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Summary. Methylglyoxal bis(3-aminopropylamidinohy- 
drazone (MGBA) inhibited S-adenosylmethionine decar- 
boxylase (AdoMetDC) activity competitively with S-aden- 
osylmethionine (AdoMet), showing a Ki value of 
2.60x 10-5 M. It also inhibited ornithine decarboxylase 
competitively with ornithine, showing a K i value of 
3.80x 10-SM. MGBA inhibited the growth of human 
erythroid leukemia K562 cells. Putrescine, spermidine, 
and spermine concentrations in MGBA-treated cells were 
depressed to 19%, 36%, and 66% of the values of control 
cells, respectively. 

Introduction 

A wide variety of experimental results has clearly shown 
that inhibition of the biosynthesis of polyamines (putres- 
cine, spermidine, and spermine) leads to the inhibition of 
cellular growth and division both in vivo and in vitro [3, 7, 
11, 16, 17]. The most widely used inhibitor of polyamine 
biosynthesis is difluoromethylornithine, and enzyme-acti- 
vated irreversible inhibitor of ornithine decarboxylase 
(ODC; EC 4.1.1.17) [12]. Difluoromethylornithine has also 
been used in the treatment of cancer patients [8]. 

In view of the obvious advantages afford by inhibitors 
of polyamine biosynthesis, we discovered that cyclohexyl- 
amine groups could inhibit spermidine synthase and de- 
pressed polyamine concentrations in mammalian cells 
[4, 5]. Methylglyoxal bis(guanylhydrazone) (MGBG) is a 
potent inhibitor of putrescine-activated eukaryotic S-aden- 
osylmethionine decarboxylase (AdoMetDC; EC 4.1.1.50) 
[22]. MGBG has been used very often in polyamine re- 
search [7, 11], but its severe side effects [8, 15] compromise 
its usefulness. In an effort to obtain inhibitors without 
such side effects, we synthesized methylglyoxal bis(3-amino- 
propylamidinohydrazone) (MGBA), replacing guanyl 
groups of MGBG with aminopropylamidino groups. 

In the present paper the effect of MGBA on human 
erythroid leukemia K562 cells was investigated and the 
correlation between the antiproliferative effect and the po- 
lyamine concentrations in the leukemic cells was dis- 
cussed. 
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Materials and methods 

Animals. Male Wistar rats, 8 weeks old, were obtained 
from Shizuoka Agricultural Co-operative Association for 
Experimental Animals, Japan. The animals were given wa- 
ter and food ad libitum. 

Chemicals. MGBA was synthesized as follows: 1,3-diamino- 
propane was reacted with acetic anhydride to yield mono- 
acetyl- 1,3-diaminopropane. Monoacetyl- 1,3-diaminopro- 
pane was then reacted with S-methylisothiosemicarbazide 
hydroiodide to produce 3-(3-acetamidopropyl)-l-amino- 
guanidine hydrochloride. The product was refluxed with 
methylglyoxal 1-oxime. The resulting methylglyoxal 
bis(3-acetamidopropylamidinohydrazone) was refluxed 
again in 6 N HCI, yielding methylglyoxal bis(3-amino- 
propylamidinohydrazone). The detailed procedure for 
synthesis will be published elsewhere. Adenosyl-L-[car- 
boxy-laC]methionine (58 mCi/mmol)  and DL-[1-~4C]orni- 
thine (48.8 mCi/mmol)  were obtained from New England 
Nuclear Corp. (USA). All other chemicals were products 
of Nakarai Chemicals Ltd (Japan). 

Cell culture. Human erythroid leukemia K562 cells were 
grown at 37°C in RPMI 1640 medium (GIBCO) supple- 
mented with 10% fetal calf serum, penicilin (50 IU/ml) ,  
and streptomycin (50 Ixg/ml) in a 95% air-5% CO2 humid- 
ified incubator. Stock solutions of MGBA were made in 
RPMI 1640 medium and stored at 4 ° C. 

Preparations of  ODC and AdoMetDC enzyme extracts. Hu- 
man erythroid leukemia K562 cells grown in 5-ml culture 
flasks were harvested by low-speed centrifugaticn (1000 g 
for 3 min), washed twice in 10 ml phosphate-buffered sa- 
line, and centrifuged at 1000 g for 3 rain. To prepare ODC 
and AdoMetDC enzyme extracts, the cell pellets were sus- 
pended in 100 ~tl 50 m M  TRIS-HC1 buffer (pH 7.2) con- 
taining 10 m M  dithiothreitol, 0.1 m M  EDTA, and 50 txM 
pyridoxal-5'-phosphate and in 100 p.1 10 m M  TRIS-HC1 
buffer (pH 7.5) containing 1 m M  dithiothreitol, 0.1 m M  
EDTA, and 2.5 m M  putrescine, respectively. The cell sus- 
pensions were frozen and thawed three times and centri- 
fuged at 12,000 g for 10 rain, and the supernatants were 
taken for ODC and AdoMetDC assays. Protein was deter- 
mined by the method of Bradford [2], using bovine serum 
albumin as a standard. 
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Fig. 1. Competitive inhibition of AdoMetDC by MGBA with 
AdoMet as the variable substrate. AdoMetDC activity was assay- 
ed in the absence (©) or presence of 25 IxM ( 0 )  or 100 IxM (A) 
MGBA, with 0.026-0.207 mMAdoMet and 95 Ixg enzyme protein 
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Fig. 2. Competitive inhibition of ODC by MGBA with ornithine 
as the varianle substrate. ODC activity was assayed in the absence 
(O) or presence of 501.tM ( 0 )  or 1001,tM (A) MGBA, with 
0.029-0.232 mM ornithine and 97 gg enzyme protein 

Assay for AdoMetDC activity. A d o M e t D C  activity was de- 
termined by the procedure  developed by Pegg and Wil- 
l iams-Ashman [14]. The assay mixture contained 10 m M p u -  
trescine, 2 m M  A d o M e t  (0.1 ~tCi), 10 m M  dithiothrei tol  in 
0.3 ml l0 m M  TRIS-HC1 buffer  (pH 7.5), and 0.1 ml en- 
zyme preparat ion.  

Assay for ODC activity. ODC activity was determined as 
described by Seely et al. [21]. The assay mixture contained 
0.1 m M  VL-[1J4C]ornithine (0.2 ~tCi), 20 p~M pyr idoxal -  
5 ' -phosphate ,  5 m M  dithiothrei tol  in 0.2 ml 50 m M  TRIS-  
HC1 (pH 7.2), and 0.1 ml enzyme preparat ion.  

Stabilizing effect of MGBA on AdoMetDC in K562 cells 

As shown in Fig. 3, A d o M e t D C  activity was induced by 
the addi t ion  of  M G B G  to the medium, whereas no in- 
crease of  enzyme activity was observed in MGBA-t rea ted  
cells. Thus, M G B A  did not  p roduce  any stabilizing effect 
of  AdoMetDC.  This stabilizing effect of  M G B G  on Ado-  
MetDC in K562 cells was consistent,  with the result that a 
striking increase in A d o M e t D C  activity in Ehrlich ascites 
cells grown in the presence of  M G B G  was based on a dra- 
matic pro longat ion  of  the half-life of  the enzyme [1]. 

Determination ofpolyamines. The cells were harvested by 
low-speed centr ifugation (1,000 g for 3 min), suspended in 
0.4 N perchlor ic  acid, and disintegrated by freeze-thawing 
three times. After  centrifugation for 30 min at 10,000 g, the 
resulting supernatant  fractions were used for po lyamine  
determinat ion  by HPLC (Shimazu LC-5A) as previously 
described [10]. 

Results 
Inhibition of AdoMetDC and ODC activities by MGBA 

M G B A  showed the inhibi t ion of  A d o M e t D C  and ODC 
activities, inhibit ing A d o M e t D C  activity more sensitively 
than ODC activity. The effect of  the concentra t ion of  S- 
adenosylmethionine  (AdoMet)  on the inhibi t ion of  Ado-  
MetDC activity by M G B A  is shown in Fig. 1. This inhibi- 
t ion was competi t ive with AdoMet ,  and the calculated Ki 
value for M G B A  was 2.60x 10-5 M. The Km value for 
A d o M e t  was est imated to be 8.00 x 10 .5 M. 

Figure 2 shows the effect of  the concentra t ion of  orni- 
thine on the inhibi t ion of  ODC activity by MGBA.  The in- 
hibit ion was competi t ive with orni thine;  the K i value for 
M G B A  and the Km value for orni thine were calculated to 
be 3.80 x 10 -5 M and 2.40 x 10 - 4  M, respectively. 
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Fig. 3. Time-course of induction of AdoMetDC activity by 
MGBG or MGBA. Stock cultures were diluted with fresh medium 
to an initial density of 5 x 105 cells/ml and were grown in the ab- 
sence (O) or presence of 10 I, tM MGBG (O) or 10 ~tM MGBA 
(A). AdoMetDC activity was measured at the times shown. Each 
point is the mean of duplicate experiments 
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Fig. 4. Effect of MGBA on the growth of K562 cells. The stock 
cultures were diluted with fresh medium to an initial density of 
2 x l0 s cells/ml and were grown in the absence (O) or presence of 
10 ~tM (O), 25 p.m (&), 50 I~M (l l) ,  or 100 gM (V) MGBA for 
the times indicated 

Inhibition of growth ofK562 cells by MGBA 

Decreased rate of  cell prol i fera t ion  were observed in the 
presence of  increasing concentra t ions  of  M G B A  with hu- 
man  leukemia  K562 cells (Fig. 4). The cells hard ly  grew at 
the concentra t ion of  100 ~ M  MGBA.  

Effect of MGBA on polyamine concentrations in K562 cells 

At a concentra t ion sufficient to inhibit  the growth of  K562 
cells (50 ~M), M G B A  depressed the intracel lular  levels of  
putrescine,  spermidine,  and  spermine s imultaneously,  sug- 
gesting that both A d o M e t D C  and ODC activities were in- 
hibi ted in the cells (Table 1). The decrease in putrescine 
concentra t ion in MGBA- t rea t ed  cells was noteworthy be- 
cause this metabol i te  would marked ly  increase in M G B G -  
treated cells. 

Discussion 

Cont inuous  po lyamine  biosynthesis  appears  to be required 
to mainta in  maximal  rates of  cell prol i ferat ion.  An in- 
creased po lyamine  content  in tumor-bear ing  tissues of  ani- 
mals or humans  has been noted [9, 18, 20], and correla-  
t ions between tumor  growth rates and cellular  po lyamine  
contents have been demonst ra ted  [19, 23]. 

Table 1. Effect of MGBA on intracellular levels of polyamines in 
human erythroid leukemia K562 cells a 

Treatment Putrescine Spermidine Spermine 

None 174 (100) 2422 (100) 1819 (100) 
MGBA(50gM) 33 (19) 872 (36) 1205 (66) 

~, K562 cells were grown in the absence or presence of 50 gM 
MGBA for 72 h. Polyamine concentrations are shown in pmol per 
106 cells; the percentage of control is shown in parentheses. Each 
value is the mean of duplicate experiments 

Since M G B A  was inhibi tory to A d o M e t D C  (Fig. 1) 
and  ODC (Fig. 2) but  showed no A d o M e t D C  stabilizing 
effect (Fig. 3), it could present  a simple exper imental  sys- 
tem to demonstra te  the correlat ion between po lyamine  de- 
plet ion and cellular function. M G B A  showed a remark-  
able ant iprol i ferat ive effect on K562 cells, and  the inhibi- 
t ion of  cell growth was associated with a significant deple- 
t ion of  intracel lular  po lyamine  levels (Fig. 4, Table 1). Par- 
t icularly the concentra t ion of  putrescine was found to de- 
crease, as well as that of  spermidine  and spermine,  in con- 
trast to M G B G ,  which dramat ica l ly  increased the putres- 
cine level [6]. One possible explanat ion  is that  M G B G  in- 
duces ODC activity [6] and inhibits that  of  d iamine  oxi- 
dase [13] whereas M G B A  may not, as has been observed 
with MGBB [6]. Invest igat ions along this line are in pro- 
gress. The findings obta ined with M G B A  suggested that 
the mult i funct ional  inhibitors of  po lyamine  biosynthesis  
would  be very efficient for the deplet ion of  polyamines  in 
tumor  cells. The further character izat ion of  M G B A  and 
opt imal  condit ions in the search for a therapeut ic  possibil-  
ity are now under  investigation. 
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