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Summary. A single injection of ~[3-interferon (cz[~-IFN) 
(30000 units/mouse), a major biological modifier of natu- 
ral killer (NK) cytolytic activity, strongly stimulated NK 
activity in normal mice, as expected, while the same treat- 
ment did not statistically alter the NK response in cyclo- 
phosphamide (CY)-suppressed animals. 

We investigated the possibility of thymosin cq coope- 
rating with (~[3-IFN in boosting NK activity in CY-sup- 
pressed animals. 

The results show that treatment with thymosin cq (200 
p~g/kg) for 4 days, followed by a single injection of cq3- 
IFN 24 h before testing, strongly restored NK activity in 
CY-suppressed mice. Thymosin cq was, moreover, able to 
accelerate the recovery rate of N K  activity in bone marrow 
reconstituted murine chimeras. 

Taken together the data support the concept that the 
synergic effect between thymosin cq and c~[3-IFN could be 
the result of effects on differentiation of the N K  lineage at 
different levels. 

Introduction 

Interferon (IFN) represents a group of glycoproteins that 
play an important role in the regulation of the natural kill- 
er (NK) system [10, 11, 3]. Most work has focused on the 
in vitro enhancing effects of IFN on NK activity [22, 23, 
16]. In vivo administration of IFN has also been reported 
to boost NK activity both in human [12, 14, 5] and murine 
[4, 7] experimental models. However, treatment of cancer 
patients with IFN has not always led to an increased NK 
response [18, 2]. 

Recent studies have emphasized that thymic hormones 
could regulate N K  activity in normal and immunosup- 
pressed animals [15, 1]. Since thymosin a~, a well-known 
synthetic polypeptide of thymic origin [8, 17], restored NK 
activity in immunosuppressed mice [24, 19], we hypothes- 
ized that thymosin cq could cooperate with IFN in boost- 
ing NK activity in immunosuppressed animals. 

To investigate this possibility we carried out the pres- 
ent study to examine: (a) the effects on NK activity of thy- 
mosin cq, given in association with c~ [3-IFN to cyclophos- 
phamide (CY)-suppressed mice and (b) the effects of thy- 
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mosin cq on the recovery rate of NK activity in bone mar- 
row reconstituted murine chimeras. 

Materials and Methods 

Mice 

Female C57B1/6 mice 6 to 7 weeks old, purchased from 
Charles River Italia, Calco, Milano, Italy were used. 

Drugs and treatments 

Thymosin ~ I. Thymosin c~1, generously provided as a lyo- 
philized preparation by Hoffman-La Roche (Nutley, N.J., 
USA), was dissolved in sterile 1.4% NaHCO 3 at a concen- 
tration of 300 p~g/ml and stored at - 2 0  ° C. Mice were in- 
jected with 200 p~g/kg of thymosin cq in 0.2 ml of phos- 
phate buffered saline (PBS) i. p. 

Interferon. IFN (o~ and [3 mixture), kindly supplied by 
Dr. F. Belardelli (Istituto Superiore di Sanit/t, Roma, Ita- 
ly), was prepared from suspension cultures of mouse sar- 
coma 243 cells inoculated with Newcastle disease virus. It 
was administered as a single injection i. p. 24 h before the 
NK assay at a dose of 30000 units in 0.1 ml of PBS. 

Cyclophosphamide. CY was dissolved in 0.85% NaCI 
sterile solution immediately before use and injected i. p. in 
a volume of 0.2 ml. Each CY-treated animal received a 
single dose of 200 mg/kg 4 days before the N K  assay. 

In vitro cytotoxicity assay 

Preparation of  effector cells. Spleen cells were obtained 
from normal, treated or bone marrow reconstituted mice, 
by gentle teasing of individual spleens in RPMI 1640 
(Flow Laboratories, Irvine, Ayrshire, UK). The resultant 
cell suspension was filtered through a Nytex mesh, washed 
once with RPMI 1640 and the pellet was then resuspended 
in the assay culture medium (RPMI 1640 supplemented 
with 10% fetal bovine serum (FBS) (Flow Lab.), 200 mM 
L-glutamine (Flow Lab.), 25 mM Hepes (Flow Lab.) and 
50 ~tg/ml gentamicin (GRS, Shering Co. Kenilworth, N.J., 
USA) 

Target cells. YAC-1, a Moloney virus-induced mouse T 
cell lymphoma of A /SN origin was used as the target cell 
in the chromium release assay. A cell suspension of 5 × 10 6 

YAC-1 cells in 0.9 ml of culture medium was labelled with 
100 gCi of sodium chromate (51Cr) (New England Nuc- 
lear, Boston, Mass., USA) for 60 rain at 37 °C in a CO 2 in- 
cubator. After labelling, the cells were washed three times 
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in RPMI  1640 and resuspended in the complete  culture 
medium at 1 x 105 cel ls /ml.  

NK assay. The N K  activity of  effector cells was mea- 
sured by a 4-h 51Cr release assay using label led YAC-I  tar- 
get cells as descr ibed by Herberman  et al. [9]. 

Briefly, effector cells were adjusted to varying concen- 
t rat ions and added  to 1 x 104 51Cr-labelled YAC-1 cells in 
U shaped 96-well microt i ter  plates (Flow Lab.) in a total  
volume of  0.2 ml. The plates were then incubated  for 4 h at 
37 °C in a CO2 incubator .  After the incubat ion per iod,  the 
plates were centrifuged at 50 g for 10 rain, 0.1 ml of  super- 
natant  was collected and the radioact ivi ty measured using 
a Beckman Biogamma Count ing System (Beckman Instru- 
ments, Irvine, Ky., USA). All assays were per formed in 
quadrupl ica te  and three effector-target cell ratios were em- 
ployed.  The basel ine 5~Cr release was that  of  label led 
YAC-1 cells incubated  alone in 0.2 ml of  culture medium,  
and in no case did  it exceed 10% of  the total  counts incor- 
pora ted  by target  cells. Experimental  results were ex- 
pressed as percentage cytotoxici ty measured by specific 
51Cr release and were calculated as follow: 

test cpm - basel ine cpm 
total  cpm incorpora ted  - basel ine cpm 

Bone marrow chimeras 

Mice were lethally i r radia ted  by exposi t ion to 3'-rays 
(850-950 fads) using a 6°Co i r radia tor  (Hot  Spot,  MKIV,  
Harwell ,  UK).  After 4 - 5  h 1 x 107 syngeneic bone marrow 
cells were inocula ted i. v. in 0.5 ml of  RPMI  1640. 

Statistical analysis 

Data obta ined from animals  of  different exper imental  
groups were analysed for differences by the Student 's  t- 
-test. 

Results  

Effect of ~ - I F N  and thymosin ~l on NK activity in normal 
mice 

In order  to evaluate the effects of  c ~ - I F N  and thymosin cq 
on the cytotoxic activity of  N K  cells in normal  mice, the 
animals  were randomized,  divided into four exper imental  

Table 1. Effect of thymosin cq and IFN on NK activity in normal 
mice 

Mean percentage cytotoxicity 
+ SEM against YAC-1 

E :T ratio 

Group ~ 100:1 50:1 25:1 

Control 33.8 + 1.7 b 25.7 + 2 18.6 _+ 1.1 
Normal + IFN 40.5 ± 2.9 c 36.7 _+ 1.6 c 31.0 _+ 3.1 c 
Normal ± c~ 36.9 + 2.7 31.9 ± 2.3 24.1 _+ 2.7 
Normal + ct~ + IFN 39.6 _+ 2.4 32.1 + 1.9 29.8 ± 2.6 

C57B1/6 mice were randomized, divided into four groups and 
treated respectively with control diluent, cq3-IFN 30,000 units 
(day 3), thymosin 061 200 txg/kg (days 0, 1, 2, 3), thymosin cq 200 
txg/kg (days 0, 1, 2, 3) plus et[3-IFN 30,000 units (day 3). On day 
4 mice were sacrificed and spleen cell NK activity was tested. 

b cumulative results of two independent experiments (total n= 10) 
P < 0.001 by Student's t-test against control 

groups and t reated respectively with (a) control  diluent at 
the same t ime as the treated animals,  (b) a single i. p. injec- 
t ion of  c~[3-IFN 24 h before testing, (c) four daily i. p. injec- 
tions of thymosin cq starting 4 days before testing, (d) the 
same t reatment  as group (c) fol lowed by the t reatment  of  
group (b) 3 h after the last pre- treatment  injection Dosages 
and t reatment  schedules were selected on the basis of  the 
best results in pre l iminary  trials. 

The experiment  was per formed twice. Because of  high- 
ly concordant  da ta  in corresponding experimental  groups,  
they are expressed as cumulat ive results. 

As shown in Table 1 the animals inoculated with a[3- 
I F N  showed a predic table  and significant increase in N K  
activity in accordance  with other reports [4, 7], while treat- 
ment  with thymosin cq had a slight but  not  significant ef- 
fect. No difference was observed between mice treated 
with ct[~-IFN alone and mice treated with thymosin  a I as- 
sociated with cqMFN.  

Effects of  o~-lFN and thymosin al on NK activity in CY- 
suppressed mice 

In a paral lel  study we examined the possible synergistic ef- 
fect of  a ~ - I F N  with thymosin al  on N K  activity in mice 
pre- t reated with CY. 

The mice were injected with CY 4 days before the as- 
say. On the same day they were randomized,  d ivided into 
four exper imental  groups and treated as previously de- 
scribed for normal  mice. Again  the experiment  was repeat- 
ed twice and concordant  data  were obtained.  

Cumulat ive results presented in Table 2 show that ct[5- 
I F N  was not  able to increase the CY-induced reduct ion in 
N K  activity. Thymosin  ct I only slighthly increased the N K  
activity. Conversely,  when a[5-IFN was given in associa- 
t ion with thymosin  cq, a marked  increase in N K  activity 
was noted. 

Effects of thymosin al on regeneration of NK cell activity of 
bone marrow chimeras 

To evaluate the influence of  thymosin cq on the in vivo 
growth and differentiat ion of  less differentiated non-eyto-  
lyric and IFN-insensi t ive  progeni tor  N K  cells in immuno-  

Table 2. Effect of thymosin ct~ and IFN on NK activity in CY- 
suppressed mice 

Mean percentage cytotoxicity 
± SEM against YAC-l 

E :T ratio 

Group" 100:1 50:1 25:1 

Control 33.8 ± 1.7 b 25.7 _+ 2.0 18.6 + 1.1 
CY 10.6 ± 2.6 6.6 _+ 1.5 3.2 + 1.4 
CY + IFN 12.0 ± 2.7 8.0 _+ 2.3 4.6 + 2.1 
CY + % 15.4 ± 2.1 10.0 ± 3 5.4 + 1.3 
CY -I- cq + IFN 26.4 ± 3.8 ~ 17.3 ± 2 ~ 9.5 + 2.1 c 

a Each animal received 200 mg/kg CY i.p. on day 0. Starting on 
the same day mice were randomized into four groups and treat- 
ed as outlined in Table 1 
The control group was represented by untreated animals 

b Cumulative results of two independent experiments (total 
n= 10) 

c p < 0.001 by Student's t-test against CY-treated animals 
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Fig. 1. Bone marrow chimeras. Mice were irradiated by exposure 
to y-rays (850-900 rads) using a 60 Co irradiator (Hot spot, 
MKIV, Harwell, UK). After 4-5 h l07 syngenic bone marrow cells 
were inoculated i.v. (in 0.5 ml/mouse). Animals were then ran- 
domized in two groups: one was treated with four injections of 
thymosin c~ I (200 llg/kg) for 4 days consecutively, starting on the 
transplantation day, the second group was treated with control 
diluent. Each experimental group consisted of ten animals. (p 
< 0.001 by Student's t-test against control at day 7, 9, 14) 

suppressed animals,  we studied a different model ,  in 
which bone marrow chimeras were employed.  

Bone marrow reconst i tuted mice were randomized  in 
two groups:  the first one was treated with four injections 
of  thymosin cq for 4 days consecutively starting on the 
t ransplanta t ion  day;  the second group was t reated with 
control  diluent.  

As show in Fig. 1, thymosin al  induced no significant 
early variat ion in splenic N K  activity in bone marrow rec- 
onsti tuted animals  compared  to the control  group. How- 
ever, 48 h later, a s ignif icantly higher reconst i tut ion in N K  
activity was evident  under  thymosin  c~ treatment.  

Our  data showed that after lethal i r radia t ion  and bone 
marrow reconsti tut ion,  the depressed N K  activity rec- 
overed to normal  control  levels within 12-24 days. When 
N K  activity was tested at different times after i r radia t ion  
and bone marrow graft in mice treated with thymosin u, 1 
(day 7-14) ,  there was a significant increase in N K  recon- 
stitution. 

Discussion 

The present  results suggest that cq3-IFN, which is one of  
the major  st imulators of N K  activity in normal  mice, 
seems to lose its effects when it is given to CY-suppressed 
animals  (Table 2). This evidence was also witnessed by 
Maluish et al. [18] indicat ing that p ro longed  I F N  treatment  
of  advanced  cancer  patients fails to increase the low N K  
activity. Interest ingly,  a similar hyporesponsiveness  state 
to IFN- induced  N K  activity boosting,  was recently evi- 
denced by Saito et al. [21] in a different model  of  N K  sup- 
pression. Fur thermore ,  thymosin c~ 1 induced a slight in- 
crease in N K  activity in normal  and CY-suppressed ani- 
mals (Tables 1 and 2). On the other hand we found that the 
associat ion of  c~[3-IFN and thymosin  cq resulted in a 

marked  increase in N K  activity in CY-suppressed mice. In 
this context,  our results suggest that these two biological  
response modif iers  could have a synergistic effect on the 
regulat ion of  N K  activity. 

One possible explanat ion  for these data  could be the 
possible part ia l  or total lack of  N K  cells targets for I F N  
stimulation,  in CY-treated animals.  Thymosin  o~ might 
then induce matura t ion  of  less different iated non-cytolyt ic  
and  IFN-insens i t ive  progeni tor  cells which, in turn, could 
result in the increase in N K  activity in CY-suppressed 
mice. 

In fact, results obta ined in bone marrow chimera 
experiments  suggest that thymosin a I can influence the in 
vivo process of  bone marrow progeni tor  cell differentia-  
t ion to cytolytic effectors. The hypothesis  is suppor ted  by 
the data  of  Umeda  et al. [24], demonstra t ing that  thymosin 
cq could increase N K  activity in tumor-bear ing mice and 
implicat ing the N K  progeni tor  cell. 

It  seems likely that the s t imulator  activity of  thymosin 
c h could be associated with the s t imulat ion of  matura t ion  
of  progeni tor  N K  cells to a low reactive N K  cell popula-  
t ion (pre-NK).  These p r e - N K  cells could then be suscepti- 
ble to the I F N  boost ing activity that results in matura t ion  
to cytolytic N K  cells [20]. 

Our  results might somehow correlate with those ob- 
ta ined by Hurme  et al. [13], who demonst ra ted  that the first 
splenic N K  cells derived from bone marrow progenitors ,  
express the thy-1 antigen. 

In conclusion,  thymosin cq and I F N  cause synergistic 
effects which could be the result of  the effect on differen- 
t iat ion of  the N K  cell l ineage at different levels. However,  
on the basis of  our results, we cannot  exclude the hypothe-  
sis that thymosin % could exert its activity indirectly,  by 
influencing the matura t ion  of  helper  T cells, which in turn 
could regulate N K  activity, as recently p roposed  [6]. Fur- 
ther studies are in progress in our laborator ies  to define 
the mechnism involved more clearly. 
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