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Influence of Thymus Cells on Erythropoiesis of Parental Marrow in 
Irradiated Hybrid Mice* (33334) 
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Although the role of the thymus in immu- 
n,obiology has been intensively and fruitful- 
ly investigated in the last ten years (1-S), 
comparatively little is known about the influ- 
ence of this organ on erythropoiesis. Auerbach 
(6) found that thymus fragments cultured 
in vitro with embryonic spleen fragments had 
a beneficial effect on the subsequent growth 
of all elements of the splenic tissue. This 
effect was nicely confirmed in vivo by 
Metcalf (7),  who found a 67% greater mass 
in splenic fragments grafted subcutaneously 
with thymus fragments than in splenic frag- 
ments implanted ,alone. This increased mass 
represented all splenic components and, as 
Metcalf pointed out, was in agreement with 
the converse finding of decreased splenic size 
of both follicles and red pulp after thymecto- 
my in adult mice (8). That the thymus may 
be involved in control of red cell formatiion 
is further indicated by (a) the anemia subse- 
quent to neonatal thymectomy of mice (#3) ,  
(b) maturation arrest of erythroid cells in 
neonatally thymectomized opossum (9), and 
(c) the assocation of erythroid aplasia with 
an epithelial cell tumor of the thymus in man 

While studying factors that modify the 
poor growth of parental marrow in irradiated 
F1 hybrid mice, we observed that thymus, 
bone marrow, and liver cells were ineffective 
(in doses up to 3 X lo7) in pretreatment 
experiments ( 12-14). Of various organs used 
to treat F1 hybrid recipients two to three 
weeks before their irradiation, only those 
having a high proportion of immunocompe- 
tent cells (spleen and lymph nodes) aug- 
mented growth of subsequently transplanted 
parental marrow. However, when given as 
post-treatment to irradiated hybrids, parental 
bone marrow cells exposed to 10,000 R in 

( 1 0 , l l ) .  
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vitro were the most effective cell type 
studied, spleen being second. Dead cells from 
lymph nodes and thymus produced only 
marginal improvement of poor growth, where- 
as liver and red cells had no effect. This 
report presents experiments in which viable 
thymus cells, injected into heavily irradiated 
hybrid mice treated with parental bone mar- 
row, very clearly augmented erythropoiesis in 
the resultant chimeras. 

Methods. Inbred parental strains and their 
F1 hybrid crosses included C57BL (hereafter 
called B),  C57BL/6 (or B6), C3H (or C3), 
DBA/2 (or D2),  (B69 X D2$)F1 (or 
B6D2F1), and ( B  X C3$)F1 (or BC3F1). 
Recipients were 12-16 weeks old at the time 
of irradiation, and donors were 12-25 weeks 
old. 

Mice were exposed to a single, 900-R 
whole-body dose of X-rays at  a rate of 
around 160 R per min measured in air. 
Physical parameters were 250 kVp, 15 mA, 1 
mm A1 added filtration, hvl = 0.5 mm Cu, 
target-object distance = 60 cm. Parameters 
were the same for in vitro irradiation of cell 
suspensions, except that the target-object dis- 
tance was 25 cm and the dose rate around 
850 R per min measured in air. 

Bone marrow plugs were suspended in 
phosphate-buffered saline by aspiration 
through 22-gauge and then 27-gauge needles. 
Thymus cells were suspended by aspiration 
through a 27-gauge needle after the whole 
organs, trimmed of fat and connective tissue, 
were pressed through a fine-mesh, stainless- 
steel screen. After erythrocytes were lysed by 
saponin, nucleated cells were enumerated on 
a Coulter counter. A viability estimate was 
made by counting, a t  a light microscope, the 
proportion of cells not stained by eosin. 
Yields in these experiments ranged from 50 to 
110 X lo6 eosin-excluding cells per thymus. 
Dilutions were based on eosin-excluding cell 
counts. Unless otherwise noted, cells, either 
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TABLE I. Effect of Viable Thymus Cells on Erythropoieais in Irradiated BC3Fla Hybrid Mice 
Given lo6 Parental (B) Marrow Cells. 

6BFe uptake 
(% injected dose; mean k SE) 

No. of 
Experiment Donor of 108 thymus cells mice RBC Spleen 

B 

C 

A B 
BC3F, 
None 
Radiation controlb 

B 
c 3  
BC3Fl 
BCSF, (+ no marrow) 
None 
Radiation controlb 

B 
B (+ no marrow) 
None 
Radiation controlb 

B, i.p.O 
B (+ no marrow) 
None 
Radiation control* 

D B 

31 
28 
30 
15 

22 
3 

23 
5 

28 
28 

19 
3 

22 
19 

19 
21 
23 
25 
9 

7.2 k 0.5 
2.5 k 0.3 
1.4 k 0.1 
0.3 f 0.04 

5.9 f 0.7 
0.2 * 0.1 
2.5 2 0.4 
0.2 -I 0.1 
0.9 k 0.1 
0.1 & 0.01 

12.3 f 0.7 
1.1 k 0.4 
3.5 k 0.4 
1.2 k 0.3 

12.6 k 0.9 
2.1 f 0.1 
0.1 & 0.01 
2.0 & 0.2 
0.3 k 0.1 

5.1 -e 0.2 
2.3 2 0.2 
1.6 & 0.2 
0.3 f 0.02 

3.1 t 0.2 
0.3 f 0.02 
1.7 2 0.2 
0.2 -I 0.1 
0.5 k 0.1 
0.3 k 0.02 

5.6 k 0.2 
0.02 k 0.00 
2.2 k 0.2 
0.03 -e 0.00 

5.9 k 0.3 
1.1 k 0.1 
0.4 f 0.01 
1.1 f 0.2 
0.2 k 0.02 

~ ~ ~~~ 

Recipients 9 9 in Experiment A, 8 8 in all others. 
Received no bone marrow, no thymus cells. 
Thymus cells given intraperitoneally ; in all other cases, cells given intravenously. 

marrow alone or marrow plus thymus, were 
given intravenously in a volume of 1 ml 18 - 
22 hr after the recipients had been irradi- 
ated. When embolic death after injection of 
large numbers of thymus cells was antici- 
pated, mice were given 50 units of heparin in 
0.5 ml of saline intraperitoneally 1&20 min 
before receiving the intravenous inoculum. 

Seven days after bone marrow was given, 
59Fe as citrate (0.5 pCi per mouse) was ad- 
ministered intravenously in a volume of 0.25 
ml. Twenty-four hr later the mice were 
killed, and blood and spleens were removed 
for assessment of radioactivity in a well-type 
scintillation counter. Individual counts were 
recorded and are expressed as percentages of 
the injected 50Fe dose. Erythrocyte values, 
obtained from the saline-washed red cells of a 
known volume of blood, were corrected to 
represent the mouse’s total blood volume 
( 15). Mean 59Fe-uptake values for various 

groups of mice were treated by statistical 
tests of all comparisons among means, and 
differences were considered significant at the 
5% level. In one experiment, spleen weight on 
day 8 after bone marrow was used as a 
criterion of graft proliferation ( 16). 

Resdts.  Viable cells from parental thymus 
produced a significant increase in erythro- 
poiesis of grafted marrow (Tables I and 11). 
Experiments A, B, and H illustrate a small 
but significant improvement resulting from 
viable F1 hybrid (isogenic with the recipient) 
thymus cells. Thymus cells alone gave rise 
to no erythropoiesis, as shown by experiments 
B, C, and D. When thymus donors were of 
the second parental strain (C3 in experiment 
B) ,  uptake values were indistinguishable 
from those of radiation control mice. High 
mortality in this group (8/11) and failure of 
the marrow transplant suggest that a graft- 
versus-graft (GVG) reaction of immunocom- 
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TABLE 11. Comparison of Effect of Living" with Deadb Thymus Cells on Erythropoiesis in 
Irradiated Hybrids Given lo6 Parental" Marrow Cells. 

mFe uptake (% injected 
dose; mean L- SE) 

Donor of lo8 No. of 
Experiment Recipient thymus cells mice RBC Spleen 

E B6D2F1 9 9 B6, dead 
None 
Radiation controld 

F R6D2F1 9 9 B6, Living 
B6, dead 
None 
Radiation controld 

B, dead 
None 
Radiation controld 

BC3F,, dead 
None 
Radiation controld 

G BC3F1 8 8 B, living 

H Bc3F1 9 ? BC3Fl, living 

30 
23 
14 

26 
29 
29 
31 

19 
21 
25 
10 

25 
26 
25 
6 

1.5 L- 0.2 1.2 f 0.2 
1.2 2 0.2 0.7 -c 0.1 
0.6 -c 0.1 0.3 f 0.02 

8.2 -c 0.7 4.9 f 0.2 
1.6 f 0.1 1.6 2 0.2 
1.2 L- 0.2 0.6 f 0.1 
0.2 & 0.03 0.4 L- 0.04 

6.6 -r- 0.7 4.4 f 0.3 
3.5 L- 0.5 3.5 & 0.7 
1.6 & 0.2 1.3 & 0.2 
0.1 L- 0.01 0.2 2 0.02 

2.5 2 0.3 2.4 0.2 
1.7 -c 0.2 1.8 & 0.2 
1.2 & 0.1 1.3 2 0.2 
0.1 L- 0.03 0.3 & 0.00 

~ ~~~ 

(I Eosin-excluding. 
Exposed to 10,000 R in vitro. 
B donors for BC3Fl, B6 for B6D2F1 recipients. 
Received no bone marrow, no thymus cells. 

petent elements among the many ( I@) thy- 
mus cells resulted in rejection of the B mar- 
row transplant. 

In contrast to viable suspensions, heavily 
irradiated thymus cells gave variable "Fe- 
uptake results (Table 11). In  all experiments 
a small but significant increase in spleen 
values was recorded, but in only two cases, G 
and H, was the erythrocyte value signifi- 
cantly elevated above that of the correspond- 
ing group that received marrow only. One of 
these experiments involved F1 hybrid thy- 
mus cells and therefore suggested that the 
small and inconsistent increase was nonspe- 
cific. 

Figure 1 shows the dose-effect relationship 
of thymus cells with spleen weight used as a 
criterion of repopulation ( 16). These in- 
creases in spleen weight represent prolifer- 
ation of all cell types normally found in the 
spleen and not simply GVH splenomegaly. In 
another experiment, groups of mice were 
given 0, 4, 8, or 16 X lo7 parental thymus 
cells with no bone marrow, and spleen 

weights were recorded 8 days later (as in 
Fig. 1 ) .  Mean spleen weights increased from 
20 rng (no thymus) to 40 mg at the highest 
thymus cell dose. Presumably the difference 
of 20 mg represents the maximum spleen 
weight increase to be found as a result of 
grafted thymocytes and their progeny en- 

120 1 

NO THYMUS 

: i l W  0 20 40 T H W S  CELL DOSE 80 (millions) 

FIG. 1. Effect of thymus cell dose on spleen 
weight of irradiated B6D2Fl females given B6 mar- 
row (loo cells). Twenty-five to thirty mice per 
point. 
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RADIATION 
CONTROL 

0- 

ON ERYTHROPOIESIS 

gaged in GVH (17-19). Increases in excess 
of this in Fig. 1 must therefore be a conse- 
quence of hematopoiesis. Our assessment of 
erythropoiesis as well as histologic examina- 
tion of splenic tissue attest to this interpreta- 
tion. ""e-uptake data for spleens and eryth- 
rocytes in this experiment paralleled those 
for the three highest spleen weight values, 
but *-'"Fe data representing 2 and 4 x lo7 
parental thymus cells were indistinguishable 
from each other. Certainly between thymus 
cell doses of 4 and 16 X lo7 spleen weight 
was a reflection of erythropoietic activity. 
The group given 16 X lo7 isogenic (F1) 
thymus cells in addition to parental marrow 
showed significant but slight augmentation 
consistent with data of Experiments A, B, 
and H. This high number of cells increased 
parental marrow growth to about the same 
extent as did a much smaller number (4 X 
10') of parental thymus cells. 

When thymus cells were given one or two 
days before or after, instead of with the mar- 
row inoculum, they were also effective in in- 
creasing erythropoiesis. The results of this 
experiment are graphically presented in Fig. 2. 
Spleen 59Fe-uptake values were greatest for 
the group that received thymus cells two 
days before and least for the one given thy- 
mus cells two days after marrow. The degree 
of augmentation was positively correlated 
with the length of time between thymus cell 
administration and assessment of 59Fe up- 
take. The red cell values, however, a better 
indication of activity in the entire erythron, 
followed a slightly different pattern, with the 
largest value belonging to the group treated 
with thymus and marrow on the same day. 
The data of Fig. 2 make it clear that viable 
thymus cells are effective even when given a 
relatively long time before or after marrow. 

Discussion. Recent studies of Claman et 
al. (20, 2 1 )  have shown a synergistic effect of 
thymus and bone marrow cells on immune 
response that may be analogous to our re- 
sults. Using two assay methods, they were 
able to demonstrate in irradiated mice that 
ability to react immunologically to sheep 
eryt'hrocytes was greater in recipients treated 
with adult thymus plus marrow than could be 
accounted for by summing results from re- 
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FIG. 2 .  Twenty-four-hour @Fe uptake as a func- 
tion of time of B6 thymus cell (1oB) administration 
in B6D2Fl males. Twenty-eight to thirty-one mice 
per point except for day zero, which had 16, and 
radiation control group, which had 7. All mice ex- 
cept radiation controls received lo" B6 marrow on 
day 2 .  

TIME AFTER X RAY (days) 

cipients of the individual cell types given 
separately. They thought that the inability of 
a subcutaneous graft of whole thymus to act 
synergistically suggested that the effect seen 
when cell.suspensions were injected was not a 
humoral one. As these authors point out, 
there are difficulties with this interpretation, 
since a humoral agent elaborated at a rela- 
tively distant site might fail to achieve the 
required concentration in lymphatic tissues. 
The complete lack of effectiveness of thymus 
given intraperitoneally (Expt. D, Table I) 
indicates that localization of injected cells is 
critically important in our own experiments. 
That the distribution of transfused lympho- 
cytes may vary with the tissue of origin as 
well as with donor-host relationship has been 
shown experimentally ( 2  2 ) .  

The effect reported here on erythropoietic 
activity of transplanted parental bone mar- 
row is a large one. Red cell 59Fe-uptake val- 
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ues obtained in mice given lo8 thymus cells 
plus log marrow cells are roughly equivalent 
to those obtained from comparable F1 hybrid 
recipients given 6 to 8 )( lo6 parental mar- 
row cells alone or to isogenic parental recipi- 
ents given 5 X lo5 cells (unpublished data). 
This 6- to %fold increase in effectiveness 
results from the presence of thymus cells or 
from their products. The data available do 
not allow us to distinguish between two obvi- 
ous possibilities: (a) cell surface interaction 
(or syngeneic preference) phenomena (23)  
and (b) humoral factors, either the same as 
or different from those previously reported 
for the thymus with respect to immunological 
activity (24,2 5 ) .  

The small effect provided by living F1 cells 
might represent a “sparing” of stem cells in 
the donor marrow; i.e., a diversion from im- 
munological commitment to red cell forma- 
tion. We have no experimental evidence that 
this was the case and believe it possible that 
the hybrid cells functioned in a completely 
nmimmunologic way. Whatever their mode 
of action, hybrid cells were considerably less 
effective than parental cells. The evidence 
strongly suggests a strain-specific effect. 

I t  is not known whether a GVH reaction 
resulting from transplanted thymus cells con- 
tributed in some way to the augmentation of 
erythropoiesis. The fact that four separate 
experiments (unpublished data) in which 
parental lymph node cells in doses of from 4 
to 1 0 0  million (together with parental mar- 
row) were injected into irradiated hybrids 
gave rise to no augmentation indicates that 
GVH activity alone is not the factor responsi- 
ble for the present results. Hybrid recipients 
of intravenously injected parental lymph 
node cells exhibited gross signs of secondary 
or GVH disease, terminating in death within 
2 weeks of their treatment. The additional 
fact that parental thymus cells given without 
marrow to F1 hybrids produced no real 
splenomegaly within 8 days (16 X lo7 cells 
increasing spleen weight only 20 mg above 
that of irradiated untreated controls) sug- 
gests that the augmentation does not result 
directly from florid GVH reaction. 

The relative inability of dead thymus, in 
contrast to dead marrow or spleen cells ( 1 3 ) ,  

to improve poor growth in these parent-to- 
hybrid combinations may reflect a problem in 
proximity or cellular localization like that 
suggested above for cells given intraperitone- 
ally. 

Further studies utilizing additional donor- 
host combinations and other experimental ap- 
proaches, including IMillipore diffusion cham- 
bers, should help us answer some of the ques- 
tions raised by these results and to determine 
whether this effect is widespread or merely 
represents another peculiarity of the parent- 
FI situations in which poor growth is found. 

Summary. Living parental thymus cells in- 
jected into heavily irradiated F1 hybrid recipi- 
ents augmented erythropoiesis resulting from 
transplanted bone marrow from the same, but 
not the second, parental strain. The augmen- 
tation increased as parental thymus cell dose 
was increased. Thymus cells alone, regardless 
of origin, gave rise to no erythropoiesis. 
When recipient spleen weight, 8 days after 
marrow transplantation, was used as a cri- 
terion of marrow growth, the data for p r e n -  
tal cell doses 4 )( lo7 and above paralleled 
those from 69Fe-uptake studies in the same 
mice. Parental thymus cells were effective 
even when administered 1 to 2 days before or 
after the marrow transplant. 

Viable F1 hybrid thymus cells produced a 
much smaller, but significant augmentation 
in the same parent-to-FI hybrid combination, 
one in which poor growth of marrow is well 
documented. When thymus cells, either par- 
ental or F1 hybrid, were heavily irradiated 
( 10,000 R) ,  only a very small, apparently 
nonspecific augmentation was seen. 
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Hydrochloride in Yitro, in Ouo, and in Small 

Laboratory Animals (33335) 

E. GRUNBERG AND HERBERT N. PRINCE 
Department of Chemotherapy, Hofwann-La Roche, Inc., Nutley, New Jersey 07110 

Recent years have witnessed the develop- 
ment of antiviral substances which have been 
either somewhat group specific in their effect 
or which have possessed a slightly broader 
antiviral spectrum. Examples of the former 
type are the isatin thiosemicarbazones for the 
pox virus group ( 1-3), iododeoxyuridine for 
DNA viruses, especially herpes (4, 5 )  and 
amantadine hydrochloride for influenza A ( 6 ,  
7). Examples of the latter type are 2-dehy- 
d rme t ine  (8) and l,l13,3-tetracyanopro- 
pene (9) both of which exerted activity in 
vivo against Columbia SK, herpes and Cox- 
sackie virus B1. The present report describes 
the results of experiments with a new sub- 
stance, 3,4-dihydro- 1 -isoquinolineacetamide 
hydrochloride ( 10) (DIQA) , showing activity 
in vivo against both RNA and DNA viruses 

but a very narrow spectrum of activity in 
vitro. 

Materials and Methods. 3,4-Dihydro- 
1 -isoquinolineacetamide hydrochloride (DI- 
QA) is an odorless, white crystalline solid 
having the following structural formula: 

O? HCl 

CH,CONH, 

The substance is highly soluble in water 
(20% at  20”) and alcohol (10% at  23’). 
Aqueous solutions are acidic, stable, and 
unchanged by heat. 

In all the present experiments the test 
compound was dissolved in distilled water 
and prepared fresh before each experiment. 


