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Summary. The cancericidal efficacy of a new synthetic tripeptide 
was demonstrated using both in vitro cuhures and in vivo 
tumorigenic assays. The antitumor agent PTT.119 
(p-F-Phe-m-bis-(2-chloroethyl)amino-Phe-Met ethoxy HC1) 
was highly effective against three virulent murine tumor models: 
the L1210 leukemia, MJY-alpha mammary tumor and B16 
melanoma. Treatment of tumor cells for periods as short as 
15 rain to 4h  with concentrations of 1 -50  gg PTT.I19/ml 
irreversibly reduced tumor cell viability, as evidenced by vital 
dye exclusion and abrogation of tumor .formation and prolon- 
gation of  host survival. Examination of the sensitivity of mice to 
PTT.119 revealed that the in vitro antitumor activity of the 
synthetic tripeptide was exerted at concentrations easily attain- 
able and well tolerated in vivo. 

Introduction 

Derivatives of mechlorethamine (nitrogen mustard) comprise 
a family of chemotherapeutic agents developed from the basic 
concept of targeted delivery of cytolytic molecules to selected 
neoplastic cells. Numerous compounds containing the 
bis-(2-chloroethyl)amino bifunctional alkylating group cou- 
pled to peptides (di-, tri-, tetra-, penta-), polymers, and 
copolymers of amino acids have been synthesized [8, 26]. 
Several of these dervatives, including L-phenylalanine mustard 
(L-PAM) and a synthetic mixture of six (tri-, tetra-, and penta-) 
peptides each containing the meta structural isomer of 
L-phenylalanine mustard, m-sarcolysin (m.L.SL), have shown 
therapeutic activity against a variety of human and experi- 
mental cancers [1, 8, 14, 21]. 

Recently we reported the cancericidal activity of a new 
synthetic tripeptide (p-fluoro-phenylalanyl-m-bis-(2-chloro- 
ethyl) amino-L-phenylalanyl-methionineethoxyhydrochloride), 
PTT.119, against a broad spectrum of virulent leukemia, 
lymphoma, mammary tumor, and melanoma cells [31]. Our in 
vitro systems demonstrated the ability of PTT.119 to induce a 
dose-dependent, irreversible loss of murine, primate, and 
human cancer cell survival. We have continued our evaluation 
of the therapeutic potential of this synthetic tripeptide by 
assessing the tumorigenicitiy of L1210 leukemia, MJY-alpha 
mammary tumor, and B16 melanoma cells exposed to 
PTT. 119. These studies, which are reported here, demonstrate 
that treatment with physiological dosages of PTT.119 effec- 
tively reduce or completely eliminate tumorigenicity of the 
tumor cells. 

Reprint requests should be addressed to Mary Jane Yagi 

Materials and methods 

Cell cultures. The epithelial BALB/cfC3H mammary tumor 
cell line, MJY-alpha, was utilized between the 25th and 65th in 
vitro subcultures [30]. The growth medium used was 
RPMI-1640 supplemented with 18% fetal bovine serum, 
10 ~M bovine insulin, and antibiotics [30]. 

B16 melanoma cultures were established from transplant- 
able tumors maintained in syngeneic C57BL/6Jx mice. Mela- 
nomas from three to five donors were cultured as explants 
using minimal essential medium containing D-valine and 
Earle's salts supplemented with 20% calf serum and anti- 
biotics. Confluent cultures were subsequently passaged as 
single-cell suspensions using saline-trypsin-versene (STV) [30]. 
Two 4- to 12-month-old B16 cell cultures were used between 
their 13th and 45th in vitro passages. 

Primary L1210 leukemia cell suspensions were initiated 
from ascitic DBA/2- Ha mice or their fl hybrid, BDF 1 (BALB/c 
x DBA/2) [3]. Leukemic cells separated on Ficoll-Hypaque 
gradients were > 98% viable by trypan blue exclusion. 
Suspension cultures were maintained in RPMI-1630 containing 
10% fetal bovine serum and antibiotics. 

Cultures were incubated at 37°C in a humidified atmo- 
sphere of 5% CO2 in air and were routinely checked for 
contamination [30]. 

Chemotherapeutic compound. PT1".119 or p-•-fluoro-phenyl- 
alanyl-m-bis-(2-chloroethyl) amino-L-phenylalanyl-L-methio- 
nine ethoxy hydrochloride [31] (molec. wt 666.1 g) was 
provided by Proter S.p.A. Research Division, Via Lambro 38, 
Opera Italy (patent pending). PTT.119 was dissolved in N,N 
dimethyl acetarnide, absolute ethanol, and propylene glycol 
(1 : 1 : 2). Prior to use, the tripeptide was diluted to 2 mg/ml 
with 50% aqueous propylene glycol, and further dilutions of 
PTT. 119 for in vitro treatment of tumor cells were made in the 
appropriate cell culture media containing serum. Control 
cultures were treated with equivalent volumes of solvent. 
Dilutions of PTT.119 for the in vivo studies were made with 
sterile saline containing 5% glucose. 

Treatment of tumor cell suspensions. Single-cell suspensions of 
MJY-alpha mammary tumor cells and B16 melanomas were 
obtained by trypsinization of confluent cell layers using STV. 
Trypsinized tumor cells and L1210 leukemia cells were 
pelleted, resuspended, and incubated in their appropriate 
growth media for 30 min at 37°C prior to treatment. 
Concentrations of all tumor cell suspensions were adjusted to 
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1 x 106 cells/ml. Cells were exposed to 1 -50  ~tg PTT.119/ml 
for 0.25, 0.5, 1.2 and 4 h, after which treatment media were 
removed by centrifugation at 200 g for 9 min at 5 ° C, Cells were 
gently washed twice in cold media, and divided into two 
aliquots for resuspension in serum-free media for the in vivo 
bioassay or in complete growth media for in vitro cul- 
tures. 

In vitro tumor cell survival, In vitro cultures of treated 
MJY-alpha and B16 tumor cells were accomplished in 
four-well Nuclon Multidishes using a seeding density of 2 - 2 . 2  
x 105 cells/2-cm 2 well based on the initial tumor cell 
concentration before PTT. 119 treatment. L1210 leukemia cells 
were maintained as suspensions at a concentration of 1 x 106 
cells/ml. Media of all cultures were changed daily. 

Tumor cell viabilities were determined immediately after 
PTT.119 treatment and daily over the following 7 days using 
trypan blue exclusion [11, 20]. MJY-alpha mammary tumor 
cells and B 16 melanoma cells were released from the substrate 
with 0.5 ml STV and diluted 2- to 10-fold with the vital stain. 
L1210 cell suspensions were directly mixed (1 : 1) with the 
trypan blue dye and counted. Viable tumor cells excluding 
trypan blue were enumerated in each sample by counting all 
fields of the hemocytometer,  and the values from replicate 
cultures were averaged. Percentages of viable cells from 
PTI' .119-treated cultures were determined by direct compar- 
ison of the numbers of these cells excluding trypan blue with 
those in untreated or solvent-treated parallel cultures. Via- 
bilities were similar in cells treated with varying concentrations 
of solvent and untreated cells, and consequently the numbers 
of control cells represent averages of the two experimental 
controls. 

Bioassay of tumorigenicity. Suspensions of PTT.119-treated 
and untreated MJY-alpha mammary tumor, B16 melanoma, 
and L1210 leukemia cells were adjusted to yield 1 x 107 
cells/ml based on tumor cell concentrations prior to PTT.119 
exposure. Tumor cells were inoculated into syngeneic hosts at 
a concentration of 1 x 106 cells in 0.1 ml. Female BALB/c/Crgl 
recipients of MJY-alpha mammary tumor cells and male 
C57BL/6/Jx hosts receiving B16 melanoma cells were inocu- 
lated SC; BDf 1 mice were given IP injections of L1210 cells. 
All  SC tumors were measured along their long and short axes 
every 1 - 3  days; tumor size is reported as the product of the 
two measurements (mm2). The examination periods for mice 
receiving L1210, MJY-alpha, and B16 tumor grafts were 45, 
80, and 85 days, respectively. All  mice were autopsied at the 
time of death or sarcrifice. 

Maximum tolerable dosage of PTT.119. In vivo effects of 
PTT. 119 were assessed in male BDf 1 and female AKR/Jx mice. 
Groups of 10-25 animals received an IP injection of solvent, 
or of PTT.119 at dosages of 10, 12.5, 15, 17.5, 20, 25, and 
30mg/kg. These doses are equivalent to 35-105mg/m 2, 
calculated using the formula (dose in mg/m 2) - (km)i x (dose 
in mg/kg), where (km)i is the conversion factor based on the 
body weight of the mouse [12, 16, 23]. Mice were weighed 
every 1 - 3  days, and toxic effects and mortality monitored up 
to 1 month after treatment to determine the LD10 and 
LDs0 [26]. 

Cell culture reagents and chemicals. Cell culture media, sera, 
and components for STV were obtained from Grand Island 
Biological Company, Grand Island, NY. Bovine insulin was 

purchased from California Biochemical Co., La Jolla, CA, and 
penicillin and streptomycin from Eli Lilly and Co., Indiana- 
polis, IN. Ficoll-Paque for L1210 cell separation was obtained 
from Pharmacia Fine Chemicals, Piscataway, NJ. 

Results 

In vivo bioassays 

The cancericidal efficacy of PTT.119 was determined by 
assessing the in vivo tumorigenicity of cells treated in vitro with 
the new synthetic tripeptide. Single-cell suspensions of the 
mouse mammary tumor virus-induced MJY-alpha mammary 
tumor, the spontaneously arising B16 melanoma, and the 
MCA-induced L1210 leukemia were exposed to 1 -50  ~tg 
PTT.119 for 0 . 2 5 - 4 h .  Cells were then washed and either 
inl'ected into recipient syngeneic mice or maintained in in vitro 
cultures. Immediately following PTT.119 treatment no signif- 
icant decreases in MJY-alpha and B16 tumor cell viabilities 
were observed; compared with untreated controls or cells 
treated with solvent, 90%-100% of the cells from every 
t rea tment  schedule excluded trypan blue. L1210 leukemia ceils 
were more susceptible to PTT.I19, and tumor cell viabilities 
declined appreciably after exposure to tripeptide concentra- 
tions of 25 ~g/ml for longer than 1 h, or 10 ~tg/ml for at least 
4h .  

Bioassays of PTT.119-treated tumor cells demonstrated 
that exposures as short as 15 min caused reductions in the 
tumorigenicity of the cells ranging from inhibition to complete 
elimination of tumor growth. The data presented in Fig. 1 
show that the L1210 leukemia cells were the most susceptible 
to the cancericidal activit z of the tripeptide. Concentrations as 
low as 5 and 10~tg PTT,119/ml effectively abrogated the 
leukemogenicity of the L1210 cells, and all recipient mice 
receiving L1210 cells treated with 5 ~tg/ml for 2 h, or 10 ~g/ml 
for 30 rain or longer, remained free of tumor. The synthetic 
tripeptide effectively reduced the population of L1210 cells 
capable of proliferation to zero, since in our laboratory the 
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Fig. l .  In vivo tumorigenicity of L1210 leukemia, MJY-alpha 
mammary tumor, and B16 melanoma treated with 1-50~tg 
PT£. 119/ml. Tumor cells were treated for 15 rain to 4 h, washed, and 1 
x 106 grafted into syngeneic hosts. Percentage of tumor-free recipients 
was determined on days 45 (L1210), 80 (MJY-alpha), and 85 (B16) 
after implantation. Values represents average of two experiments each 
performed with groups of 10-15 mice 
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Table 1. Mean survival time (MST) of syngeneic recipients of 
PTT.119-treated tumor cells 

Tumor cell a PTF.119 MST (days) 
(~g/ml) 

Treatment period (min) 

15 30 60 120 240 

L1210 leukemia 0 10 10 10 10 - 
1 10 10 11 13 - 
5 13t 21?* 32t* T F  b - 

10 8? TF TF TF - 
25 TF TF TF TF - 

MJY-alpha 0 - 42 42 42 - 
mammary tumor 5 - - 52* 43 - 

1 0  - 44 46 61" - 

2 5  - 56?* TF TF - 
50 - TF TF TF - 

B-16 melanoma 0 - 28 28 28 28 
5 - - 31 33* 41" 

10 - 35* 35?* 35* 45]'* 
25 - 52?* 68?* 65?* TF 
50 - TF TF TF TF 

a Tumor cells were treated with PTT.119 in vitro, washed and 
implanted into syngeneic hosts. Numbers of surviving animals were 
quantitated every 2 days. All values are MST of animals who died of 
tumor and each represents the average of two experiments each with 
groups of 10-15 mice 

b TF, tumor-free 
* P < 0.001 
t Group also contained tumor-free animals 

LD100 of this tumor  system is a single cell in DBA/2 or BDfl  
hosts. To ascertain whether  the recipients '  immune responses 
were elicited against the t r ipeptide-treated leukemia cells, 
BDfl  mice which had survived unsuccessful grafts of 
PTT.19-treated L1210 leukemia cells for 45 days were 
challenged with a second graft of 1,000 untreated L1210 cells. 
Compared  with control hosts, there were no differences in the 
leukemogenesis  of L1210 cells in these recipients. All  mice 
died of tumor  on days 12 and 13, demonstrat ing that 
implantat ion of L1210 cells t reated with tr ipeptide did not 
protect  the hosts against future grafts. 

Loss of tumorigenicity of MJY-alpha mammary  tumor and 
B16 melanoma tumor  cells was also apparent following 
tr ipeptide t rea tment  (Fig. 1). In both tumor  systems, complete  
absence of tumor  growth was observed in recipients of 106 cells 
t reated with PTT.119 concentrations of 25 ~tg/ml or higher for 
3 0 - 2 4 0  min. Exposure  to PTT.119 reduced the viable popu- 
lation of MJY-alpha  and B16 tumor cells by at least 99.9%, 
since their LD100 doses are 100 viable cells. A t  lower PTF.119 
dosages where complete  elimination of L1210 leukemia,  
MJY-alpha  mammary  tumor  and B16 melanoma tumorigenic- 
ity were  unattainable significant extensions of the mean 
survival t ime (MST) of the recipient mice were observed 
(Table 1). B D f  I mice receiving L1210 leukemia cells t reated 
with 5 ~tg PTT.119 for 30 or 60 min had an ILS of 110% and 
220%, respectively. Similarly, the MSTs of B A L B / c  mice that 
received implants of 106 MJY-alpha  mammary  tumor ceils or 
C57BL/6 mice receiving 106 B16 melanoma cells t reated with 
5 - 2 5  ~tg PTT.119/ml were  extended significantly beyond the 
42 or 28 days, respectively, observed in the control hosts. 
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Fig. 2. Average tumor size of MJY-alpha mammary tumor cells or B16 
melanoma implanted SC into BALB/c and C57BL/6 mice, respec- 
tively, as a function of time after implantation. Tumor cells (106) were 
treated for 2 h with 0 (0  O), 5 (x x), 10 ( O - - - O ) ,  25 
(A A), and 50 (11- - - I I )  ~tg PTT.119/ml, washed, and grafted. 
Tumor areas were determined and the values given represent the 
means of tumor sizes in 25-40 animals per group 

Assessment  of tumor  growth rates of SC-implanted 
MJY-alpha  mammary  tumor  and B16 melanoma cells revealed 
increases in the initial lag period be tween inoculation of tumor 
cells and presence of palpable tumors. In both solid tumor 
model  systems the rate of tumor appearance was inversely 
related to the dosage of PTT.119 exposure (Fig. 2). However ,  
the tr ipeptide did not  alter tumor  progression once the graft 
was established; tumor  growth rates of untreated and 
PTT.119-treated MJY-alpha  and B16 cells were identical, and 
the maximum size of the tumor  at the t ime of death of the hosts 
remained unchanged.  This indicated that the tr ipeptide did not  
alter the kinetics of tumor  cell proliferation, nor did it appear 
to be selectively cytotoxic for one subpopulation of tumor  
cells. 

Sensitivitiy o f  mice to PTT.119 

To assess whether  the effective cancericidal concentrations of 
PTT.119 found in the bioassays were attainable in vivo, mice 
were given a single IP inoculation of  the tripeptide. Demon-  
strable P T I ' . l l 9  toxicity required administration of high 
concentrations of the synthetic tripeptide. All mice tolerated 
doses of 52.5 mg/m 2 (15 mg/kg) with no observable signs of 
discomfort or pathologies. B D F  1 males which have been 
previously shown to be very sensitive to alkylating agents 
tolerated 61.25 mg PTT.119/m 2 (17.5 mg/kg; LD10), whereas 
this dose increased to 74 .6mg/m 2 (21.3 mg/kg) in A K R  
females. The  LDs0 for male B D F  1 mice was 81 .6mg/m 2 
(23.3 mg/kg) and an LDs0 of 93.5 mg/m 2 (27mg/kg) was 
recorded for female A K R  mice. 

In vitro survival o f  PTT.119-treated tumor cells 

The reversibility of the cancericidal activity of PTT.119 on 
L1210 leukemia,  MJY-alpha  mammary tumor,  and B16 
melanoma cells was also moni tored  in the nonhosti le tissue 
culture envi ronment  in parallel to the in vivo bioassays. 
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Fig. 3. In vitro viability of L1210 leukemia cells following 15, 30, and 
60 rain treatment with 1 (0  0),  5 (x x), 10 (O 0),  
and 25 (A A) l~g PTT.119/ml. L1210 cell suspensions contained 
1 x 106 cells at the time of treatment. Viability was determined for 
7 consecutive days. Data are the means of at least 40 evaluations; 
standard deviations were less than 11% 

D A Y S  F O L L O W I N G  P T T I I 9  T R E A T M E N T  

Fig. 5. In vitro viability of B 16 melanoma cells following 60-, 120-, and 
240-rain exposure to 5 (x x), 10 (O O), 25 (A A), 
and 50 ( I  I )  Fg PTT.119/ml. B16 cells were treated at a 
concentration of 1 x 106, washed, and seeded at 2.2 x 105 cells/2 cm 2, 
and viability determined for 7 consecutive days. Data represent means 
of at least 20 evaluations; standard deviations were less than 13% 
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Fig. 4. In vitro viability of MJY-alpha mammary tumor cells following 
30-, 60-, and 120-rain exposure to PTT.119 at concentrations of 5 
(x x),  10 (O O), 25 (A A), and 50 (11 I )  
~g/ml. Cells were treated at 1 x 106 cells/ml and were then seeded at 
2 x 10 s cells/2 cm 2 following washing. Viability was determined daily 
for 7 consecutive days. Data represent means of at least 25 evaluations; 
standard deviations were less than 13% 

Significant reductions in tumor  cell survival were observed in 
vitro when the L1210 leukemia  (Fig. 3), MJY-alpha  mammary  
tumor  (Fig. 4), and B16 melanoma (Fig. 5) tumor  cells were 
observed 24 h following tr ipeptide exposure and for the next 
6 days. 

Longitudinal  determinat ion of tumor cell viabilities 
demonst ra ted  that cytolysis continued to increase days after 
PTT.119 t rea tment  and also revealed the repopulat ion of 
tumor  cell cultures t reated with low concentrations of the 
tripeptide. A step-wise gradation in cytolysis with increasing 
concentrat ions of PTT. 119 was observed in the in vitro survival 
curves of the three tumor cell systems. A t  any dose of 
PTT.119, tumor  cell survival also decreased when the 
t rea tment  periods were  lengthened,  although the L1210, 
MJY-alpha,  and B16 cells were refractory to these duration- 
related changes at several low concentrations of the tripeptide. 
These apparent  refractory phases were  observed at concen- 
trations of 10 and 25 t~g PTT.119/ml in MJY-alpha and B16 
cells and at 1 and 5 Ixg tr ipeptide/ml in L1210 leukemia 
cultures. 

D i s c u s s i o n  

Our in vitro and in vivo bioassays have demonstrated that the 
new synthetic tr ipeptide PTT.119, containing an amino acid 
analog, p-fluoro-I.-phenylalanine at the amino-group and 
L-methionine ethylester at the carboxyl end of m-sarcolysin, 
has strong cancericidal potency against three virulent tumor 
models.  Brief  exposures as short as 15 min to 2 h to PTT.119 
were sufficient to reduce the viable cell populat ion of 
MJY-alpha  mammary  tumor,  B16 melanoma and L1210 
leukemia  cells by 99.9% - 1 0 0 % .  The in vitro doubling times of 
these tumor  cells were approximately 16 -21  h and our use of 
asynchronous cultures ensured that tumor  cell populations 
would be comprised of cells in all phases of replication. As a 
consequence,  th tr ipeptide-induced abrogation of tumor cell 
proliferat ion and tumorigenicity was independent  of the 
replicative phase of the tumor  cells at the t ime of exposure.  
PTT.119's  lack of cycle specificity is characteristic of other  
alkylating compounds  which exert  their greatest effects as the 
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drug-containing cells enter into the S phase [6]. This suggests 
that when PTF.119 is administered in vivo all neoplasic cells 
exposed to the tripeptide would be at risk. 

The cancericidal activity of PTT.119 was solely attribut- 
able to its ability to directly inhibit tumor cell proliferation. 
Reductions in the numbers of viable tumor cells resulted in 
lengthening of the lag phases between implantation of 
PTT.119-treated cells and the appearance of measurable 
tumors. The irreversible nature of the interaction between the 
synthetic tripeptide and tumor cells was manifested by the 
significant increases in mean survival times of the hosts and the 
complete prevention of tumor growth. The tripeptide did not 
appear to affect the rate of cellular proliferation or tumor 
progression. PTT. 119 also did not alter the susceptibility of the 
host to the lethal tumor, nor did it appear to change the 
antigenicity of the treated tumor cells. 

PTT.119 was more cancericidal to L1210 leukemia cells 
than to either of the two tumor cell lines derived from an 
adenocarcinoma and a melanoma. The enhanced susceptibility 
of leukemic cells was evident when tumor cell survival was 
determined either in vivo or by in vitro cultivation of 
PTT. 119-treated cells. The differences were not a reflection of 
fluctuations of cellular proliferation since the generation times 
of the three tumor cell types were similar [10, 27]. Neoplastic 
cells of different histological origins have inherent degrees of 
sensitivity or resistance to chemotherapeutic agents, including 
bifunctional alkylators. Lethality of these latter class of agents 
is also related to general metabolic parameters of the cells, 
including uptake/transport [4, 5, 24, 28, 29], intracellular 
retention/efflux [2, 15, 19], and rate of repair of lesions 
resulting from alkylation of cellular components, particularly 
DNA [22, 25, 27, 28]. The role of these metabolic factors in 
PTT.119 cytolytic activity is curently under investigation. 

In vitro determination of tumor cell viability following 
PTT.119 treatment was effective in predicting in vivo tumor- 
igenicity of the cell population. The best correlation occurred 
when PTT.119 reduced tumor cell survival in vitro to less than 
1% of control within the 7-day period; such tumor cells were 
unable to produce tumors in mice. Minimal decreases in tumor 
cell survival or repopulation of the in vitro cultures after 
PTT.119 exposure correlated with successful tumor grafts. No 
clear association between viability in vitro and tumorigenicity 
could be established between these two extremes. 

The efficacy of this cancericidal compound, PTT.119, as a 
chemotherapeutic agent is currently under evaluation. Our 
studies of the sensitivity of mice to PTT. 119 have indicated that 
the tripeptide has a lower toxicity than other alkylators 
containing a bis(2-chloroethyl)amino-L-phenylalanine moiety. 
The tripeptide had no observable toxic effects at doses of 
52.5 mg/m 2 (78.8 ~M/m2), and the maximum tolerable doses of 
PTT.119 in male and female mice were 61.3-74.6mg/m 2 
(92-112 ~M/m2). These doses are higher than the historical 
values for L-phenylalanine mustard (L-PAM) in mice of the 
same strains; the LD10 and LDs0 are 52.4gM/m 2 and 
73.4 ~tM/m 2, respectively [13, 18, 26]. This is particularly 
significant since our previous study [31] demonstrated that 
PTT.119 was 1.5- to 9-fold more cancerieidal than L-PAM 
when tested against in vitro tumor systems, and suggests that 
the in vivo therapeutic index of the tripeptide would also be 
greater. 

Calculation of the hypthetical in vivo doses of PTT.119 
which would have to be administered to obtain the levels of 
tripeptide equivalent to those demonstrated to be effective in 
vitro suggest that concentrations of 5 -25  ~tg PTT. 119/ml could 

be achieved [9]. Assuming PTT. 119 is uniformly distributed in 
the plasma fraction, as has been demonstrated for other 
bis-(2-chloroethyl)amine derivatives [8, 27], an adult mouse 
whose blood volume is approximately 280 ml/m 2 [7, 17] would 
require minimum dosages of 0.77-3.85 mg/m 2. Using the 
standard prediction that only 10% of the administered drug 
would reach the plasma, the doses needed to achieve plasma 
levels of 5 -25  ~g PTT.119/ml would be 7 .7-38.5mg/m 2 
(11.6-57.8 ~tM/m2). These levels are below the well tolerated 
dose observed and are substantially less than the maximum 
tolerable dose for mice. These doses are thus realistic in terms 
of the concentrations that should be attainable in vivo and 
indicate that PTT. 119 should be an effective chemotherapeutic 
agent when administered to a tumor-bearing host. 

Acknowledgements. This work was generously supported by the T. J. 
Martell Foundation for Cancer and Leukemia Research. 

References 

1. Batelli T, Bonsignori M, Lombardi R, Manocchi P, Perilli A 
(1976) Treatment of neoplasia of the bladder with topical 
application of a synthetic peptide complex preparation: Prelim- 
inary results. Curr Med Res Opin 4:189 

2. Begleiter A, Grover J, Goldenberg GJ (1982) Mechanism of efflux 
of melphalan from L5178Y lymphoblasts in vitro. Cancer Res 
42 : 987 

3. Bekesi JG, Roboz JP, Holland JF (1977) Immunotherapy with 
neuraminidase-treated murine leukemia cells after cytoreductive 
therapy in leukemic mice. Fogarty International Center Proceed- 
ings 28 : 219 

4. Brox LW, Gowans B, Belch A (1980) n-Phenylalanine mustard 
(melphalan) uptake and cross-linking in the RPMI 6410 human 
lymphoblastoid cell line. Cancer Res 40:1169 

5. Byfield JE, Calabro-Jones PM (1981) Carrier-dependent and 
carrier-independent transport of anti-cancer alkylating agents. 
Nature 294 : 281 

6. Calabresi P, Parks RE Jr (1975) Chemotherapy of neoplastic 
diseases. In: Goodman LS, Gilman A (eds) The pharmacological 
basis of therapeutics. MacMillan, New York, p 1248 

7. Crispens CG Jr (1975) Handbook on the laboratory mouse. 
Charles C Thomas, Springfield, p 267 

8. De Barbieri A, Chiappino G, DiVittorio R, Golferini A, Maugeri 
M, Mistretta AP, Perrone F, Tassi GC, Temelcou O, Zapelli P 
(1972) Peptichemio: A synthesis of pharmacological, morpholog- 
ical, biochemical and biomolecular investigations. Proc Symp 
peptichemio, Milan 

9. Dickson JA, Suzanger M (1976) In vitro sensitivity testing of 
human tumor slices to chemotherapeutic agents - Its place in 
cancer therapy. In: Dendy PP (ed) Human tumors in short-term 
culture. Techniques and clinical applications. Academic Press, 
New York, p 107 

10. Drewinko B, Patchen M, Yang L-Y, Barlogie B (1981) Differ- 
ential killing efficacy of twenty antitumor drugs on proliferating 
and nonproliferating human tumor cells. Cancer Res 41:2328 

11. Durkin WJ, Ghanta VK, Balch GM, Davis DW, Hiramoto RN 
(1979) A methodological approach to the prediction of anticancer 
drug effect in humans. Cancer Res 39:402 

12. Freireich EJ, Gehan EA, Rall DP, Schmidt LH, Skipper HE 
(1966) Quantitative comparison of toxicity of anticancer agents in 
mouse, rat, hamster, dog, monkey and man. Cancer Chemother 
Rep 50 : 219 

13. Furner RL, Brown RK (1980) n-Phenylalanine mustard (L-PAM): 
The first 25 years. Cancer Treat Rep 64:559 

14. Gingold N, Pittermann E, Stacher A (1974) Peptichemio in the 
therapy of malignancies (phase-I study). Int J Clin Pharmacol 
10:190 



82 

15. Goldenberg GJ, Lee M, Lain H-YP, Begleiter A (1977) Evidence 
for carrier-mediated transport of melphalan by L5178Y lympho- 
blasts in vitro. Cancer Res 37 : 755 

16. Goldin A, Carter S, Homan ER, Schein PS (1973) Quantitative 
comparison of toxicity in animals and man. In: Staquet M (ed) The 
design of clinical trials in cancer therapy. Futura, New York, 
p 58 

17. Green EL (ed) (1966) Biology of the laboratory mouse, 2nd edn. 
McGraw Hill, New York, p 706 

18. Harrison SD Jr, Giles HD, Denine EP (1980) Antitumor drug 
toxicity in tumor-free and tumor-bearing mice. Cancer Chemother 
Pharmacol 4:199 

19. Hill DL, Montgomery JA (1980) Selective uptake and retention of 
anticancer agents by sensitive cells. Cancer Chemother Pharmacol 
4: 221 

20. Hoskins JM, Meynell GG, Sanders FK (1956) A comparison of 
methods for estimating the viable count of a suspension of tumor 
cells. Exp Cell Res 11 : 297 

21. Hug V, Hortobagyi GN, Buzdar AV, Blnmenschein GR, Grose 
W, Burgess MA, Bodey GP (1980) A phaseII  study of 
peptichemio in advanced breast cancer. Cancer 45:2524 

22. Parsons PG, Cater FB, Morrison L, Mary Sr R (1981) Mechanism 
of melphalan resistance developed in vitro in human melanoma 
cells. Cancer Res 41:1525 

23. Pinkel D (1958) The use of body surface area as a criterion of drug 
dosage of cancer chemotherapy. Cancer Res 18:853 

24. Redwood WR, Colvin M (1980) Transport of melphalan by 
sensitive and resistant L1210 cells. Cancer Res 40:1144 

25. Ross WE, Ewig RAG, Kohn W (1978) Differences between 
melphalan and nitrogen mustard in the formation and removal of 
DNA crosslinks. Cancer Res 38:1502 

26. Schmidt LH, Fradkin R, Sullivan R, Flowers A (1965) Compar- 
ative pharmacology of alkylating agents. Cancer Chemother Rep 
[Suppl 2] Parts I - I I I  

27. Van Putten LM, Lelieveld P (1970) Factors determining cell 
killing by chemotherapeutic agents in vivo. II. Melphalan, 
chlorambucil and nitrogen mustard. Eur J Cancer 7:11 

28. Vistica DT, Toal JN, Rabinovitz M (1978) Amino acid-conferred 
protection against melphalan. Characterization of melphalan 
transport and correlation of uptake with cytotoxicity in cultured 
L1210 murine leukemia cells. Biochem Pharmacol 27:2865 

29. Walker IG, Reid BD (1971) Some properties of substrains of 
L-cells with a decreased sensitivity to bis(2-ehloroethyl) sulfide. 
Cancer Res 31 : 510 

30. Yagi MJ (1973) Cultivation and characterization of BALB/cfC3H 
mammary tumor cells lines. J Natl Cancer Inst 51 : 1849 

31. Yagi MJ, Bekesi JG, Daniel MD, Holland JF, De Barbieri A 
(1983) Increased cancericidal activity of PTTA19, a new synthetic 
bis-(2-chloroethyl)-amino-L-phenylalanine derivative with carrier 
amino acids. I. In vitro cytotoxicity. Cancer Chemother Phar- 
macol (this issue) 

Received April 25, 1983/Accepted October, 1983 


