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Summary. Normal mouse serum confers on bone marrow rosette-forming cells
(RFC) from normal mice a high sensitivity to anti-theta serum (AOS) and azathio-
prine (AZ) which they otherwise lack. Such an effect can also be demonstrated on
spleen cells from adult thymectomized mice, 'thymus-deprived' and nude mice, but
the amount ofserum required is higher in the latter mice. This activity of serum on
RFC disappears after thymectomy ofthe serum donor with a half-life of2 -5 hours and
reappears in thymectomized mice within 4 days after grafting of a thymus. Serum
thymic activity (TA) is present in different amounts in different mouse strains and
in ageing mice it progressively disappears. No TA is found in the serum of 4-week-
old nude mice. TA is stable after lyophilization but is thermolabile in solution.
It passes through UM 10 Amicon membranes, which suggests that its molecular
weight (mol. wt) is probably < 10,000. TA is reversibly suppressed in the pres-
ence of a serum inhibitor with a mol. wt between 100,000 and 300,000. This
inhibitor is not detectable in the serum of thymectomized mice unless the serum is
incubated with TA containing serum for 60 minutes at 370. The biological signifi-
cance ofTA is still a matter of speculation but its role in maturation or expansion
of T-cells is suspected.

INTRODUCTION

We have presented evidence in the preceding paper showing that a portion of rosette-
forming cells (RFC) in the spleen of adult thymectomized mice is sensitive to thymic
extracts: adult thymectomy decreases RFC sensitivity to azathioprine (AZ) and to anti-
theta serum (AOS); this abnormality is corrected by thymic extracts injected in vivo or
incubated in vitro for 90 minutes at 370 with spleen cells. We present here new results
demonstrating the existence in normal mouse serum of biological activity, similar (or
identical) to that of thymic extracts on RFC, due to factor(s) produced by the thymus
(serum 'thymic activity' (TA)).

MATERIAL AND METHODS

Antitheta serum (AOS) and azathioprine (AZ)
Their origin has already been reported (Bach and Dardenne, 1972).
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Mice
Their origin and the methods used for thymectomy and preparation of 'thymus-

deprived' mice have been described in the preceding article (Dardenne and Bach, 1973).

Thymus grafts
Two thymus lobes from 6-week-old syngeneic mice were grafted subcutaneously into

each recipient. Lymph node grafts (six to eight nodes per recipient) were performed
using the same method.

Serum preparation
Mice were bled and serum collected after blood coagulation. The serum was then

filtered through an Amicon membrane (Centriflo CF 50 A, Amicon) through which
molecules with a molecular weight (mol. wt) lower than 50,000 can pass. Filtered and
non-filtered fractions were stored at - 200 and examined separately. In some experiments
serum was used directly without filtration or after filtration through filters other than
Centriflo CF 50: Centriflo CF 20, Diaflo UM 0 5, UM 2, UM 10, XM 100 and XM 300.
These membranes are supposed to let pass molecules with mol. wt lower than 20,000;
500; 1,000; 10,000; 100,000 and 300,000 Daltons respectively.

Determination of serum 'thymic activity' (TA)
Serum TA was detected by incubating in a haemolysis tube the filtered serum with

3 x 10' spleen cells from adult C57/B16 mice thymectomized 10-20 days before. The
incubation lasted for 90 minutes at 370 in the presence of AZ at a concentration of
10 jug/ml. Such a concentration is intermediate between the AZ minimal concentration
inhibiting 50 per cent spleen RE1 from normal mice (1 ug/ml) and from adult thymec-
tomized mice (25-10 jug/ml) (Bacfi and Dardenne, 1972, 1973). At the end of the incu-
bation, 12x106 sheep red blood cells (SRBC) were added to the cells which were then
centrifuged and resuspended by rotation on a roller (10 cm diameter) at low speed
(10 rev/min). RFC were counted in a haematocytometer. In the absence ofTA, the number
ofRFC was 12 10/106 cells+ 120 (SD). In the presence of TA, the RFC level was lowered
to 200-400/106 cells. In the absence of AZ normal serum induced no inhibition of RFC,
except at the highest concentrations (1/1-1/2).

RESULTS
1. PRESENCE OF 'THYMIC ACTIVITY' (TA) IN NORMAL MOUSE SERUM

When C57/B16 mouse serum (previously filtered on Centriflo CF 50 A and diluted
1/5) was incubated with spleen cells from adult thymectomized mice, no change in RFC
number was noted but RFC acquired AZ sensitivity identical to that ofRFC from thymus
or normal spleen. The effect was obtained for dilutions up to 1/16. At lower serum con-
centrations, the AZ MIC was lowered significantly, but to a lesser degree. RFC changes
were not only observed with AZ but also with AOS, the inhibition titre of which, in the
presence of fresh guinea-pig serum (1/50) became identical to that measured on thymus
RFC (Table 1). Conversely, serum from mice thymectomized 7 days before had no effects
(Table 1, Fig. 1). Serum TA kinetics were identical to those ofthymus extracts reported in
the previous article (Dardenne and Bach, 1973), TA was detected when AZ was added
to the spleen cells simultaneously with the serum to be tested. In contrast, the effect was
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TABLE 1

INFLUENCE OF NORMAL MOUSE SERUM (FILTERED THROUGH AN AMICON MEMBRANE CF 50 A)
ON AZ AND AOS SENSITIVITY OF BONE MARROW AND SPLEEN RFC FROM NORMAL AND ADULT
THYMECTOMIZED (Tx) C57/B16 MICE AND NUDE MICE. AZ MIC IS EXPRESSED PER ML
(MEANS+ SD) AND AOS IN ROSETTE INHIBITION TITRES. NORMAL SERUM AND SERUM FROM

THYMECTOMIZED MICE WERE USED AT 1/10 DILUTION

Azathioprine Anti-O serum

Mouse XVith Tx With normal With Tx With normal
serum serum serum serum

Bone marrow cells Normal 100 gig 5 1 g±0-2 1/40 1/600
Adult Tx 105 ,ug 10 1-2 ,gg±03 1/40 1/600
Nude 110lpg± 10 1 1 pg±02 1/40 1/600

Spleen cells Normal 11 pg+041 14 pg±0 3 1/600 1/600
Adult Tx 95 pg± 10 1 0 pg± 0.3 1/50 1/600
Nude , 70 ug± 5 3-2 ug± 141 1/40 1/150
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not obtained when AOS was added simultaneously with the serum TA. Filtered serum
had to be present for 10 minutes before adding AOS to get the effect. Cell washing, after
a 5-30 minutes incubation at 370 with filtered mouse serum before adding AZ or AOS, did
not suppress TA. However, full TA was not obtained when the incubation lasted less than
5 minutes. No TA was detected after 40 incubation followed by cell washing.
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FIG. 1. AZ sensitivity (pg/ml) of spleen RFC from adult thymectomized C57/B16 mice after in vivo
treatment with normal serum or serum from adult mice thymectomized 7 days before bleeding. (o)
Tx serum. (0) Normal serum.

Serum TA could also be demonstrated on normal bone marrow RFC under the same
conditions (including serum concentrations) as for spleen RFC of thymectomized mice.
Conversely, normal serum did not modify AZ sensitivity of RFC from normal spleen, or
lymph nodes from normal or thymectomized mice (Table 1). Spleen and bone marrow
RFC from nude and 'thymus-deprived' mice were also studied. Their AZ sensitivity,
which is spontaneously significantly lower than that of normal spleen RFC (Bach and
Dardenne, 1972), was increased by normal serum. The amount of serum necessary was
significantly higher (4-10 times) than for adult thymectomized, non-irradiated mice
(P<0 01) (Fig. 2).

2. VARIATIONS WITH STRAIN AND AGE

(a) Serum TA level varied with the strain ofmouse; from 1/32 in C3H and BALB/c mice
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FIG. 2. Comparison of the decrease of AZ sensitivity in spleen RFC of adult thymectomized and
'thymus-deprived' C57/B16 mice and nude mice after in vitro incubation with normal C57/B16 serum
(P< 001, means ± 2 SE). (A) Nude spleen. (E) Deprived spleen. (e) Adult Tx spleen. (a) Normal
bone marrow.

to 1/64 in A, C57/B16, CBA/H and AKR mice, and 1/128 in Swiss mice. No difference of
TA level was noted between male and female mice ofa given age (as studied in six C57/B16
and eight C3H mice). In twelve nude mice tested at 4-6 weeks of age serum TA was not
found at dilutions higher than 1/4.

(b) Age. The relationship between serum TA and age was studied from birth to later
months of age. Fig. 3 shows that in A and Swiss strains, serum TA decreases significantly
after 5 months and becomes insignificant at 10-14 months. Similar results were observed
in CBA/H and C57/B16 strains. AZ sensitivity of lymph node and spleen RFC were
studied in relation to age up to 18 months. No decrease with age was observed.

3. EFFECTS OF THYMECTOMY AND SPLENECTOMY

Thymectomy performed in C57/B16 mice at 8-10 weeks of age led to a rapid decrease
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FIG. 3. Influence of age on serum TA in A-Orlans, (3) Swiss and (a) nude mice.
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FIG. 4. Influence ofadult thymectomy on (0) serum TA and (0) spleen RFC AZ-sensitivity on C57/B16
mice (means+2 SE).

in serum TA. This decrease was biphasic. During the first 6 hours, TA varied from 1/64
to 1/8 with a half-life of 21/2 hours. It remained at this level for 5 days. On the sixth day
(Fig. 4) a new fall was observed, down to a dilution of 1/2-1/4. The second fall on day 6
was a significant one (P<0.001) and occurred simultaneously with the drop in spleen
RFC sensitivity to AZ and AMS (Fig. 4). Similar results were obtained in Swiss, CBA/H,
C3H, and AKR strains. In all cases sera collected 8-10 days after thymectomy showed
TA levels lower or equal to 1/4.

Controls. Fig. 5 shows the results observed after sham thymectomy, splenectomy and
removal of one thymic lobe. Neither sham thymectomy (seventeen mice) nor splenectomy
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FIG. 5. Influence ofserum TA on (o) sham thymectomy, (0) splenectomy, (*) thymectomy and (o) hemi-
thymectomy in C57/B16 mice.
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(twelve mice)induced any TA decrease. Thymectomy ofone lobe (fourteen mice) provoked
a transient decrease in TA (lower than that observed after total thymectomy). TA came
back to normal after 3 days. AZ sensitivity of spleen RFC was not modified.

Combined efects of thymectomy and splenectomy (twenty-nine mice). Whereas splenectomy
alone had no effect on serum TA, when it was performed 2-7 days before thymectomy,
it modified serum TA kinetics following thymectomy. As shown in Fig. 6, splenectomy
suppressed the plateau observed between day 1 and day 7 after thymectomy alone. More-
over, later on after thymectomy, TA level was still slightly but significantly lower in
splenectomized than in non-splenectomized mice. Splenectomy was performed in four nude
mice; TA level decreased one dilution (P<0 01).

4. THYMUS GRAFTS

Thymus grafting corrected the effect of adult thymectomy, both for serum TA (Fig. 7)
and for spleen RFC sensitivity to AZ and AOS (Bach and Dardenne, 1973). Normalization

1/128

1/64 _
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1/16 -
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1/4-

1/2 T

II if ~~~ ~~~I_
0 2 4 6 8 10 12 14 20 25 30

Txor Days after thymectomy
splenectomy

FIG. 6. Influence of (e) thymectomy alone as compared to (o) splenectomy and thymectomy on serum
TA. When both operations were performed, (o) splenectomy was performed 4-7 days before thymectomy.

of RFC sensitivity to AZ occurred simultaneously with increase in serum TA on day 3
(Fig. 8). However, on day 2, there was already evidence ofreappearance ofRFC sensitivity
to AZ in the spleen, whereas the reappearance ofserum TA was not significant before day
3 and reached its maximum level on day 4 (1/64-1/128) where it remained. This slight
24-48-hour difference in normalization of serum TA and RFC AZ-sensitivity was found
regularly: four mice already had a significant correction of RFC sensitivity to AZ without
any detectable serum TA on day 2 after thymus grafting, and normal RFC sensitivity ( 1
,ig/ml) was reached before normalization ofserum TA (1/64). Dissociated thymocytes also
increased serum TA in adult thymectomized mice, but a significant effect was only ob-
served with 200 x 106 thymocytes i.v. (Fig. 7).

Syngeneic lymph nodes (three nodes) and spleen cells (10, 50 and 100 x 10 cells i.v.)
were also grafted in thymectomized mice, but no change in spleen RFC AZ-sensitivity
and no increase in serum TA were noted 2, 4, 7 and 12 days after grafting (Fig. 7).

5. CHARACTERISTICS OF THE FACTOR(S) GIVING SERUM TA

(a) Stability. TA was stable for 4 days at 40 but its activity began to decrease significantly
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FIG. 7. Influence on serum TA ofgrafted (0) thymus (two lobes): dissociated (o) thymocytes (200 x 106)
cells (i.v.) and (a) lymph nodes (eight nodes) in adult thymectomized C57/B16 mice.

later (75 per cent reduction at 7 days). TA proved to be stable at -200 and - 700, but
repeated (2-4) freezing and thawing caused TA to disappear. Lyophilization did not affect
TA. TA began to decrease significantly after 3 hours at 200 after 90 minutes at 370 and
after 10 minutes at 560. More than 75 per cent TA decrease was observed after 5 hours
at 200, 150 minutes at 370, 30 minutes at 560 and 5 minutes at 80°.

(b) Diafiltration. Serum from 8-week-old C57/B16 mice was filtered through Amicon
filters with various mol wt. cut-offs: (UM 0-5:500-UM2:1,000-UM 10: 10,000-UM 20:
20,000-CF 50:50,000 and XM 100:100,000). The activity found in filtrates 10,000,
20,000 and 50,000 was identical to that found in 100,000 filtrates. Conversely, no activity
was found in fractions passed through filters with mol. wt cut-offs at 500 and 1000. The
UM 10-filtered fraction (6 ml) was passed on a UM 2 membrane. TA in the fraction
retained by the UM 2 membrane (0-2 ml) was increased to 1/2,000, which corresponds
to a 32-fold concentration. When normal serum (6 ml) was filtered on CF 50 and then
UM 10 membranes and the fraction retained on the UM 10 membrane (0 2 ml) was diluted
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FIG. 8. Early effects of thymus grafting on serum TA and spleen RFC AZ-sensitivity in adult thymec-
tomized mice. (D:day) (A) D 1. (o) D 2. (a) D 3. (e)D 4.

B
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40 times in Hanks' medium, and concentrated again on the UM 10 membrane in a volume
of 0 2 ml, TA was no more detectable.

6. INHIBITOR(S)

Crude Swiss mouse serum was devoid of any detectable TA. When filtered through a
CF 50 A membrane (50,000 cut-off) TA was present in the filtrate diluted 1/128. The
retained fraction showed no TA.

Total serum showed some activity in some mouse strains (1/8 in C57/B16 mice, 1/8 in
BALB/c mice) but in all strains, TA was lower in total serum Ithan in filtered serum. The
mixture of filtered and non-filtered fractions had the same activity as total serum.
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FIG. 9. Influence ofthymectomy (0) and thymectomy after splenectomy (0) (performed 3-7 days before
thymectomy) on serum level ofTA and TA inhibitor in Swiss mice.

The characteristics and origin of the inhibitory factor(s) were studied using the following
quantitative system: one volume of TA-containing fresh Swiss mouse serum filtered on a
CF 50 membrane and diluted 1/16 was mixed with one volume of the sample to be tested
at different concentrations. Such a mixture was added to spleen cells from adult thymec-
tomized mice and the TA assay was performed as already described. Inhibitory activity
was detected when the TA of the normal filtered Swiss serum was suppressed, that is to
say, when the spleen cells remained insensitive to inhibition by low AZ concentrations
(10 4ug/ml).
The inhibitor was present in all strains tested at concentrations between 1/4,000 and
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1/160,000 (1/4,000 in C57/B16, 1/40,000 in CBZ, AKR and Swiss and 1/160,000 in A
mice). It was found in fractions filtered through XM 300 (mol. wt cut-off: 300,000) but
not through XM 100 (mol. wt cut-off: 100,000) and CF 50 (mol. wt cut-off: 50,000)
membranes, even after concentration on a UM 10 membrane. The level of inhibitory
activity was similar in young (4-10 weeks) and older mice (4-8 months).
The inhibitory activity was found in the serum of thymectomized Swiss, CBA and C57/

B16 mice but at a significantly lower level than in the serum of normal mice. After thymec-
tomy, the rate of decrease of the inhibitory activity was similar to that of TA (data for

TABLE 2

TA INHIBITORY ACTIVITY IN SERA FROM NORMAL AND THYMECTOMIZED
(30 DAYS POST-THYMECTOMY) C57/B16 MICE AND FROM NUDE MICE. SERA
HAVE BEEN FILTERED ON A XM 100 AMICON MEMBRANE. VARIOUS
MIXTURES OF FILTERED AND RETAINED FRACTIONS HAVE BEEN ADDED TO
SPLEEN CELLS FROM ADULT THYMECTOMIZED MICE FOR TA EVALUATION,
EITHER IMMEDIATELY OR AFTER A 60 MINUTE PREINCUBATION AT 370*
FRACTION MIXING WAS PERFORMED IN RELATION TO THE INITIAL VOLUMES

OF FILTERED AND RETAINED SERUM FRACTIONS

TA
Filtered fraction Retained fraction

Immediate Delayed
testing testing

Normal Normal 41/4 <1/4
Normal 0 1/64 1/64

0 Normal <1/4 41/4
Thymectomized Thymectomied < 1/4 1/4
Thymectomized 0 < 1/4 <1/4

0 Thymectomized < 1/4 < 1/4
Nude Nude < 1/4 <1/4
Nude 0 <1/4 S1/4

0 Nude < 1/4 <1/4
Normal Thymectomized 1/64 6 1/4
Normal Nude 1/64 1/64

Swiss mice shown in Fig. 9). Moreover, as for serum TA, splenectomy, which had no
effect by itself increased the effects ofsubsequent thymectomy (Fig. 9). These experiments
suggested that the inhibitor might need association with the free factor responsible for
TA in order to be active. This hypothesis was supported by the reappearance ofinhibitory
activity in the sera of thymectomized mice when the non-filtered fraction of such sera was
incubated for 60 minutes at 370 with filtered normal serum before being added to spleen
cells from adult thymectomized mice (Table 2). Using this incubation time, the level of
inhibitory activity was no longer significantly different in normal and in thymectomized
mice, even 30 days and 3 months after thymectomy. In 8-week-old nude mice no serum
inhibitory activity was found, evenwhen the non-filtered fraction was incubated with normal
filtered serum before TA testing (Table 2).

7. URINE

Urine from C57/B16 and Swiss mice was studied before and after filtration on CF 50
membrane. Less than 10 per cent dead cells were observed after addition of urine to
spleen cells, and 90 minutes incubation at 370 for urine dilutions higher than 1/10. No TA
was found in the urine of normal thymectomized mice at dilutions higher than 1/10.
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8. RECONSTITUTION OF ADULT THYMECTOMIZED MICE BY NORMAL SERUM

Normal C57/B16 mouse serum was filtered on a CF 50 membrane and injected at the
dose of 1 ml i.v. into 8-week-old C57/B16 mice thymectomized 10 days before. No serum
TA was detectable before the thirtieth minute but TA increased rapidly afterwards,
reaching its maximum level after 2 hours (Fig. 10). This maximum value was intermediate
between TA obtained after injection of 30 and 100 pg of thymic extract (fraction 6b)
(Dardenne and Bach, 1973). Only higher doses ofserum were able to modify AZ sensitivity
of spleen RFC of thymectomized mice: when serum was concentrated as indicated above
(UM 10 followed by UM 2 filtration TA = 1/2,000) and injected into C57/B16 mice, 1 ml
of such a preparation significantly increased the sensitivity of spleen RFC examined 24
hours after the injection. Concentrated serum of thymectomized mice had no such effect.

1/128
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E1/16
i 1/8 _
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FIG. 10. Influence on serum TA of i.v. injection of one ml of normal serum filtered on UM 10 Amicon
membrane (means+2 SE)

DISCUSSION

Both normal serum and thymic extracts can confer upon normal bone marrow cells or
spleen cells from adult thymectomized mice some characteristics of T-cells (sensitivity to
AZ and AOS) which they normally lack. This similarity of action seems to be based on
common identity as adjudged in vitro by retention on diafiltration membranes, and
secondly by the crude kinetics of the reaction. The effects of thymic extracts and serum
observed after in vivo injection into thymectomized mice were also strikingly similar both
in relation to the level of serum TA and the correction of spleen RFC sensitivity to AZ.
However, it may be that the factor present in thymic extracts which modifies RFC differs
from the factors active in Goldstein's and Trainin's experiments (Goldstein, Guha, Zatz,
Hardy and White, 1972; Trainin and Small, 1970). It is assumed here that the factor
present in thymic extracts and active on RFC is related or identical to the serum thymic
factor (TF) that we have demonstrated in this article.

Origin of TF
This factor is probably secreted by the thymus since it disappears from the serum after

thymectomy (and not after sham thymectomy or splenectomy), is absent in nude mice,
which congenitally lack the thymus, and reappears as soon as 2-4 days after thymus
grafting. In addition the injection of dissociated thymocytes and of thymic extracts
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corrects TF level (Dardenne and Bach, 1973). The absence of correction by peripheral
T-cells indicates that only the thymus, among normal lymphoid organs, secretes TF.
However, preliminary data (our unpublished results) suggest that T-cells stimulated by
allogeneic stimuli also produce a factor active on RFC, but biochemically distinct from TF.
TF thymic origin and more precisely secretion by the medullary epithelium, is furthermore
suggested by the absence ofTA in 1-month-old NZB mice (Bach, Dardenne and Salomon,
1973), which are known to have an atrophy of thymic medullary epithelium (De Vries
and Hijmans, 1967). Lastly, serum TA decreases with age, simultaneously with decrease
in thymus weight and cell content. However, one cannot exclude that serum TF is not
secreted by the thymus itself but needs the presence of the thymus to become biologically
active, perhaps after some intra-thymic metabolic changes. The significance of the TA
plateau 1-5 days after thymectomy remains obscure. As this plateau is suppressed by
splenectomy, it is possible that the spleen is a reservoir of TF or that some spleen cells can
produce small amounts of TF or of a related factor in the presence of the thymus. The
latter hypothesis is further suggested by the significant decrease in serum TA (from 1/4
to 1/2) observed after splenectomy in nude mice.

TEF dependence qf spleen RFC
A direct influence of TF on spleen RFC sensitivity to AZ and AOS remains to be proven.

However, one may note that after thymectomy AZ-sensitive RFC disappear not long after
TF from serum. Thymus grafting restores normal TF level almost simultaneously with
the reappearance of normal spleen RFC sensitivity to AZ. Lastly, correction of AZ-
sensitivity obtained with in vivo or in vitro treatment by thymic extracts demonstrates the
feasibility of humoral correction. The existence of intermediate levels of AZ sensitivity
between that present in normal mice and in thymectomized mice, which has been observed
after in vivo or in vitro reconstitution by serum or by thymic extracts, suggests a continuous
action of TF on the RFC remaining in the spleen after thymectomy, rather than a short
life span of T-RFC (5 days). In the latter instance, one would expect thymectomy to
provoke a progressive decrease in the number of AZ sensitive RFC (20 per cent day)
rather than the rapid disappearance of all the AZ-sensitive RFC seen on day 6. The most
likely explanation is that TF controls spleen RFC AZ-sensitivity and that a very low TF
level is necessary for normal or subnormal AZ-sensitivity of spleen RFC. Such a threshold
is perhaps lower than the lowest levels detected by our technique. This would explain
why after thymus grafting or TA injection, RFC normalization preceeds that of TF level.
This could also explain why ageing mice have a normal AZ spleen RFC sensitivity,
although they have a very low TF level.

TF characteristics
Serum TF is a relatively stable molecule, between -20° and + 40. Its mol. wt is between

1000 and 10,000. This figure is lower than Goldstein's evaluation of 12,500 (Goldstein
et al., 1972) and higher than Trainin's evaluation (Trainin and Small, 1970) since, in
contrast with our own results (Dardenne and Bach, 1973) Trainin's reported that his
thymic extract passed through an Amicon UM 2 filter. In fact, the Amicon filters used in
our studies and in those of Trainin give only a rough mol. wt evaluation. TF half-life
(in terms of activity) is 21 hours. TF is not found in its active form in urine.
A TF inhibitor with high mol. wt has been demonstrated in normal serum. Its biological

significance is not determined but its action might be weak in vivo if one considers that
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in vivo injection of thymic extract (Dardenne and Bach, 1973) or of normal mouse serum
corrects AZ sensitivity of adult thymectomized spleen RFC. The origin and the
mode of action of the inhibitor is difficult to determine. The early fall of inhibitory activity
after thymectomy, parallel to that ofTF, does not imply that the inhibitor is secreted by the
thymus with a short half-life since when the inhibitor-containing serum fraction is incu-
bated with free TF before being added to spleen cells, no difference is seen between normal
sera and sera from mice thymectomized 1-30 days before. These data rather suggest that
the inhibitor needs TF to express its activity and that 60 minutes incubation at 370 are
sufficient to let TF interact with the inhibitor. The origin of the inhibitor is not known:
its absence in nude mice, even after 60 minutes ofincubation at 370 suggests that the thymus
might be somehow implicated in its synthesis.

Mechanism of TEF action ofRFC
The time of action of TF on RFC is probably in the range of 10-20 minutes, since

thymic extracts or normal serum must be added to bone marrow cells at least 10 minutes
before AOS to exert their effect. No such lag time of TF effect is observed with AZ,
which can be added simultaneously with TF, but AZ is probably not immediately active
on lymphocytes as it must be transformed first (Bach and Dardenne, 1971). This observed
duration of 10-20 minutes for TF action is not incompatible with the fact that a 5-minute
incubation at 370, followed by two washings, is sufficient to obtain the effect. It is possible
that 5 minutes are necessary for TF binding on cells and that 10-15 supplementary
minutes are needed for the effect to develop. TF has a rapid metabolism (biological half-
life of 21 hours). Its action on RFC is reversible since after one in vivo injection, normal
AZ-sensitivity is found again after 72 hours. It probably does not diffuse into bone
marrow in concentrations sufficient to modify in vivo RFC, since no change in bone marrow
RFC was observed after injection of thymic extracts, while such bone marrow RFC were
modified by thymic extracts in vitro. However, this point will need study with labelled TF
before being proven. The mechanism of TF action on bone marrow RFC or spleen of
adult thymectomized mice remains obscure. The effect is obtained too rapidly to involve
a true and irreversible differentiation but rather a reversible 'activation', probably
mainly located at the membrane level. This membrane action might involve the adenyl-
cyclase system since cyclic AMP restores normal AZ-sensitivity to spleen RFC from adult
thymectomized mice and this effect is also obtained with theophylline (Bach and Bach,
1973) an agent known to decrease cyclic AMP metabolism.

Nature of TF target cells
The origin and nature of the target RFC population ofTF is difficult to determine. The

portion of normal bone marrow RFC or spleen RFC from adult thymectomized mice,
which have been shown to be sensitive to thymic extracts, belongs to the class III RFC
defined previously (Bach and Dardenne, 1973), a population of RFC only inhibited by
high concentrations of AOS and AZ, and present in bone marrow and spleen cells from
adult or neonatally thymectomized mice. Their thymic origin must be discussed since
there are some T cells in normal bone marrow and spleen of neonatally thymectomized
and nude mice, as shown by studies using 0 (Raff, 1971) or T6 (Doenhoff, Davies,
Leuchars and Wallis, 1970) markers. Moreover, class III RFC do have some 0-antigen
on their surface since they are inhibited by high concentrations ofAOS (Bach and Dardenne,
1972) and such inhibition seems to be specific since it is suppressed by AOS absorption with
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brain or thymocytes (Bach and Dardenne, 1972). Differences in AZ and AOS sensitivity
of class III RFC and class I and II RFC, which are probably T-cells (Bach and Dardenne,
1972, 1973), could then be explained by the absence of a thymic hormone in the spleen
of thymectomized mice or in normal bone marrow since, as suggested in this article,
thymic extracts might not penetrate into bone marrow. In fact, class III RFC are probably
not mature T cells since there is a normal percentage of thymic extract sensitive RFC in
bone marrow and spleen of neonatally thymectomized, 'thymus-deprived' and nude
mice. However, the problem is complicated by the lower thymic extract sensitivity of the
RFC in 'thymus-deprived' and nude mice than in normal or adult thymectomized mice.
RFC ofthe latter mice might belong to the 'post-thymic' cells described by Stutman, Yunis
and Good (1970), which are more readily made immunocompetent by thymic hormonal
function than pre-thymic cells found in nude mice.
The demonstration of serum TA, besides confirming the specificity of thymic extracts,

brings evidence for a peripheral action of thymic hormones. Such a peripheral action
had been suggested by experiments of reconstitution of neonatally thymectomized
mice by placing thymus grafts in Millipore chambers (Osoba and Miller, 1963) or
injecting thymic extracts (Goldstein et al., 1972). But the direct proof of a circulating
thymic hormone was lacking. This peripheral action of thymic hormones probably
explains the suppressive action of adult thymectomy on 0-positive RFC (Bach, Dardenne
and Davies, 1971; Bach and Dardenne, 1973) and possibly on mixed lymphocyte reaction
(Bach and Bach, 1972). It is difficult to assess serum TF biological significance: it may be
simply representing peripheral diffusion of a thymic hormone exerting all its biological
activity within the thymus. Alternatively, TF may have a biological function in the
periphery.
The possible role of thymic hormones in T-cell maturation is still obscure. Our results

suggest two main possibilities: thymic hormones may be necessary to transform very im-
mature T-cell precursors as seen in nude mice, into T-cell equivalents. Such action
would only occur at high concentrations perhaps such as are present within the thymus.
Thymic hormones might also transform post-thymic to cells into more mature Tl-cells, as
found in thymus and spleen (Bach and Dardenne, 1973; Raff and Cantor, 1971). Thymic
hormone effects on post-thymic to cells would be reversible since adult thymectomy sup-
presses T-cell characteristics of spleen T-RFC, probably through the disappearance of
the hormone from the serum (Bach and Dardenne, 1973). Whatever its mechanism of
action, hormonal thymus activity is probably completed by an ultimate maturation
phase leading to T2 cells (Bach and Dardenne, 1973; Raff and Cantor, 1971). These
T2 cells, which are mainly found in blood and in lymph nodes, would be independent
of thymic hormonal influence, whereas, even in the periphery, T1 cells would still depend
on the presence of the hormone. All these considerations bear on RFC and it is pre-
mature to extend the hypothesis to T cells in general. However, functional tests on RFC,
including tolerance induction by specific RFC removal (Bach, Muller and Dardenne,
1970) suggest that this extrapolation might prove possible in the future. Furthermore,
the application of these considerations to man is still a speculative one but might prove
feasible since serum TA has been detected in man and it disappeared after thymectomy
(Bach, Dardenne, Papiernik, Barois, Lavasseur and Le Brigand, 1972). In this respect,
the study ofsera from patients with immunodeficiency diseases, linked or not with thymus
defects, should prove useful.
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