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Summary. PTT-119, a new synthetic alkylating com- 
pound, has shown a marked "in vitro" inhibitory effect 
on chronic myeloid leukemia (CML) granulo-monocytic 
precursors (CFU-GM) at doses greater than 5 pg/ml.  
Based on previous experiences of  synergistic associations 
between alkylating drugs and biological modifiers, we 
tested the effects of low doses of  PTT-119 (from 0.1 to 
1 pg/ml) in concert with alpha, gamma, or alpha + gam- 
ma interferons and compared to IFNs alone, in order to 
investigate an alternative choice for treatment of CML 
patients in chronic phase. Our results showed a signifi- 
cantly higher CFU-GM cloning inhibition after addition 
of  100 or 1,000 U/ml of  alpha IFN to 0.1 Ftg/ml PTT-119 
(from 39.6°70 _+ 26.6 SD to 80.7% + 10 SD and 91.5°70 
_+ 8 SD, respectively), while gamma IFN resulted in only 
a slight increase in colony growth inhibition when com- 
pared to the drug used alone. The association of  alpha 
plus gamma 1FN coupled with PTT-119 treatment did not 
significantly improve the results observed after exposure 
of  leukemic progenitors to PTT-119 and a lpha IFN alone. 
We conclude that a combined treatment with PTT-119 and 
IFN is probably worth testing both for purging methods 
before autologous bone marrow transplantation and for 
in vivo administration in chronic myeloid leukemia. 
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Introduction 

PTT-119, a new synthetic alkylating compound, has been 
shown to possess a marked antineoplastic activity in sev- 
eral " in  vivo" and "in vitro" experimental systems [4, 15, 
16, 17]; encouraging clinical results have been reported as 
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second or third line therapy of  lymphoproliferative ma- 
lignancies [6, 12]. 

In a prior study we showed that PTT-119 has a re- 
markable inhibitory effect on the growth of  colonies 
from granulocyte-macrophage progenitors (CFU-GM) of  
patients with P h l +  chronic myeloid leukemia (CML), 
albeit at doses that highly impare the growth of  normal 
CFU-GM [5]. The "in vitro" growth of  Phi + CFU-GM 
is also significantly inhibited by human recombinant 
alpha interferon (IFN), alone and in association with 
gamma IFN [2, 10, 11, 14]. Both IFNs are also clinically 
effective for treatment of  Phi + CML, where they induce 
a consistent proportion of  karyotypic conversions [10]. 

In light of  these results, we investigated the effects of  
the exposure of P h l +  CFU-GM to PTT-119 in combina- 
tion with alpha, gamma, and alpha + gamma IFN. 

Materials and methods 

CML cells. Leukemic cells were obtained from peripheral blood or 
bone marrow of 10 patients with Phl+ CML in chronic phase prior 
to any IFN treatment and at least 1 month after the administration 
of any antineoplastic drug. The samples were anticoagulated with 
preservative-free heparin; the mononuclear fraction was collected 
after sedimentation on Fycoll-Hypaque (Lymphoprep, Nyeegard, 
Norway). Residual T lyrnphocytes were removed from peripheral 
blood-derived samples by E rosette sedimentation as previously 
described [13] to less than 1% of the nucleated cells. 

Chemotherapeutic compound. PTT-119 [p-fluoro-phenyl-L-alanyl- 
3-m-bis-(2-chloroethyl) amino-phenylalanyl-methionine ethylester- 
hydrochloride] was provided by PROTER SPA research division 
Opera, Milan, Italy. The drug was prepared and diluted as described 
elsewhere [4]. Briefly, the drug was first dissolved in N,N dimethyl- 
acetamide, absolute ethanol and propylene glycol: the solution was 
diluted with 50°70 acqueous propylene glycol to 1 mg/ml and final 
dilutions were performed in culture medium. 

lnterferons. Recombinant human interferon gamma (1 x 107 U/mg) 
was supplied by Boehringer Ingelheim. Recombinant human inter- 
feron alpha 2a (3 x 106 U/mg) was supplied by Hoffman La Roche. 
Alpha and gamma IFNs were diluted with Iscove's Modified Dul- 
becco's Medium (IMDM) (Gibco Europe, Paysley, UK) to reach the 
final concentrations. 
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Cell cultures'. 1 × 105 CML ceils were plated in 35 mm Petri dishes 
in 1 ml of 0.9% methylcellulose and IMDM added with 1% bovine 
serum albumin (Sigma Chemicals Co., St. Louis, USA), 10% 
Foetal Calf Serum (Gibco) 100 U GM-CSF as source of colony 
stimulating activity and 5×10 -2 M 2-Mercaptoethanol. Parallel 
platings were made in each experiment finding a linear relationship 
between the number of cells (ranging from 0.25 x 105 to 5 x 105 cells) 
and the number of formed colonies. PTT-119 was added to the cul- 
ture medium at concentrations of 0.1, 0.5, and 1/~g/ml alone and 
in combination with alpha, gamma, and alpha + gamma IFN at 
concentrations of 100 and 1,000 U/ml. The appropriate concentra- 
tions of the vehicle for PTT-119 were given to the control dishes. A 
subset of experiments was made adding to the culture medium al- 
pha, gamma, alpha + gamma IFNs at concentrations of 100 and 
1,000 U/ml.  For each experiment a short-term incubation (120 rain) 
was performed, adding to the culture medium alpha IFN and PTT 
at the same doses. After incubation and two washings, cells were 
plated and incubated exactly as described for continuous exposure. 
In vitro PTT concentrations were based on a range corresponding 
to plasma concentrations achievable in patients [8]; IFN concentra- 
tions were based on extensive previous experimental work [14]. The 
dishes were incubated at 37°C in a fully humidified 5% CO2 
atmosphere. Colonies (more than 50 cells) were scored at day 14 
with an inverted microscope. Colony counts were given as the mean 
of triplicate counts. 

Statistical analysis. Analysis of variance for repeated measure- 
ments was performed for multiple comparisons of the percentage 
of surviving colonies (compared to controls) from cells treated with 
PTT-119 + IFN at different doses with the percentage of surviving 
colonies from cells treated with PTT-119 alone. In presence of sig- 
nificant values of " f " ,  the Least Significant Difference test was 
applied and p values less than 0.05 were rejected, 

er d r u g  c o n c e n t r a t i o n s  the  a s s o c i a t i o n  o f  a l p h a  I F N  d id  
n o t  cause  a s ign i f i can t  C M L  C F U - G M  growth  i n h i b i t i o n  
w h e n  c o m p a r e d  to  PTT-119 a lone ,  w i t h  on ly  o n e  excep- 
t ion :  0.5 ¢ t g / m l  PTT-119 plus  1,000 U / m l  a l p h a  I F N .  

T h e  e f fec t  o f  the  a s s o c i a t i o n  o f  PTT-119 a n d  g a m m a  
I F N  is r e p o r t e d  in Table  2. N o  s ign i f i can t  d i f fe rence  was 
seen c o m p a r i n g  the  c o m b i n a t i o n  w i t h  the  a lky l a t i ng  
agen t  a lone .  T h e  a s s o c i a t i o n  o f  a l p h a  p lus  g a m m a  I F N  
c o u p l e d  w i t h  PTT-119 showed  a m a r k e d  cy to tox ic  e f fec t  
(Table 3), b u t  this  d id  n o t  s ta t i s t ica l ly  d i f fe r  f r o m  the  in- 
h i b i t i o n  o b t a i n e d  af te r  t he  exposure  o f  C M L  C F U - G M  to 
PTT-119 c o m b i n e d  w i t h  a l p h a  I F N  a lone .  T h e  ef fec ts  o f  
I F N s  a l o n e  a n d  in a s s o c i a t i o n  are  s h o w n  in Table 4. T h e  
exposure  o f  C M L  C F U - G M  to  P T T  plus  a lpha  I F N s  for  
a shor t  p e r i o d  (120 min )  c o n f i r m e d  the  d a t a  o b t a i n e d  
wi th  c o n t i n u o u s  exposure  even wi th  s l ight ly  r educed  cyto-  
toxic  ac t iv i ty  (see Table 5), 

Table 2. Inhibition of CML CFU~GM growth in cultures treated 
with increasing concentrations of PTT-119 and of gamma IFN a 

Treatment Colony forming P 
inhibition a 

PTT-119 (0.1 btg/ml) 39.6 ± 26.6 

+ Gamma IFN 100 U/ml  54.0 ± 27.1 NS 
+ Gamma IFN 1,000 U/ml  66.4 ± 28 NS 

PTT-119 (0.5 ¢tg/ml) 70.2 ± 19.3 

+ Gamma IFN 100 U/ml  76.9 +_ 18.6 NS 
+ Gamma IFN 1,000 U / m l  80.3 _~: 20.5 NS 

PTT-119 (1 /zg/ml) 81.2 ± 17.3 

+ Gamma IFN 100 U/ml  87.1 ± 14.3 NS 
+ Gamma IFN 1,000 U/ml  87.7 ± 14.6 NS 

a See Table 1 for technical details 

Results 

In  Table  1 we r e p o r t  t he  ef fec ts  o f  t he  a d d i t i o n  o f  a l p h a  
I F N  to PTT-119 at  d i f f e ren t  c o n c e n t r a t i o n s ,  T h e  cy to tox ic  
ac t iv i ty  o f  the  lowest  dose  o f  PTT-119 was s ign i f i can t ly  
inc reased  by t h e  a d d i t i o n  o f  a l p h a  I F N  (P  < 0.025 a n d  
P < 0.01 wi th  100 a n d  1,000 U / m l  respect ive ly) .  A t  h igh-  

Table 1. Inhibition of CML CFU-GM growth in cultures treated 
with increasing concentrations of PTT-I19 and of alpha IFN. Colo- 
nies were scored at day 14 (mean of triplicate counts) 

Treatment Colony forming P 
inhibition a 

PTT-119 (0.1 /~g/ml) 39.6 ± 26.6 

+ Alpha IFN 100 U/ml  80.7 ± 10 < 0.025 
+ Alpha IFN 1,000 U/ml  91.5 ± 8 < 0.01 

PTT-119 (0.5 pg/ml)  70.2 _+ 19.3 

+ Alpha IFN 100 U/ml  87.1 ± 11.8 NS 
+ Alpha IFN 1,000 U/ml  95.4 +_ 5.5 < 0.05 

PTT-119 (1/tg/ml)  81.2 ± 17.3 

+ Alpha IFN 100 U/ml  91.6 ±_ 15A NS 
+ Alpha IFN 1,000 U/ml  95.7 + 8.6 NS 

a The numbers are expressed as mean _+ SD of  percentage of col- 
ony growth inhibition in comparison with control cultures. Abso- 
lute number is 184 ± 21 SDXl05 cells plated (set at 100%; mean 
of 10 experiments) 

Table 3. Inhibition of CML CFU-GM growth in cultures treated 
with increasing concentrations of PTT-119 and alpha plus gamma 
IFN a 

Treatment Colony P 
forming 
inhibition a 

PTT-119 (0.1 pg/ml) 39.6 _+ 26.6 

+ Alpha plus gamma IFN 200bU/ml 82.6 + 15 < 0.025 
+ Alpha plus gamma IFN 2,000UU/ml 93.8 ± 10 < 0.005 

PTT-119 (0.5 pg/ml) 70.2 ± 19.3 

+ Alpha plus gamma IFN 200bU/ml 86.7 ± 17 NS 
+ Alpha plus gamma IFN 2,000bU/ml 95.8 _+ 6.1 < 0.05 

PTT-119 (1 pg/ml) 81.2 ± 17.3 

+ Alpha plus gamma IFN 200bU/ml 91.2 ± 16.4 NS 
+ Alpha plus gamma IFN 2,000bU/ml 97.1 ± 6.6 NS 

a See Table 1 for technical details 
b 200 = 100 alpha + 100 gamma IFN units; 2,000 = 1,000 alpha 

+ 1,000 gamma IFN units 
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Table 4. Inhibition of CML CFU-GM growth in cultures treated 
with IFN alone 

Treatment Colony forming 
inhibition a 

Alpha IFN 100 U/ml 29 _+ 18 
Alpha IFN 1,000 U/ml 40 _+ 23 
Gamma IFN 100 U/ml 18 _+ 16 
Gamma IFN 1,000 U/ml 36 _+ 15 
Alpha + gamma IFN 200 b U/ml 50 _+ 19 
Alpha + gamma IFN 2,000 u U/ml 84 _+ 16 

a See Table 1 for technical details 
b See Table 3 

Table 5. Inhibition of CML CFU-GM growth in cultures treated 
for 120 minutes with increasing concentrations of PTT-119 and 
alpha 1FN a 

Treatment Colony forming 
inhibition a 

PTT-119 (0.1 ltg/ml) 15 _+ 10.6 

+ Alpha IFN 100 U/ml 40.1 _+ 13 
+ Alpha IFN 1,000 U/ml 51.3 _+ 11 

PTT-119 (0.5 gg/ml) 22.1 _+ 12 

+ Alpha IFN 100 U/ml 69.2 _+ 15 
+ Alpha IFN 1,000 U/ml 70.3 _+ 12 

PT-119 (1 ltg/ml) 31.1 + 16.6 

+ Alpha IFN 100 U/ml 69.6 + 12 
+ Alpha IFN 1,000 U/ml 72.1 + 14 

t ion,  a few clinical  cases received benef i t  f rom the asso-  
c ia t ion  o f  a lpha  I F N  and  hydroxyurea .  

PTT-119, which demons t r a t ed  def ined  " i n  v i t ro"  ef- 
fects on  C M L  cell growth,  could  have a role, in associa-  
t ion with IFNs ,  in the  t r ea tment  o f  this disease. We there-  
fore s tudied  the " i n  v i t ro"  growth o f  fresh C M L  cells 
f rom 10 pa t ien ts  af ter  add i t i on  o f  PTT-119 a lone  or  asso-  
ciated with a lpha ,  g a m m a  and  a lpha  + g a m m a  IFN.  A 
s ignif icant  increase in the  inh ib i to ry  act ivi ty  o f  the a lky-  
la t ing c o m p o u n d  was seen af ter  add i t i on  o f  a lpha  IFN,  
at doses that ,  i f  used alone,  p roduce  a very slight inhibi -  
t ion  o f  C M L  cell growth  (29% and  40% with 100 and  
1,000 U / m l  o f  a lpha  IFN,  18 and  36°70 with 100 and  1,000 
U / m l  o f  g a m m a  IFN)  [14]. The effect o f  the  assoc ia t ion  
was evident  at  concen t ra t ions  o f  PTT-119 (0.l  p g / m l )  well 
below the levels achievable in m a n  [8]. These observa t ions  
suggest  tha t  the  c o m b i n a t i o n  o f  the a lky la t ing  t r ipep t ide  
PTT-119 and  a lpha  I F N  could  have a role bo th  in vivo, in 
the  m a n a g e m e n t  o f  pa t ien ts  affected by C M L  in chronic  
phase  where they are scarcely responsive to IFNs  alone,  
and  in vitro, for  mar row purging  of  C M L  before  au to log-  
ous bone  mar row t ransp lan ta t ion .  
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a See Table 1 for technical details. Numbers exposed as means 
_+ SD of percentage of colony growth inhibitors in comparison 
with control cultures. Absolute number is 207 _+ 18x10 ~ cells 
plated (set at 100%; mean of 10 experiments) 

Discuss ion  

Recombinan t  a lpha  I F N  is current ly  undergo ing  experi-  
menta l  and  cl inical  eva lua t ion  regarding its effects on 
C M L  [2, 10, 11, 14]. P re l iminary  " i n  v i t ro"  and  " i n  v ivo"  
da ta  show a defini te  act ivi ty  o f  a lpha  IFN,  resul t ing in 
pa r t i a l  or  comple te  karyo typ ic  conversion or  in cont ro l  o f  
the disease [9, I0]. However, a cons iderable  subset  o f  
pat ients  is not  con t ro l led  by a lpha  I F N  as single therapy.  
As  a consequence,  I F N  therapy  mus t  be assoc ia ted  or  
subst i tu ted by o ther  drugs affect ing C M L  pro l i fe ra t ion  
(e.g. hydroxyurea ,  a lky la t ing  agents).  The  ra t iona le  o f  
these assoc ia t ions  is based  on several exper imenta l  results 
and  on a few " i n  v ivo"  data .  Extensive exper imenta l  
evidence suggests synergistic act ivi ty  o f  the  assoc ia t ion  o f  
a lpha  + g a m m a  IFN,  with a few " i n  v ivo"  con f i rma t ions  
[2, 14]. Fur the rmore ,  the cytotoxic effects o f  b leomycin ,  
c isplat in,  5 f luorouraci l ,  doxorubic in  and  Co 60 g a m m a  
rays were enhanced  by  concomi t an t  app l i ca t ion  o f  be ta  
I F N  [3,7]. S imilar  results were ob ta ined  by combin ing  
new anthracycl ine  ana logues  with a lpha  I F N  [1]. In  add i -  
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