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Summary. A combination treatment with thymosin «1 
(200 gg/kg) for 4 days, followed by a single injection of 
murine interferon c~/13 (3 x 104 international units/mouse), 
starting 2 days after cyclophosphamide treatment 
(200 mg/kg, single injection) demonstrated a dramatic and 
rapid disappearance of tumor burden in mice bearing 
Lewis lung carcinoma (3LL) tumor. The effectiveness of 
this new chemoimmunotherapy protocol was evident even 
on the long-term survival in a high percentage of animals, 
and was statistically significant when compared to treat- 
ment with the single agents in conjunction with chemother- 
apy or to chemotherapy itself. The same combination im- 
munotherapy treatment strongly stimulated natural killer 
activity and cytotoxicity against autologus 3LL tumor cells 
in 3LL-tumor-bearing mice treated with cyclo- 
phosphamide, whereas treatments with each agent singly 
did not alter or only slightly modified the cytotoxic activity 
towards Yac-1 or 3LL target cells. Selective depletion with 
antibodies showed that killer cells stimulated by combina- 
tion chemoimmunotherapy treatment bear phenotypic 
characteristics of asialo-GM 1-positive cells. A histological 
study has shown a high number of infiltrating lymphoid 
cells in the tumors obtained from mice treated with combi- 
nation chemoimmunotherapy. 

Introduction 

In our previous studies we demonstrated that thymosin c~ 1, 
a synthetic polypeptide of thymic origin [10], given in 
combination with interferon (IFN) c~/[3 to cyclo- 
phosphamide-treated or tumor-bearing immunosuppressed 
mice strongly stimulated natural killer (NK) activity, while 
none of the single agents, when administered at the same 
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doses and at the same time, statistically altered the NK 
response [5, 6]. Since it has been substantiated that NK 
activity appears to play an important role in host defence 
against tumors [13, 14, 25, 26], the possibility of stimulat- 
ing this parameter of the immune response could have 
therapeutic potential. As a consequence, in a recent study 
we examined the possible correlation between the restored 
NK response and the effect on tumor growth. In fact we 
have demonstrated that a combination therapy with thy- 
mosin a l  and IFN was able to inhibit the growth rate and 
to prolong the survival time of some experimental tumors 
[9]. The results, however, although encouraging, did not 
highlight modifications in the long-term survival of tumor- 
bearing animals treated with the combined immunotherapy 
protocol, insofar as alt the animals from the various experi- 
mental groups nonetheless died. 

It would appear to be rational, therefore, to associate 
our protocol of combined immunotherapy with thymosin 
o~1 and IFN with a chemotherapy treatment. In fact, che- 
motherapy could potentiate the immunotherapeutic action, 
which is well known to be more effective on small masses, 
by reducing the neoplastic bulk, or by different mecha- 
nisms that are not fully understood [19]. 

It is for this reason that in this work we have evaluated 
the effects of thymosin a l  and IFN, singly or in a combi- 
nation of the two, directly on the tumorous growth of 
Lewis lung carcinoma (3LL) in tumor-bearing mice treated 
with chemotherapy. The results have shown a potent thera- 
peutic effect of combination immunotherapy in association 
with cyclophosphamide (CY). Furthermore, in order to 
explain, at least in part, the efficacy of this new schedule of 
treatment, we have studied the cytotoxic activity of spleen 
cells and the lymphoid cell infiltration at tumor level in 
3LL-tumor-bearing mice of different treatment groups. 
Combination immunotherapy associated with CY was able 
to stimulate the cytotoxic activity significantly against both 
an NK-sensitive cell line and autologus 3LL tumor cells, 
and histological analysis demonstrated a dramatic increase 
of tumor-infiltrating lymphocytes in the same group, when 
compared to the other treatments. 
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Materials and methods 

Animals. Male C57BL/6NcrlBR mice, 4 weeks old, purchased from 
Charles River Italia (Calco, Como, Italy) were used. 

Tumor. Lewis lung carcinoma (obtained originally from Dr. Zupi, Isti- 
tuto Regina Elena, Rome, Italy) was maintained in vivo by serial subcu- 
taneous transplantations in C57B1/6NcrlBR male mice. In these experi- 
ments the tumors, freshly excised from tumor-bearing animals, were 
minced in Hanks' balanced salt solution (HBSS) (Flow Laboratories, 
Irvine, Ayrshire, UK) and strained through a fine stainless-steel mesh. 
Cells were then collected by centrifugation, washed twice, counted and 
re-suspended to the desired concentration. Viability, as determined by 
trypan blue exclusion, ranged between 10% and 20%. Mice of different 
experiments were inoculated with 2 × 10 s viable 3LL cells in 0.1 mI 
HBSS subcutaneously in the right flank. Tumors were measured daily 
bidimensionally using calipers, and the survival time was controlled. 

Drugs. Thymosin a l ,  kindly provided as a lyophilized synthetic prepara- 
tion by Alpha 1 Biomedicals Inc (Washington, D. C.), was dissolved in 
sterile 1.4% NaHCO3 at a concentrafion of 1 mg/tal and stored at -20 ° C. 
Mice were injected with 200 gg/kg thymosin c(1 in 0.2 ml phosphate- 
buffered saline (PBS) i.p. Interferon (a mixture of a and ~3), was pur- 
chased from Lee Biomolecular Research Lab. Inc. (San Diego, Calif.); 
3 x 104 international units (IU) in 0.t ml PBS was administered i.p. 
cyclophosphamide, purchased from Sigma Chemical Co. (St. Louis, 
Mo.), was dissolved in 0.85% NaC1 sterile solution immediately before 
use and injected i.p. in a volume of 0.2 rel. Each CY-treated animal 
received a single dose of 200 mg/kg. 

Treatment schedules. The animals were randomized 8 days after tumor 
inoculation (t. i.) and divided into different experimental groups, which 
received or did not receive CY (200 mg/kg); they were then treated with: 
(a) control diluent, (b) thymosin c~l i.p. 200 pg/kg for 4 days starting 
on day 10 after t.i., (c) a single injection i.p. of mouse IFN«/~3 3 × 104 
IU/mouse 13 days after t. i., (d) the same treatment as group (b) followed 
by lreatment as group (c) 3 h after the last injection. Dosages and treat- 
ment schedules were selected on the basis of our previous studies and of 
the best results in preliminary trials. 

Preparation ofeffector celIs. Spleen cells were obtained from normal or 
tumor-bearing mice by gentle teasing of spleens in RPMI-1640 (Flow 
Laboratories). The resultant cell suspension was filtered through a Nytex 
mesh, washed once with RPMI-1640 and the pellet was then re-suspend- 
ed in the assay culture medium, which consisted of RPMI-1640 supple- 
mented with 10% fetal bovine serum (Flow Laboratories), 200 mM 
L-glutamine (Flow Laboratories), 26 mM HEPES (Flow Laboratories) 
and 50 gg/tal gentamycin (GRS, Shering Co., Kenilworth, NJ). 

plates (Flow Laboratories) 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 incubation 
period, the plates were centrifuged at 350 g for 10 min. Successive 0.1- 
ml aliquots of the supernatant were collected and the radioactivity was 
measured using a Beckman Biogamma counting system (Beckman In- 
struments, Irvine, Ky.). All assays were performed in quadruplicate and 
three effector/target cell ratlos were employed. 

The baseline 51Cr release was that of labelled cells incubated alone 
in 0.2 ml culture medium, and in no case did it exceed 10% of the total 
radioactivity incorporated by target cells. Experimental results were ex- 
pressed as lytic units (LU), calculated from regression-line analysis of 
the specific cytotoxicity obtained at three different (100: 1, 50: 1, 25: 1) 
effector/target cell ratios. The number of cells required to produce n % 
specific cytotoxicity is recorded as LU~, Specific cytotoxicity was calcu- 
lated as follows: 

test 51Cr release (cpm) - baseline release (cpm) 
Specific cytotoxicity = 51 • 

total Cr lncorporated baseline release 
Cell depletion. The phenotype of spleen cells obtained from normal and 
tumor-bearing mice, treated or not with CY and/or single or combination 
therapies with thymosin (zl and IFN, was examined by treating fresh 
spleen cells with appropriate predetermined dilutions of the antibodies 
described below, plus low-toxic rabbit complement (Cedarlane Labora- 
tories Ltd., Ontario, Canada; final dilution 1 : 8), before testing the cyto- 
toxicity. Cells obtained from mice of each experimental group on day 14 
after tumor inoculation were pooled, adjusted to 10Y/tal and incubated for 
30 min at 4 ° C. After being washed twice, the cells were incubated for 1 h 
with complement. The cells were then washed twice again and the 
cytotoxicity against YAC-1 target cells was determined as described 
above. Cell numbers were not readjusted after antibody and complement 
treatment to prevent selective enrichment of surviving cells. Experimen- 
tal groups are described in "treatment schedules". A group of normal, 
untreated mice was also examined. The following antibodies were used: 
monoclonal antibodies rat anti-(mouse Thyl.2) (clone 30H12) and anti- 
Lyt2 (clone 53-6.7) (Becton Dickinson, Mountain view, Calif.), mono- 
clonal antibody rat anti-(mouse macrophage) (clone M 1/70.15) (Sera-lab 
Ltd., Crawley Down, W. Sussex, England) and rabbit antiserum anti- 
(asialo-GM 1) (Wako Chemicals GmbH, Neuss, FRG). 

Histology. 3LL tumors from mice belonging to different experimental 
groups, were harvested on day 14 after t.i. (i.e. 24 h after the last 
inoculation). Mice were treated as described in the treatment schedules. 
Tumors were fixed in Bouin's fixative for 4 h and maintained in 70% 
ethanol for 24 h. Paraffin sections (5 gin) were prepared and stalned with 
hematoxylin and eosin. 

Statistical analysis. Data obtained from animals of different experimen- 
tal groups were analyzed for differences by Student's t-test (parametric) 
or the Fisher exact test (non-parametric). 

Target cells. YAC-1, a Moloney-virus-induced mouse T cell iymphoma 
of A/SN origin, and 3LL tumor cells were used as target cells in the 
chromium-release assay. 3LL cells were obtained from donor tumor- 
bearing mice and utilized after 2 days of culture in RPMI-1640 medium, 
supplemented with 10% fetal calf serum, 2 mM glutamine, 4% non-es- 
sential amino acids, streptomycin (100 gg/tal), and penicillin 
(100 gg/ml). Before testing cytotoxic activity, non-adherent cells were 
removed from the culture and adherent 3LL cells were harvested after 
short exposure (less than 1 min) to 0.02% EDTA solution. Suspensions 
of 5 × 10 o target cells in 0.9 ml culture medium were labelled with 
100 gCi sodium [SlCr]chromate (New England Nuclear, Boston, Mass.) 
for 60 min at 37°C in a CO2 ineubator. After labelling, the cells were 
washed three times in RPMI-1640 medium and re-suspended in the 
complete culture medium at 1 x 105 cells/ml. 

Cytotoxicity assay. The cytotoxicity of effector cells collected from mice 
was measured by a 4-h 5~Cr-release assay as described by Herberman et 
al. [15]. 

Briefly effector cells were adjusted to varying concentrations and 
added to 1 × 104 51Cr_labelled target cells in U-shaped 96-well microtiter 

Results 

Effect o f  thymosin czl and 1FN on the 3LL tumor gJvwth 
in CY-treated mice 

A s  s h o w n  in  Fig.  1 c o m b i n e d  a d m i n i s t r a t i o n  w i t h  C Y  a n d  
t h y m o s i n  c t l  p lus  I F N  i n d u c e d  a t u m o r  r e g r e s s i o n  ev i -  

d e n t l y  m o r e  e f f e c t i v e  t h a n  r e su l t s  d e t e c t e d  in  t he  g r o u p s  

t r e a t e d  w i t h  C Y  a l o n e  or  w i t h  C Y  a n d  s i n g l e  agen t s .  C o m -  

b i n a t i o n  i m m u n o t h e r a p y  a l o n e  w i t h o u t  C Y  c a u s e s  o n l y  a 
s l igh t ,  b u t  s i g n i f i c a n t ,  e f f e c t  o n  t u m o r  g r o w t h .  I f  w e  con -  
s ide r  the  r e su l t s  o f  the  s a m e  e x p e r i m e n t  in  t e r m s  o f  t he  

p e r c e n t a g e  o f  t u m o r - f r e e  m i c e ,  w e  c l ea r l y  o b s e r v e  the  d is -  
a p p e a r a n c e  o f  t u m o r  b u r d e n  in  a h i g h  n u m b e r  (7 /10)  o f  
m i c e  a f t e r  c o m b i n a t i o n  c h e m o i m m u n o t h e r a p y .  

T h e  c h e m o t h e r a p y  t r e a t m e n t  in  c o n j u n c t i o n  w i t h  t he  
c o m b i n e d  i m m u n o t h e r a p y  p r o t o c o l  h a s  p r o v e d  i t s e l f  to  b e  
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Fig. 1. A - F  Growth curves of Lewis lung carcinoma (3LL) tumors in chemoimmunotherapy-treated mice. C57BL/6NCrlBR mice were injected s.c. 
with 3LL tumor cells on day 0 (tumor inoculation: t. i.). The curves illustrate tumor growth of the individual tumor in untreated mice (A), mice treated 
with thymosin cd on days 1 - 4  plus interferon (IFN) on day 4 (B), cyclophosphamide (CY) on day 8 (C), CY on day 8 and thymosin cd on days 10-13 
(D), CY on day 8 and IFN on day 13 (E), CY on day 8 and thymosin a l  on days 10-13 plus IFN on day 13 (F) 

Table 1. Therapeutic effects on Lewis lung carcinoma (3LL) experimen- 
tal tumor of thymosin cd (TAl) and murine interferon o~/~ (IFN) in 
combination with cyclophosphamide (CY) 

Group d Treatment Died/treated 

CY a TAl b IFN c Expt. 1 Expt. 2 Total (%) 

1 No No No 10/10 10/10 20/20 (100%) 

2 No Yes No 10/10 N.D. 10/10 (100%) 

3 No No Yes 10/10 N.D. 10/10 (100%) 

4 No Yes Yes 10/10 N.D. 10/10 (100%) 

5 Yes No No 9/10 9/10 18/20 ( 9 0 % )  

6 Yes Yes No 6/10 7/10 13/20 ( 6 5 % )  

7 Yes No Yes 9/10 9/10 18/20 ( 9 0 % )  

8 Yes Yes Yes 3/10 2/10 5/20 ( 2 5 % )  e 

a CY (200 mg/kg) was administered i. p. on day 8 
b Thymosin «1 (200 gg/kg) was administered i. p. on days 10-13 
c IFN (3 x 104 IU/mouse) was administered i.p. on day 13 
a C57BL/6NCrlBR 3LL-bearing mice, were randomized, divided into 
different experimental groups (ten animals each) and treated as described 
above. Results are expressed as absolute numbers and percentages of 
dead mice detected for each experimental group O0 days after tumor 
inoculation. 

Statistically significant difference of group 8 from group 6 (P <0.02) 
and other groups (P <0.001) by Fisher exact test 

very effective even on the long-term survival of the ani- 
mals treated, as is demonstrated in Table 1. Here we note 
that repeated experiments have demonstrated how such a 
treatment is able to cause long-term survival in a high 
percentage of animals. This survival rate of the animals, 
demonstrated by observations made even after 60 days 
with autopsies, corresponds to the total regression of the 
tumor in the animals. No effect was observed on long-term 
survival in mice treated with each immunotherapy protocol 
separately, while slight but not significant effects were 
observed in mice treated with chemotherapy alone or che- 
motherapy plus single immunotherapy. 

Effect of thymosin o~1 and IFN on cytotoxicity against 
YAC-1 cells in 3LL-inoculated, CY-treated, 
tumor-bearing mice and phenotypical characterization 
of cytolytic cells 

The results shown in Table 2 demonstrate that the com- 
bined treatment with thymosin c~l and IFN evidently stim- 
ulate the cytolitic response against YAC-1, NK-sensitive 
target cells, in 3LL-inoculated, CY-treated, tumor-bearing 
mice. In fact, 14 days after t.i., the NK activity in 3LL- 
tumor-bearing mice appears to be evidently depressed 
when compared to the activity in control, non-tumor-bear- 
ing animals, as previously observed [18]. Chemotherapy 
treatment on day 8 after t.i. does not evidently alter this 
NK-depressed response, when tested 14 days after t.i. 
Treatments with each agent, thymosin o~1 or IFN, singly do 
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Table 2. Natural killer activity and phenotypic characterization by selective depletion with antibodies plus complement of cytotoxic cells from 
3LL-tumor-bearing mice treated or not with cyclophosphamide and stimulated in vivo by thymosin c~l (TAl) and murine interferon c~/~ a 

Antibody Cytotoxicity (LU20/106 effector cells); mean [(mean + SD) - (mean - SD)] 
treatment b 

Normal 3LL 3LL 3LL 3LL 3LL 
c.d. c.d. CY CY+TA 1 CY+IFN CY+TA 1 +IFN 

None 3.79 (4.11-3.50) 1.75 (1.85-1.66) *3 1.44(1.63-1.29) .3 1.61 (1.71-1.52) .3 1.90 (2.02-1.79) *3*4 3.i8 (3.57-2.83) *5 
Complement 3.76 (4.19-3.38) N.D. 1.22 (1.40-1.06) .3 N.D. N.D. 2.98 (3.23-2.75) .1.5 
Anti-Thyl.2 3.42 (3.77-3.10) N.D. 1.19 (1.37-1.03) .3 N.D. N.D. 2.75 (2.96-2.55) .1.5 
Anti-Lyt2 2.91 (3.19-2.65) *6 1.55 (1.78-1.34) .3 1.12 (1.23-1.01) *2*6 1.60 (1.68-1.52)'3# 1.92 (2.04-1.81) .2.5 2.88 (3.11-2.67) *5 
Anti-aGml 0.10 (0.23-0.04) .7 0.12 (0.26-0.06) *7 0.05 (0.09-0.03) *7 0.09 (0.16-0.06) *7 0.07 (0.11-0.04) *7 0.01 (0.03-0.04) *7 
Anti-M0 3.61 (4.07-3.20) 1.67 ( 1.77-1.58) .3 1.23 (1.39-1.09) *3 1.45 (1.52-1.38) .3 1.80 (2.00-1.01) *3*4 2.42 (2.64-2.22) .1.5.6 

Spleen cells obtained from mice of each experimental group on day 14 
after tumor inoculation were pooled, adj usted to 107/ml and treated or not 
with the following antibodies plus complement: rat anti-(mouse Thyl.2 
clone 3OH12) and anti-(Lyt2 clone 53-6.7). rat anti-[mouse macrophage 
(M0) clone M 1/70.15 ) and rabbit antiserum anti-(asialo-Gm 1). The cyto- 
toxicity against YAC-1 target cells was determined. Results are ex- 
pressed as geometric means of LU20/10 (~ effector cells, plus and minus 
standard deviations, calculated from quadruplicate values of cytotoxicity 
obtained at three different effector/target teil mtios. A group of normal 
untreated mice (Normal) was also examined. Statistical analysis by Stu- 
dent's one-sided t-test. ,1 p <0.01, *2 p <0.001 and *3 p <0.0001 against 

corresponding antibody treatment of normal untreated mice; ,4 p <0.01 
and ,5 p <0.0001 against corresponding antibody treatment of CY 
treated 3LL-tumor-bearing mice; ,6 p <0.01 and ,7 p <0.0001 against no 
antibody treatment within the same experimental group 
b C57BL/6NCrlBR 3LL-bearing mice were randomized, divided into 
five groups and treated respectively with control diluent (c. d.), CY 
200 mg/kg on day 8 after tumor inoculation (CY), CY 200 mg/kg on day 
8 plus TAl 200 gg/kg on days 10-13 (CY+TA1), CY 200 mg/kg on day 
8 plus IFN 30000 IU on day 13 (CY+IFN), CY 200 mg/kg on day 8 plus 
TAl 200 gg/kg on days 10-13 and IFN 3x10  IU on day 13 
(CY+TA I+IFN) 
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Fig. 2, Cytotoxic acfivity against autologus 3LL tumor cells of spleen 
cells from 3LL-tumor-bearing mice. C57BL/6NCrlBR 3-LL-bearing 
mice were randomized, divided into five groups and treated respectively 
with control diluent (3LL), CY 200 mg/kg on day 8 after tumor inocula- 
tion (3LL+CY), CY 200 mg/kg on day 8 plus thymosin a l  200 gg/kg on 
days 10-13 (3LL+CY+TA1), CY 200 mg/kg on day 8 plus IFN 30000 
IU on day 13 (3LL+CY+IFN), CY 200 mg/kg on day 8 plus thymosin a l  
200 txg/kg on days 10- 13 and IFN 3 × 104 IU on day 13 
(3LL+CY+TAI+IFN). Spleen cells obtained from mice of each experi- 
mental group on day 14 after tumor inoculation were pooled, adjusted to 
107/ml and the cytotoxicity against 3LL target cells was determined. 
Results are expressed as LUs/million effector cells. A group of normal 
untreated mice (CONTROL) was also examined 

not or only slightly modify the cytotoxic activity towards 
the target cells YAC-1 in CY-treated 3LL-tumor-bearing 
mice, as was already apparent in our previous studies on 
mice suppressed either with chemotherapy only or with a 
tumor only. Whereas combined treatment exerted a power- 
ful stimulating action on NK activity in CY-treated 3LL- 
tumor-bearing mice. Moreover, in order to characterize the 
cells involved in this cytolytic activity, we have tested the 

NK activity after selective depletion of the major murine 
spleen cell subsets. Results also illustrated in Table 2 show 
that the cytotoxic activity we observed would appear to be 
due to cells phenotypically characterized principally as 
asialo-GMl-positive cells. In fact, only the pre-treatment 
with anti-asialo-GM1 antibodies and complement almost 
completely eliminates the cytotoxicity of splenic cells. By 
contrast, this activity is not reduced or is slightly reduced 
by anti-Thyl.2, anti-Lyt2 or anti-macrophage antibodies. 

Effect of thymosin c~l and IFN on cytotoxicity against 
3LL autologus tumor cells, in 3LL-inoculated, 
CY-treated, tumor-bearing mice 

The results shown in Fig. 2 demonstrate that the combined 
treatment with thymosin o~1 and IFN is clearly able to 
stimulate the cytolytic response in spleen cells collected 
from 3LL-inoculated, CY-treated, tumor-bearing mice 
against autologus 3LL cells also. Treatments with each 
agent, thymosin c~l or IFN, singly evidently do not en- 
hance the cytotoxic activity towards the target 3LL cells in 
CY-treated 3LL-tumor-bearing mice. Results obtained in 
the control group, constituted by normal untreated mice, 
indicate, as expected, that 3LL tumor cells are not sensitive 
to NK cell cytolytic activity. 

Histological study 

The results of the histological study on the effect of com- 
bined chemoimmunotherapy with CY followed by thy- 
mosin c~l and IFN at tumor level, are shown in Fig. 3. As 
illustrated in Fig. 3A, tumors collected from control un- 
treated mice show the characteristic feature of neoplastic 
tissue: 3LL tumor cells appear in close contact with neigh- 
boring cells, few cells have two or more nuclei and the 
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Fig. 3. A. Histological analysis of 3LL tumors 
growing subcutaneously in untreated 
C57BL/6NCrlBR mice 14 days after tumor in- 
oculation (t.i.); B modifications caused by cy- 
clophosphamide treatment (single injection on 
day 8 after t. i.) when observed on day 14 after 
t.i.; C effect of combined chemoimmunother- 
apy treatment (CY on day 8 after t. i. plus thy- 
mosin c~l on days 10-13  and IFN on day 13 
after t. i.). A tumor cell completly surrounded by 
lymphoid cells is shown. All images were ob- 
tained at the same amplification and in the same 
conditions. (Original magnification x 125) 
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intensity of lymphoid infiltration within the tumor tissue is 
very low. Modifications caused by CY treatment 6 days 
after CY inoculation show evident areas of necrosis, with 
many dead tumor cells (Fig. 3 B). The damage in surviving 
tumor cells is indicated by the presence of many multinu- 
cleated cells and by an evident increase in the mean cellular 
volume. A certain infiltration of lymphoid cells is easily 
detectable. Tumor tissue of mice treated with combined 
chemoimmunotherapy shows a distinct histological pattem 
(Fig. 3 C). Surviving tumor cells are difficult to detect, 
whereas lymphoid cell infiltration is clearly evident. Some 
tumor cells are completely surrounded by lymphoid cells, 
forming a characteristic rosette feature. Similar effects 
were not observed in mice treated singly with thymosin (zl 
or IFN after CY, in which only a certain increase in lym- 
phoid cell infiltration with respect to mice treated with CY 
alone was observed (data not shown). 

Discussion 

The effectiveness of a combined treatment protocol with 
CY followed by thymosin cd plus IFN in the control of 
neoplastic growth in the experimental model of 3LL 
murine tumor, is clearly shown. In fact, we submit the 
evidence that combined chemoimmunotherapy treatment 
is able to induce tumor regression, without the appearance 
of any toxic or side effect, even if it is started when the 
tumor burden is developed and easily detectable. Experi- 
mental therapies effective in tumor control orten consist of 
protocols in which the treatment is started before tumor 
appearance. 

Our results allow us to explain, at least in part, the 
mechanism by which the combined treatment with thy- 
mosin c¢1 and IFN exerts this powerful anti-tumorous ac- 
tion in animals treated with CY. In fact, the results obtained 
on the stimulation of cytotoxic activity of the splenic cells 
by a combined use of thymosin ~1 and IFN after CY 
against 3LL tumor cells as target cells would seem to 
indicate that such stimulation might play an important role 
in the anti-tumorous mechanism of combined chemoim- 
munotherapy. We have also observed a stimulation of typ- 
ical NK cells in the spleen. This result is in accordance with 
those, previously obtained by us, demonstrating a high 
synergistic effect between thymosin (zl and IFN cz/~3 in 
stimulating cytotoxicity in CY-depressed or tumor-bearing 
mice [5, 6]. Perhaps NK cell stimulation could not be 
directly related to the anti-tumorous action of our com- 
bined chemoimmunotherapy schedule in this NK-resistant 
tumor experimental model, but it indicates the possibility 
of also successfully utilizing this treatment schedule in 
NK-sensitive primary tumors or metastases. Moreover the 
histological study strongly supports the hypothesis that 
combined chemoimmunotherapy with CY followed by 
thymosin c¢1 and IFN could induce a high infiltration of 
activated effector cells directly within the tumor tissue. 

As a consequence, one possible explanation for the 
phenomenon might derive from the fact that chemotherapy 
reduces, to a certain extent, the quantity of tumor cells 
which then could be eliminated by the effectors that are 

stimulated by the immunotherapeutic treatment. It has been 
recently demonstrated that large granular lymphocytes are 
able to respond to different stimuli with a prompt migration 
[22]. The lymphoid cell infiltration after CY treatment 
could be thus related to the release of chemotatic or stimu- 
lating molecules at tumor level. Interestingly, a positive 
correlation between the number of CD4+ lymphocytes 
(well known to be invoived in interleukin-2 production) in 
the tumors and better prognosis in breast cancer has been 
reported [1]. Activated effector cells with different pheno- 
types and different functions could be thus responsible for 
the phenomenon we observed. 

However, other factors might well come into play. CY 
treatment could be effective in rendering the tumorous 
cells more vulnerable to the immune response effectors. 
This hypothesis could explain the highly synergistic effect 
of the combination of CY plus thymosin czl and IFN in 
curing 3LL tumor. In fact CY or the combination of thy- 
mosin ccl plus IFN alone, even if administered in an early 
phase, is able to inhibit tumor growth but not to cure it 
(data not shown). On the other hand, in our experimental 
model it seems unlikely that immunomodulating effect of 
CY could in itself play an important role in inducing tumor 
regression. In effect, the stimulation mechanism on the part 
of CY on the immune response, connected to the inhibition 
of suppressor cells, is obtained at lower dosages than the 
ones we used [28]. Even the described rebound phenome- 
non of the cytolytic activity that follows the treatment with 
CY [2] does not seem to be connected to the regression of 
the primary tumorous mass, considering that the rebound 
takes place at a moment that chronologically follows the 
effects we observed here. 

Together with the documented stimulation of NK ac- 
tivity by a combination of thymosin c¢1 and IFN [5, 6, 23], 
we must consider that thymosin czl alone is able to induce 
an evident maturation of T helper cells in vivo, and to 
stimulate interleukin-2 (IL-2) production and IL-2 receptor 
expression in vitro [8, 24, 29]. It has recently been demon- 
strated that killer cells activated by IL-2 with different 
methods tend to localize preferably in the tumorous area 
after chemotherapy treatment of animals and humans, and 
that a chemoimmunotherapeutic model consisting of CY 
and IL-2 administered in vivo exerts an evident antitumor 
action [3, 7, 12, 16, 20, 21]. Tumoricidal cells could be thus 
locally activated by IL-2 producing cells stimulated by 
thymosin Œ1. Moreover these mechanisms might explain, 
at least in part, the evident partial effectiveness of the 
treatment with CY and thymosin «1 alone. In fact some 
evidence for a certain antitumoral effect of thymosin and 
other thymic hormones has been reported in humans as 
well as in mice [4, 11, 17, 27]. Also in our experimental 
model, thymosin c¢1 alone, following CY, was able to exert 
a certain antitumoral effect; but this effect was much less 
evident when compared to that obtained in combination 
with IFN. 

In short, it is feasible that several mechanisms and 
several stimulated cellular effectors, may contribute to the 
powerful immune anti-tumorous action that is clearly ap- 
parent. Further studies are in progress in our laboratories to 
characterize fully the anti-tumorous cells stimulated by this 
new combination chemoimmunotherapy and to extend our 
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s tudies  to o ther  e x p e r i m e n t a l  t u m o r  mode l s ,  in o rder  to 
t ransfer  it to humans .  

Acknowledgements. We are very grateful to Dr. E. Zaottini for the histo- 
logical study. This work was supported by grant 88.03146.74 from the 
Italian National Research Council (CNR), Special Project A.I.D.S. 

References 

1. Bilik R, Mor C, Hazaz B, Moroz C (1989) Characterization of 
T-lymphocyte subpopulations infiltrating primary breast cancer. 
Cancer Immunol Immunother 28:143 

2. Bistoni F, Baccarini M, Blasi E, Pucetti P, Marconi P, Garaci E 
(1983) Correlation between in vivo and in vitro studies of the modu- 
lation of resistance to experimental Candida albicans infection by 
cyclophosphamide in mice. Infect Immun 40:46 

3. Cheever MA, Greenberg PD (1985) Adoptive cellular immunother- 
apy. In: Immunity to cancer. Academic Press, Orlando, p 453 

4. Cohen MH, Chretien PB, Ihde DC, Fossieck BE, Makuch R, Bunn 
PA, Johnston AV, Shackney SE, Matthews MJ, Lipson SD, Kenady 
DE, Minna JD (1979) Thymosin fraction 5 and intensive combina- 
tion chemotherapy prolonging the survival of patients with small-cell 
lung cancer. J Am Med Assoc 241:1813 

5. Favalli C, Jezzi T, Mastino A, Rinaldi-Garaci C, Riccardi C, 
Garaci E (1985) Modulation of natural killer activity by thymosin 
alpha 1 and interferon. Cancer Immunol Immunother 20:189 

6. Favalli C, Mastino M, Jezzi T, Grelli S, Goldstein AL (1989) Syn- 
ergistic effect of thymosin alpha 1 and alpha-beta interferon on NK 
activity in tumor-bearing mice. Int J Immunopharmacol 5:443 

7. Forni G, Giovarelli M, Santoni A, Modesti A, Forni M (1986) Tumor 
inhibition by interleukin-2 at the tumor/host interface. Biochim 
Biophys Acta 865:307 

8. Frasca D, Adorini L, Mancini C, Doria G (1986) Reconstitution of 
T-cell functions in aging mice by thymosin alpha 1. Immunopharma- 
cology 11:155 

9. Garaci E, Mastino A, Favalli C (1989) Enhanced immune response 
and antitumor immunity with combinations of biological response 
modifiers. Bull NY Acad Med 65:111 

10. Goldstein AL, Low TLK, Adoo M, McClure J, Thurman GB, Ros- 
sio G, Lay CY, Chang D, Wang SS, Harwey C, Ramel AH, Meien- 
hofer J (1977) Thymosin alpha 1: isolation and sequence analysis of 
an immunologically active thymic polypeptide. Proc Natl Acad Sci 
USA 74:725 

11. Goldstein AL, Schulof RS (1985) Thymosins in the treatment of 
cancer. In: Immunity to cancer. Academic Press, Orlando, p 469 

12. Griffith KD, Read J, Carrasquillo JA, Carter CS, Yang JC, Fisher B, 
Aebersold P, Packard BS, Yu MY, Rosemberg SA (1989) In vivo 
distribution of adoptively transferred indium-111-1abeled tumor in- 
filtrating lymphocytes and peripheral blood lymphocytes in patients 
with metastatic melanoma. J Natl Cancer Inst 81: 1709 

13. Hanna N (1986) In vivo activities of NK cells against primary and 
metastatic tumors in experimental animals. In: Immunobiology of 
natural killer cells. CRC Press, Boca Raton, Flq., p 1 

14. Herberman RB (1985) Natural killer (NK) cells: characteristics and 
possible role in resistance against tumor growth. In: Immunity to 
cancer. Academic Press, Orlando, p 217 

15. Herberman RB, Nunn ME, Lavrin DH (1975) Natural cytotoxic 
reactivity of mouse lymphoid cells against syngeneic and allogeneic 
tumors. I. Distribution of reactivity. Int J Cancer 16:216 

16. Hosokawa M, Sawamura Y, Morikage T, Okada F, Xu Z, Mori- 
kawa K, Itoh K, Kobayashi H (1988) Improved therapeutic effects of 
interleukin 2 after the accumulation of lymphokine-activated killer 
cells in tumor tissue of mice previously treated with cyclo- 
phosphamide. Cancer Immunol Immunother 26:250 

17. Klein AS, Lang R, Eshel I, Sharabi Y, Shoham J (1987) Modulation 
of immune response and tumor development in tumor-bearing mice 
treated by the thymic factor thymostimulin. Cancer Res 47:3351 

18. Lala PK, Santer V, Libenson H, Parhar RS (1985) Changes in the 
host natural killer cell population in mice during tumor development. 
I. Kinetics and in vivo significance. Cell Immunol 93:250 

19. Mihich E (1985) Relationships between chemotherapy and im- 
munotherapy: a brief overview. In: Rationale of biological response 
modifiers in cancer treatment. Excerpta Medica, Tokyo, p 105 

20. North RJ (1982) Cyclophosphamide-facilitated adoptive im- 
munotherapy of established tumor depends on elimination of tumor 
induced suppressor cells. J Exp Med 155:1063 

21. Papa MZ, Yang JC, Vetto JT, Shiloni E, Eisenthal A, Rosemberg SA 
(1988) Combined effects of chemotherapy and interleukin 2 in the 
therapy of mice with advanced pulmonary tumors. Cancer Res 48: 
122 

22. Punturieri A, Santoni A, Ming WJ, Nobili N, Mantovani A, Bot- 
tazzi B (1989) In vitro migration of rat large granular lymphocytes. 
Cell Immunol 123:257 

23. Serrate SA, Schulof RS, Leondaridis L, Goldstein AL, Sztein MB 
(1987) Modulation of human natural killer cell cytotoxic activity, 
lymphokine production, and interleukin 2 receptor expression by 
thymic hormones. J Immunol 139:2338 

24. Sztein MB, Serrate SA, Goldstein AL (1986) Modulation of interleu- 
kin 2 receptor expression on normal human lymphocytes by thymic 
honnones. Proc Natl Acad Sci USA 83:6107 

25. Trinchieri G, Perussia B (1984) Biology of disease. Human natural 
killer cells: biologic and pathologic aspects. Lab Invest 50:489 

26. Uchida A (1986) The cytolytic and regulatory role of natural killer 
cells in human neoplasia. Biochim Biophys Acta 865:329 

27. Umeda Y, Sakamoto A, Nakamura J, Ishitsuka H, Yagui Y (1983) 
thymosin alpha 1 restores NK-cell activity and prevents tumor pro- 
gression in mice immunosuppressed by cytostatics or X-rays. Cancer 
Immunot Immunother 15:78 

28. Wise JA, Mokyr MB, Dray S (1988) Effect of low-dose cyclo- 
phosphamide therapy on specific and nonspecific T cell-dependent 
immune response of spleen cells from mice bearing large MOPC-315 
plasmacytomas. Cancer Immunol Immunother 27:191 

29. Zatz MM, Oliver J, Samuels C, Skotnicki AB, Sztein MB, Goldstein 
AL (1985) Thymosin increases production of T cell growth factor by 
normal human peripheral blood lymphocytes. Proc Natl Acad Sci 
USA 81:2882 


