)F1 Hybrids." 

Thymus and spleen Cell type : 
Cell dosage 

Thymus and bone marrow Spleen and bone marrow 

( X 10") : 10T+ lOBM 15T + 5BM 5 5  + 15BM 105 + lOBM 10T + 10s 15T -I- 5 5  

0.93 
0.97 
1.00 
1.02 
1.05 
1.05 
1.06 
1.07 
1.10 
1.13 

Mean 1.03 
Positive indices 0/10 

/total tests 

0.82 
1.00 
1.03 
1.07 
1.12 
1.12 
1.15 
1.19 

1.06 

o/s 

0.69 1.20 
1.14 1.23 
1.17 1.42 
1.30 1.98 
1.45 2.75 
1.67 
1.70 
1.77 
1.79 
1.80 

1.42 1.71 

7/10 3/5 

1.30 1.28 
1.30 1.30 
1.89 1.36 
2.20 1.77 
2.21 2.55 

. 2.69 

1.78 1.82 

5/5 5/6 

" All cell donors were 45-day-old females and the F1 hybrid recipients were 8 days old. Cell suspensions 
were injected intraperitoneally. 
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Thymus and bone marrow mixtures gave neg- 
ative indices in all instances and no syner- 
gism could be detected using this test. These 
cell mixtures contained 10 or 15 X lo6 thy- 
mus cells that per se were capable of produc- 
ing some positive indices when injected alone 
(Table I). No synergism was observed when 
spleen cells were used in combination with 
either bone marrow or thymus cells. The 
number of positive indices in these tests was 
somewhat proportional to the numbers of 
spleen cells (5  or 10 x lo6) present in the 
mixtures. The addition of bone marrow 
seemed to produce a diminution in the capac- 
ity of the competent cells present in either 
thymus or spleen cell suspensions to produce 
positive spleen indices. 

Discussion. Our present results indicate 
that for the graft-versus-host reactions, as 
measured by the Simonsen assay (7), the 
response is porportional to the number of 
competent effector cells in the inoculum (i.e., 
thymus and spleen). No such competent 
reactive cells were detected in bone marrow. 
The addition of bone marrow to spleen or 
thymus cell suspensions had no clear effect 
on the reactivity of those cells. If anything, 
bone marrow seemed to exert an inhibitory 
effect on the capacity of thymus or spleen 
cells to exercise the graft-versus-host reac- 
tion. 

The magnitude of graft-versus-host reac- 
tions is mainly related to antigenic differ- 
ences between donor and host and to a mini- 
mum number of reactive competent cells in 
the inoculum (9). All the available data sug- 
gests that the graft-versus-host reaction can 
be considered as a single hit event started by 
a determined number of competent cells pro- 
ducing cell damage (10) and inducing an 
accompanying host response ( 11). Graft- 
versus-host reactivity is a thymus-dependent 
function in the sense that it is produced by 
cells that depend on the thymus for differen- 
tiation and development ( 5 ,  6 ) .  The absence 
of interactions between precursor and effector 
cells suggest a direct line of maturation of 
cells, produced or directed by the thymus, to 
become competent in the peripheral lym- 
phoid organs. Thymus cells are relatively fee- 

ble in ability to express immunological reac- 
tions when compared to thymus-dependent 
cells in peripheral lymphoid tissues (12, 13). 
I t  takes approximately 10 times as many 
thymus cells as spleen cells to induce signifi- 
cant graft-versus-host reactions. Assuming 
that the immunologically reactive cells in 
both locations represent a single line of diff- 
erentiation (derived probably from bone 
marrow precursors), these observations sug- 
gest that functional maturity is achieved af- 
ter the cells leave the thymus. 

This process of differentiation can be con- 
sidered unidirectional and probably com- 
prises precursor, intermediate, and effector 
compartments. Precursor and/or intermediate 
cells, under thymic influence, capable of 
exerting graft-versus-host reactivity in fetal 
liver and bone marrow using irradiated F1 
hybirds as test system have been described 
(14). I t  will seem from our present experi- 
ments that, in contrast to certain antibody 
producing systems, the addition of precursor 
cells does not act synergistically with the 
effector cells in short term graft-versus-host 
reactions. 

In relation to the synergistic effect of thy- 
mus and bone marrow cells described for the 
response to foreign red cells (1-4), several 
considerations must be kept in mind. Those 
experiments used heavily irradiated recipi- 
ents as in vivo culture tests for the injected 
cells. The addition of bone marrow cells 
could increase the immune response by 
providing hemopoietic precursors and prevent- 
ing depletion of the precursor pool or by a 
nonspecific effect of the bone marrow cells on 
the localization of antibody-forming cells in 
the spleen (15, 16). These effects were main- 
ly manifested when bone marrow cells were 
associated with non-primed spleen cells ( 15). 
Absence of bone marrow-thymus synergism 
was observed when steroid-treated animals 
were used as cell receptors (17 ) .  These 
findings suggest that there may be something 
special related to the irradiation systems in 
which the synergism has been observed. 
These observations do not give an explana- 
tion to the fact that in the thymus-bone 
marrow interactions the antibody was made 
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by cells derived from the bone marrow (4).  
I t  is clear, however, that in the mouse the 
immediate precursor of antibody-forming 
cells may be derived from antigen insensitive 
stem cells present in the bone marrow and 
other tissues and following immunization 
with foreign red cells such precursor cells 
proliferate and differentiate giving rise to a 
specific antibody-forming progeny ( 18-23). 
Moreover, the cells derived from the thymus 
or differentiated under thymic influence do 
not participate directly in antibody synthe- 
sis (24). Another possibility is a highly non- 
specific activation of progenitor cells of thym- 
ic origin by antigen with liberation of agents 
capable of influencing adjacent cells ( 2 5) .  
One of these effects could be on “bursa”-de- 
pendent progenitor cells with potential to 
react with the antigen concerned. The thy- 
mus-dependent “helper” cells will thus facili- 
tate the reaction with certain antigens by the 
“bursa”-dependent effector cells. Obviously 
the proportion of “helper” and “effector” 
cells may be variable in different organs. The 
thymus-bone marrow synergism may be 
characteristic for the response to antigens on 
red cell or other cell surfaces. 

I n  the graft-versus-host reaction, as mea- 
sured by the Simonsen assay ( 7 )  , no syner- 
gism is observed due to the fact that the 
reaction has a threshold number of compe- 
tent effector cells and is due directly to the 
impact of the thymus-dependent immunologi- 
cally competent parental cells on the F1 hy- 
brid (9, 10). Therefore, addition of precursor 
cells which might eventually differentiate 
into competent cells under thymic influence 
does not modify the short-term events mea- 
sured by the graf t-versus-host spleen assay. 
Preliminary studies also indicate absence of 
synergism between thymus and bone marrow 
cells for expression of graft-versus-host reac- 
tions in long term experiments using irradi- 
ated recipients ( 2 6). 

The present findings indicate that thymic- 
dependent immunological functions (i.e., 
graf t-versus-host reactions) do not operate 
through cell synergism but are more directly 
a function of the differentiative influence of 
the thymus on hemopoietic precursors. 

Summary. Bone marrow cells were ineffec- 
tive in producing significant graft-versus-host 
reactions as measured by a spleen assay 
test. No synergism between bone marrow and 
thymus was observed in the graft-versus- 
host reactions. 
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Since other antimetabolites which disrupt 
nucleic acid and protein synthesis also inhibit 
the synthesis and action of interferon (1-7), 
i t  seemed plausible that 6-mercaptopurine 
(6-MP) may function in a similar fashion. 
Previous experiments demonstrated that 
6-MP inhibits viral multiplication in vitro 
(8). However, infection of weanling mice 
with herpes simplex virus and simultaneous 
administration of 6-MP enhanced the synthe- 
sis of virus and interferon in the liver and 
brain, compared to untreated controls, sug- 
gesting that 6-MP fails to inhibit the elabora- 
tion of interferon (9). 

These observations were clarified by study 
of the effect of 6-MP on both the synthesis 
and action of interferon in vitro. Inactivated 
chikungunya virus was employed to evoke 
satisfactory titers of interferon in chicken fe- 
tal cells (1).  Alteration of the system by 
6-MP was evaluated with the inclusion of 
actinomycin D as an inhibitory control. As 
anticipated, actinomycin fully inhibited the 
synthesis and action of interferon while 6-MP 
failed to alter significantly either phase of 
interferon biology. 

Methods. Cells. Chicken fetal cell cultures 
were prepared from decapitated 10-1 l-day- 
old red rooster fetuses by trypsinization 
(0.2%) of minced, rinsed tissue and seeding 
of 16 x 125 mm glass tubes with lo6 cells. 
Cells were plated in growth medium (GM) 
consisting of Eagle's basal amino acid and 
vitamin supplement in buffered Hanks' bal- 
ance salt solution (BSS), 90 vol, and bovine 

serum, 10 vol. Cells were nourished during 
experiments with a similar maintenance 
medium (MM), substituting only bovine fe- 
tal serum, 2 vol. 

Human diploid cells were derived by simi- 
lar methods from a 6-week-old embryo.' 

Virus. Chikungunya virus, strain S-2 7, ob- 
tained from American Type Culture Collec- 
tion as intracerebral passage 173 in infant 
mice, was passed in the same manner twice 
more in our laboratory. The virus pool of 
suspended 10% brain was assayed in chicken 
fetal cells and yielded a titer of infec- 
tious doses ( ID50)/ml. 

Sindbis virus was obtained as the first 
mouse brain and subsequent second chicken 
allantoic fluid passage from Dr. Marcus Jen- 
sen. Two additional intracerebral passages 
were performed in infant mice, first, strain 
Swiss albino and next, strain C3H/eB. The 
virus pool of suspended 5 %  brain was as- 
sayed in chicken fetal cells and produced a 
titer of 108.s IDZo/ml. 

Interferon. Chick fetal cell cultures were 
inoculated with inactivated chikungunya vi- 
rus (37", 24 hr) at  a multiplicity of 1.0 and 
culture fluids were harvested after 24 hr of 
incubation at  35". Fluids were acidified to 
pH 2 with 1 N HCI and stored for 1 week at 
4' before restitution to pH 7.2 with 1 N 
NaOH. Spent media from uninfected chicken 
fetal cell cultures were also harvested and 

1 Obtained through the Human Tissue Procure- 
ment Program, National Cancer Institute, National 
Institutes of Health, Bethesda, Maryland. 


