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Abstract--l-fl-D-Arabinofuranosylcytosine (ara-C) incorporates into replicating cellular DNA and the 
extent of this incorporation correlates with loss of clonogenic survival. More recent findings have 
demonstrated that incorporation of ara-C into DNA undergoing repair of damage induced by u.v. light 
also results in cell lethality. On the basis of previous studies demonstrating a marked synergism between 
cis-diamminedichloroplatinum (CDDP) and ara-C in LoVo colon carcinoma cells, the present work 
has examined the interaction of these agents at a biochemical and cellular level in the MCF-7 human 
breast carcinoma line. The extent of ara-C incorporation into MCF-7 DNA correlated significantly with 
loss of clonogenic survival in a dose-dependent manner, The effects of CDDP on the formation of MCF- 
7 (ara-C)DNA were monitored using both cesium sulfate and cesium chloride density centrifugation. 
The results demonstrate that CDDP had little, if any, detectable effect on incorporation of ara-C into 
DNA. Furthermore, combinations of CDDP and low concentrations of ara-C (10 7 and 106M) 
decreased MCF-7 clonogenic survival in an additive but not synergistic manner. Modest synergy was 
detectable with CDDP and higher ara-C concentrations (10 5 and 10 -4 M). The interaction between 
CDDP and ara-C was apparently dependent on concentration, duration of exposure and cell type. There 
was no dramatic synergy between CDDP and ara-C in MCF-7 cells. These findings may be relevant to 
the design and interpretation of CDDP/ara-C clinical trials. 

Ara-C§ is one of the most effective agents in the 
t reatment  of acute myelogenous leukemia in adults 
[1]. Clinically, it has been used both alone and in 
combinat ion  with anthracyclines to produce a high 
rate of remission induct ion in these patients. The 
precise molecular  mechanism of ara-C and possible 
interactions with other antineoplastic agents remain 
controversial [2]. Ara-C is a known inhibitor of repli- 
cative D N A  synthesis [3]. The active metabolite,  ara- 
CTP, is a competitive inhibitor  of D N A  polymerase 
[3, 4]. Ara-C is incorporated into cellular D N A  (but 
not RNA) ,  and the extent of this incorporat ion cor- 
relates with inhibit ion of D N A  synthesis and loss 
of clonogenic survival [5, 6]. Other  studies which 
demonstra ted ara-C residues in internucleotide link- 
age and at the 3-terminus have suggested that this 
agent acts as a relative chain terminator ,  especially at 
high concentrat ions [7]. The disruption of replicative 
D N A  synthesis by ara-C results in D N A  frag- 
menta t ion and reinit iat ion of synthesis in previously 
replicated segments [8, 9]. 
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Ara-C is also a potent  inhibitor of D N A  repair 
synthesis. This agent increases the frequency of D N A  
single-strand breaks, chromosomal abnormalit ies,  
and cytotoxicity induced by u.v. light, certain alkyl- 
ating agents and X-irradiation [10-13]. Ara-C is 
incorporated into the D N A  repair segment following 
t reatment  of growth-arrested fibroblasts with u.v. 
light [10]. The incorporat ion of ara-C during u.v.- 
induced D N A  repair correlates with loss of clono- 
genic survival. Other  studies have demonstrated that 
ara-C decreases the repair rate of single-strand 
breaks induced by X-irradiation [13]. This inhibit ion 
of D N A  repair correlates with a corresponding loss 
of clonogenic survival [13]. However,  in contrast to 
the formation of (a ra-C)DNA during repair of u.v.- 
induced damage, ara-C incorporat ion into D N A  
undergoing repair is not detectable after X- 
irradiation-induced damage [11]. 

CDDP has assumed a central role in the t reatment  
of many solid tumors, including carcinomas of the 
testes, ovary, lung and oropharynx [14]. The "cis" 
position of the two chloride ions is required for 
activity [15]. This bifunctional molecule binds to 
D N A  with the formation of adducts, particularly 
intrastrand and interstrand cross-links between guan- 
ine bases [15, 16]. Repair  of these lesions may be 
necessary for cell survival. Inhibitors of DNA exci- 
sion repair processes, such as caffeine, markedly 
enhance the cytotoxic effects of C D D P  in vitro [17]. 
Fur thermore,  cell lines with decreased ability for 
D N A  damage excision and repair (derived from 
patients with xeroderma pigmentosum) have 
increased sensitivity to C D D P  [171. These studies 
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have generated interest in combinations of CDDP 
with DNA repair inhibitors, including ara-C. 

The combination of ara-C and CDDP has been 
studied previously in the LoVo human colon car- 
cinoma cell line [18]. The LoVo cell line is resistant 
to brief exposures to ara-C alone, while the com- 
bination of ara-C and CDDP results in a synergistic 
loss of clonogenic survival. These findings have 
encouraged clinical trials combining CDDP and ara- 
C [19, 20]. Based on our previous studies of ara-C 
incorporation into DNA undergoing repair, we have 
investigated the effect of CDDP on (ara-C)DNA 
formation and cytotoxicity in the MCF-7 human 
mammary carcinoma cell line. 

MATERIALS AND METHODS 

Cell culture. MCF-7 human mammary carcinoma 
cells were grown in Dulbecco's modified Eagle's 
medium, supplemented with 10% heat-inactivated 
fetal calf serum (Gibco, Grand Island, NY). 1% L- 
glutamine, streptomycin (100units/ml) and peni- 
cillin (100 ,ug/m[). 

Clonogenic surviual. MCF-7 cells were grown in 
10 cm petri dishes for 16 hr prior to drug treatment. 
The cultures were then treated with various con- 
centrations of ara-C in serum free medium for 1 hr 
prior to the addition of various concentrations of 
CDDP. After 1 hr, the CDDP was removed and the 
cells were exposed to ara-C for an additional 4 hr. 
The cells were then rinsed with phosphate-buffered 
saline (PBS) and incubated for 7 days in Dulbecco's 
medium with 10U~ fetal calf serum. Clonogenic sur- 
vival was determined by scoring colonies of more 
than 20 cells. The percentage of colony formation 
was determined by the ratio of colonies formed by 
drug-treated cells to untreated control cells. 

Incorporation of [3H]ara-C into DNA. MCF-7 
cells were incubated with various concentrations of 
CDDP and [-~H]ara-C (Moravek Biochemicals, Brea, 
CA) for periods of 1 and 6hr,  according to the 
schedule described for the clonogenic survival 
experiments. The cells were removed with trypsin- 
EDTA and rinsed with saline. The cells were lysed 
with 0.01 M Tris ( pH 7.4), 0.001 M EDTA and 0.5% 
sodium dodecyl sulfate, and the protein was digested 
by incubation with 100 Hg/ml proteinase K for 2 hr 
at 37 °. The nucleic acids were precipitated with 4 M 
NaCI and ethanol, resuspended in 0.005 M EDTA, 
and the RNA was digested by incubation with 
100 !~g/ml RNase A (Sigma Chemical Co.. St. Louis, 
MO). Salmon sperm DNA (Sigma; 50 ug/tube) was 
added, and the DNA was precipitated with ice-cold 
trichloroacetic acid. The precipitate was collected on 
glass fiber filters (Fisher Scientific, Pittsburgh, PA) 
and analyzed for radioactivity. 

Cesium sulfilte gradients. MCF-7 cell cultures were 
exposed to various concentrations of [3:P], [3H]ara - 
C and CDDP according to the described schedule. 
After treatment, the cells were removed with trypsin- 
EDTA and washed with saline. The nucleic acids 
were extracted with phenol, denatured with form- 
amide, and then separated on a Cs2SO4 density 
gradient [5]. Fractions (0.4 ml) were collected and 
analyzed for acid precipitable radioactivity. 

High pressure liquid chromatography (HPLC). 
Purified DNA was digested to nucleosides using 
DNAse I, snake venom phosphodiesterase and alka- 
line phosphatase (Sigma) as described previously 
[6]. The enzymes were removed by perchloric acid 
precipitation, and the supernatant fraction was neu- 
tralized with potassium bicarbonate, The super- 
natant was then analyzed on a High Pressure Liquid 
Chromatograph (Waters Associates, Milford, MA) 
with a Z-module radial compression unit and an SCX 
strong cation exchange cartridge (Waters Associates, 
Milford, MA). An isocratic separation was per- 
formed using t). 1 M ammonium phosphate, pH 3.5. 
Fractions were collected and analyzed for 
radioactivity. 

Ata-(" incorporation during DNA repair. MCF-7 
cells were incubated for 2 hr with 1(I ~ M BrdUrd 
and 10 ~M FdUrd. The cell cultures were then 
treated with various concentrations of CDDP and 
[3H]ara-C as already described. BrdUrd and FdUrd 
were present throughout the treatment period. The 
cells were then harvested for purification of nucleic 
acids. The DNA was then separated on two sequen- 
tial CsCI gradients as described [21]. The fractions 
were collected and analyzed for acid-insoluble 
radioactivity. 

Statistical anal3,sis. The incorporation of ara-C into 
DNA was analyzed by linear regression after log- 
arithmic transformation to calculate the relationship 
between dose and loss of clonogenic survival. The 
calculations were performed using the SAS computer 
based statistical package [22]. 

The analysis of ara-C/CDDP interactions for ara- 
C incorporation was performed using a model I two- 
factor analysis of variance with four replicates [23]. 
The combination of ara-C and CDDP was evaluated 
for synergy using a modification of previously 
described methods [24]. The synergy ratio (R) was 
calculated by the equation: 

[ara-C] [CDDP] 1 

[ara-C]~. + [CDDP]~ - R 

In this equation. [ara-C] and [CDDP] are the 
experimental doses of ara-C and CDDP, while/ara- 
C]~ and [CDDP]~ are the equivalent single agent 
dose for the sanqe cytotoxic effect. Thus. for R > 1, 
the combination will be synergistic, and antagonistic 
for R < 1. Additive combinations will have R = 1. 

RESUI/I'S 

The incorporation of ara-C into MCF-7 nucleic 
acid was monitored by CseSO 4 density gradient cen- 
trifugation. This technique allows the separation of 
RNA (density 1.62 to 1.68 g/ml) from DNA (density 
1.42 to 1.48 g/ml). As shown in Fig. l, tritium was 
detectable only in the DNA fractions. Moreover, the 
incorporation into DNA was dependent upon time 
exposure. The purified DNA from cells labeled with 
I~lllara-C was also collected for further analysis. 
Using DNAse I, phosphodiesterase and alkaline 
phosphatase, the DNA was enzymatically digested 
to nucleosides for analysis by HPLC. The chro- 
matogram is shown m Fig. 2. Fhe tritium comigrated 
with ara-C and not with deoxvcvtidine, ara-U or 
other nucleoside markers. 
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Fig. 1. Incorporation of [3H]ara-C (0) and [32p] ((2)) into MCF-7 nucleic acids. MCF-7 cells in logarithmic 
growth phase were incubated with 10 -7 M [3H]ara-C and 10 yCi/ml of [3;P] for 3, 6, 12 and 24 hr. The 
total nucleic acids were purified by cesium sulfate density centrifugation. The tritium and [32P 1 counts 
banding in the RNA region (between density 1.62 and 1.68 g/roll and DNA region (1.42 and 1.48 g/ 
ml) of the gradients were determined and used as a measure of incorporation of ara-C into DNA and 
the relative rates of RNA and DNA synthesis. The density of each fraction (B) was determined by 

measurement of the refractive index. 

The incorporat ion of ara-C into D N A  has been 
shown previously to be highly correlated with loss of 
c lonogenic survival [25]. The relationship between 
( a r a - C ) D N A  format ion and loss of clonogenic sur- 
vival was therefore  similarly investigated for MCF-7 
cells. Cells were exposed to various concentrat ions 
of [3H]ara-C for a per iod of 3 -24h r  in order  to 
moni tor  incorporat ion into D N A .  Parallel experi- 
ments with unlabeled ara-C were per formed to deter- 
mine the t ime-concen t ra t ion  effects of ara-C on clon- 
ogenic survival. Figure 3 illustrates an analysis of 
these data. A significant correlat ion was found 
between ara-C incorporat ion into D N A  (expressed 
on a logari thmic scale) and loss of  clonogenic survival 
(r = - 0 . 8 6 ,  P <  0.001). These findings suggested 
that incorporat ion of  ara-C into MCF-7 D N A  is 
related to cytotoxicity. 

The combinat ion of ara-C and C D D P  was next 
examined to de termine  if C D D P  t rea tment  would 
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Fig. 2. Chromatogram of digested [3H]ara-C-labeled MCF- 
7 DNA. MCF-7 cells were labeled with [3H]ara-C, and the 
DNA fraction was purified and digested to nucleosides with 
DNAse I, snake venom phosphodiesterase and bacterial 
alkaline phosphatase. Nucleosides were purified and ana- 
lyzed by high pressure liquid chromatography. Appropriate 
nucleoside markers were added, and fractions (0.4 ml) were 
collected during the elution for the assay of tritium counts. 
The shaded area is a measurement of tritium in each 

fraction. 

alter the metabol ism of ara-C. MCF-7 cells were 
exposed to [3H]ara-C for 1 hr, 10 -6 M C D D P  was 
added for a second hour,  and then t rea tment  was 
continued with [3H]ara-C alone for an additional 
4 hr. The D N A  was then collected and analyzed by 
Cs2SO4 density gradient centrifugation. The results 
in Fig. 4 demonst ra te  that ara-C incorporated only 
into D N A  under  these experimental  conditions. Fur- 
thermore ,  the trit ium label detectable in D N A  repre- 
sented ara-C and not a metabol i te  (data not shown). 
More  important ly,  10-6M C D D P  treatment  had a 
minimal effect on the incorporat ion of 10 7 M or 
10 5 M [3H]ara-C. 

The effect of C D D P  on the incorporat ion of ara- 
C into D N A  was further investigated at a variety of 
concentrat ions of each agent. Figure 5 illustrates the 
effect of C D D P  and ara-C concentrat ion on ara- 
C incorporat ion into MCF-7 D N A .  A two-factor 
analysis of variance for this relationship was per- 
formed [23]. C D D P  had no significant effect on ara- 
C incorporat ion at any dose level. The incorporat ion 
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Fig. 3. Relationship between MCF-7 clonogenic survival 
and incorporation of ara-C into DNA. The relationship of 
MCF-7 clonogenic survival to [3H]ara-C incorporation into 
DNA (log pmoles/10 ~' cells) was determined at ara-C con- 
centrations of 10 7 M (O), l(I 6 M (0), 10 5 M ([]), 10 ~ M 
(111) and 1(1-3 M (A) during time periods ranging from 3 to 
24 hr. All values are the mean of two determinations each 

performed in duplicate, 
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Fig. 4. Effect of CDDP on [3H]ara-C incorporation into 
MCF-7 nucleic acids. MCF-7 cells in logarithmic growth 
phase were exposed to 10 7 M [3H]ara-C for 1 hr prior to 
the addition of 10 (' M CDDP. After a 1-hr incubation with 
both agents, the CDDP was removed and the cells were 
exposed to the [~Hlara-C for an additional 4 hr. (A) MCF- 
7 cells exposed to 10 ~ M [3H]ara-C alone (0)  or in com- 
bination with 10 " M CDDP (C)). (B) MCF-7 cells exposed 
to 10 5M pH]ara-C alone (0)  or in combination with 
10 ~ M CDDP (0) .  The nucleic acids were extracted and 
analyzed by cesium sulfate density gradient centrifugation 
as described in the legend to Fig. 1. The density of each 
fraction (m) was determined by measurement of the refrac- 

tive index. 

of a ra-C into D N A  was only d e p e n d e n t  on the con- 
cen t ra t ion  of a ra-C and  was increased  significantly 
for concen t r a t ions  above  10 6 M (P < 0.01). 

The  initial  s tudies thus  d e m o n s t r a t e d  tha t  the  over-  
all ex tent  of ( a r a - C ) D N A  fo rma t ion  was not  meas-  
urably changed  by C D D P .  However ,  the  pa t t e r n  of 
incorpora t ion  into D N A  undergo ing  semiconser-  
vat ive and  repa i r  synthesis  may  have  b e e n  a l te red  by 
C D D P  t r e a t m e n t .  This  possibili ty was inves t iga ted  
by CsCI densi ty  g rad ien t  cen t r i fuga t ion ,  which sep- 
ara tes  D N A  unde rgo ing  semiconserva t ive  and  repai r  
repl icat ion.  The  results  ob t a ined  are i l lus t ra ted in 
Fig. 6. The  add i t ion  of C D D P  resul ted  in a modes t  
increase  in the  inco rpora t ion  of ara-C into the  repa i r  
segment .  Mult iple  repl icates  d e m o n s t r a t e d  that  
C D D P  increased  ara-C incorpora t ion  2- to 3-fold 
(N = 9). This  increase  was small (less than  
0.1 pmole )  w h e n  c o m p a r e d  with the  extent  of ara-C 
incorpora t ion  into D N A  dur ing  seminconse rva t ive  
synthesis  (Fig. 5). 

The  effect  of C D D P  and  ara-C on cytotoxici ty was 
also examined  u n d e r  s imilar  expe r imen ta l  con- 
ditions.  Each  drug was tes ted  at four  concen t ra t ions :  
10 -7, 10 ~, 10 5, and  10 -4 M, encompass ing  the con- 
cen t ra t ions  achievable  by mos t  clinical regimens .  We  
employed  a 1-hr exposure  for C D D P  and  a 6-hr 
exposure  for ara-C.  U p  to a 90% loss of c lonogenic  
survival was obse rved  for each agent  alone.  

Each  concen t r a t ion  pair  was eva lua ted  in six rep- 
licates, and  the results  are shown in Fig. 7. Clono-  
genie survival was decreased  by exposure  to h igher  
concen t r a t ions  of e i the r  agent .  The  synergy rat io 
was calcula ted for each concen t ra t ion  pair  [24] to 
de t e rmine  w h e t h e r  or not  synergistic effects were 
present .  Synergy is def ined by a synergy rat io of 
grea te r  than  1, s imple addi t ive  effects by a rat io of 
1.0 and compet i t ion  by a ratio of less than 1.0. 

C D D P ( ~ M )  

Fig. 5. Effect of various CDDP and ara-C concentrations on 
the formation of (ara-C)DNA. MCF-7 cells were incubated 
with 10-TM (O), 10 6M (A),  10 SM (m) and 10 4M (©) 
[3H]ara-C in combination with various CDDP con- 
centrations (10 7 M to 10 4 M). The amount of ara-C incor- 
poration into MCF-7 DNA was determined and expressed 

as the mean _+ SEM for four determinations. 

Because  C D D P  was so highly toxic at 10 4 M, no 
mean ingfu l  es t imate  of synergy could be made  at 
tha t  concen t ra t ion .  The  o ther  calculated synergy 
values are shown in Fig. 8. Significant synergy 
(R > 1, P < 0.05) was not  de tec tab le  for low con- 
cen t ra t ions  of ara-C. However ,  minimal  but  stat- 
istically significant synergy was de tec tab le  with: (1) 
10 SM ara-C and  10 -SM C D D P ;  and  (2) 1 0 - 4 M  
ara-C and  all C D D P  concent ra t ions .  

DISCUSSION 

The  in te rac t ion  be tween  ara-C and  o the r  anti-  
neoplas t ic  agents  has  been  an area of interest .  The  
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Fig. 6. Incorporation of [~H]ara-C into MCF-7 DNA under- 
going replicative and repair synthesis. MCF-7 cells were 
treated with 10 5 M BrdUrd and 10 " M FdUrd for 2 hr and 
then exposed to [~H]ara-C alone (0)  or CDDP (10 aM) 
and [3H]ara-C (C)). The DNA was then purified and ana- 
lyzed bv CsCI gradient centrifugation. DNA undergoing 
repair forms a band at a density of 1.70g/ml and DNA 
undergoing semiconservative synthesis forms a band at 
1.75 g/ml. The density of each fraction (m) was determined 

bv measurement of the refractive index. 
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Fig. 7. Clonogenic survival of MCF-7 cells after exposure 
to ara-C and CDDP. MCF-7 cells in logarithmic growth 
phase were exposed to CDDP alone (0) or 10-TM (A), 
10 6M (11), 10-SM (C)) or 10 ~M (A) ara-C, in com- 
bination with various concentrations of CDDP. Colonies 
(>20 cells) were scored 10 days later, and all values are  
expressed as a percentage of untreated controls. The results 
are expressed as the mean -+ SEM for six determinations. 

combination of anthracycline compounds with ara- 
C has already been established in the treatment of 
AML [1]. This interaction may be explained by cer- 
tain experimental findings. Adriamycin and ara-C 
have been shown to be additive in terms of inducing 
single-strand DNA breaks, while ara-C inhibits 
repair of 4'-(9-acridinylamino)methanesulfon-m- 
anisidide (m-AMSA)-induced DNA damage 
[26, 27]. The combination of ara-C and other agents 
might also be useful in the treatment of solid tumors. 
Since alkylating agents and platinating agents cause 
significant DNA damage, the inhibitory effect of ara- 
C on D N A  repair may be useful in potentiating the 
effects of these drugs. 

The repair of DNA damage is a complex process. 
DNA damaging agents result in at least two different 
types of D N A  repair. Ultraviolet light and N-methyl- 
N'-nitrosoguanidine result in a "long" patch of 
repaired D N A  (60-100 bases), whereas other agents 
such as bleomycin and gamma-radiation result in 
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Fig. 8. Synergy ratio for combinations of ara-C and CDDP. 
Synergy ratios were calculated for 10 7 M (O), 10- 6 M (11), 
and 10 -5 M (A) CDDP in combination with ara-C. Results 
are expressed as the harmonic mean ± SEM for six 

determinations. 

"short" (3-4 bases) patch repair [28]. DNA poly- 
merase alpha is involved in long patch repair and is 
inhibited by a number of drugs including ara-C [29]. 
In contrast, short patch repair synthesis probably 
involves DNA polymerase beta [29]. DNA poly- 
merase beta is less sensitive to the inhibitory effects 
of ara-C and may result in displacement DNA repair 
synthesis when DNA polymerase alpha is inhibited 
by this agent [29, 30]. The repair of DNA damage is 
a multistep process postulated to include recognition, 
excision, resynthesis and ligation. Ara-C does not 
appear to affect excision since enzymatic single- 
strand breaks accumulate in the presence of this 
agent [31]. However, ara-C does inhibit resynthesis 
of damaged DNA. This inhibition is overcome by 
high intracellular levels of triphosphate nucleotides, 
suggesting that non-dividing cells with lower dNTP 
levels may be more sensitive to this particular effect 
[32]. 

In the present studies, the extent of ara-C incor- 
poration into MCF-7 DNA was dependent on both 
duration of exposure and drug concentration. The 
formation of (ara-C)DNA correlated with the loss 
of MCF-7 clonogenic survival. The enhanced incor- 
poration of ara-C into DNA during repair synthesis 
has been demonstrated following u.v. light exposure 
[10]. Furthermore,  the extent of ara-C incorporation 
into this long repair patch correlated with loss of 
clonogenic survival. In contrast, CDDP did not cause 
a measurable increase in ara-C incorporation at any 
concentration of ara-C or CDDP. During treatment 
with combinations of ara-C and CDDP, the for- 
mation of (ara-c)DNA was dependent only on the 
concentration of ara-C. There was a small detectable 
increase in ara-C incorporation into DNA specifically 
undergoing repair as determined by CsC1 density 
gradient centrifugation, The magnitude of this incor- 
poration into repair segment DNA was small, repre- 
senting less than 10% of the total ara-C incorporation 
into DNA.  These findings may be related to a small 
repair patch with a low probability of ara-C raisin- 
corporation or a low level of DNA repair synthesis 
following CDDP-induced damage. In this regard, we 
were unable to detect a significant enhancement of 
[3H]thymidine incorporation in repair sequence 
DNA after 10-6M CDDP exposures (data not 
shown). The relative importance of this repair seg- 
ment incorporation of ara-C may be greater for 
resting or non-dividing cells than for cells in log- 
arithmic growth. 

The cytotoxic interaction of CDDP and ara-C in 
MCF-7 cells was quantitated by a calculated synergy 
ratio. This calculation was based on the individual 
cytotoxicity of each agent derived from single agent 
dose-response curves. For these MCF-7 cells in log- 
arithmic growth phase, there was no statistically 
significant synergy with 10 7 and 10-6M ara-C. At 
higher ara-C concentrations (10 -5 and 10 -4 M), there 
was a modest but significant synergistic effect for the 
ara-C/CDDP combinations. Previous studies have 
demonstrated a dramatic synergy between CDDP 
and ara-C in LoVo cells [18]. The basis for the 
discrepancy between the findings in LoVo cells and 
those in MCF-7 cells is unclear. The results for both 
celi lines are in agreement, however, in that any 
synergy was observed only at high ara-C con- 
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cen t ra t ions  ( >  10 ~ M). These  findings are consis tent  
with early clinical results.  A combina t ion  of C D D P  
and " s t a n d a r d "  dose ara-C (60 m g / m 2 / d a y )  had  only 
modes t  efficacy [19]. In cont ras t ,  a high dose intra-  
cavitary combina t i on  of C D D P  and  ara-C has had  
more  promis ing  results  thus  far [20]. We have 
recent ly  comple t ed  a phase  I s tudy of high dose 
con t inuous  infusion ara-C (250 m g / m 2 / h r ) .  With  this 
schedule ,  a ra-C p lasma levels of more  than  10 5 M 
can be ma in t a ined  for  up to 24 hr  [33]. This  ara-C 
dose schedule  is be ing  c o m b i n e d  with C D D P  for 
fu r the r  clinical test ing.  

The  m e c h a n i s m  and  pa tch  sizes for repai r  of 
C D D P - i n d u c e d  D N A  d a m a g e  in h u m a n  cells are 
unclear .  Ul t raviole t -specif ic  endonuc lease  which 
cleaves D N A  s t rands  for u .v . - i r rad ia ted  Chinese  
hams te r  ovary cells has  no effect on D N A  from ceils 
t r ea ted  with C D D P  [31]. The  basis for the effect of 
ara-C on repai r  of C D D P - i n d u c e d  D N A  damage  
will requi re  fu r the r  def ini t ion of the C D D P - i n d u c e d  
repai r  process.  The  modes t  synergy obse rved  in 
MCF-7 cells was not  cor re la ted  with ( a r a - C ) D N A  
format ion ,  since C D D P  had  no  de tec tab le  effect 
on the incorpora t ion  of a ra-C into D N A .  O t h e r  
in te rac t ions  such as increased  n u m b e r  of D N A  
single-s t rand breaks ,  or pers is tent  in t e r s t r and  cross- 
links may be i m p o r t a n t  in the C D D P / a r a - C  inter-  
act ion.  In this regard,  the previous  studies in LoVo  
cells d e m o n s t r a t e d  tha t  a ra-C inhibi ts  repai r  of 
C D D P - i n d u c e d  D N A - D N A  cross-l inks [18]. Since 
D N A  cross- l inking has  been  cor re la ted  with sen- 
sitivity to C D D P  [32], the  increase in C D D P - i n d u c e d  
cross-l inks by ara-C could account  for the synergistic 
cell lethali ty.  W h a t  is r equ i red  now, in part ,  are more  
incisive studies regard ing  the  effect of ara-C on the 
excision process  of C D D P - i n d u c e d  cross-links. 

The  in te rac t ions  be tween  ara-C and  C D D P  are 
thus p robab ly  qui te  complex.  In MCF-7 cells, there  
was modes t  synergy seen only at high doses of ara- 
C. Synergist ic in te rac t ions  be tween  ara-C and D N A  
damaging  agents  will p robab ly  be d e p e n d e n t  on a 
variety of  pha rmaco log ic  factors  including dose, 
schedule  of admin is t ra t ion ,  and  type of resul tant  
long or shor t  pa tch  D N A  repair .  Synergy will also 
depend  on t u m o r  factors  including growth fract ion 
and in t race l lu lar  nucleot ide  levels. Fu r the r  studies 
are requ i red  to de l inea te  these  complex in terac t ions .  
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