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Summary. LI210 mouse leukaemia cell lines showing a 
20,O00-fold differential sensitivity to methotrexate have been 
shown to exhibit some collateral sensitivity to at least two o f  the 
vinca alkaloids, vinblastine and vindesine. Vinblastine is the 
more cytotoxic for  both cell lines. The extent o f  the collateral 
sensitivity decreases in the order vindesine > vinblastine 
> vincristine. 

Total cellular uptake studies with radiolabelled methotrex- 
ate showed only a two- to three-fold greater incorporation in the 
sensitive line. On the other hand, a two-fold greater incorpo- 
ration o f  labelled vincristine occurred in the resistant line. No 
significant difference in the uptake occurred following labelled 
vinblastine treatment by the two ceil lines. 

It is unlikely that differences in uptake account for the 
altered drug responses observed in the two cell lines. 

Introduction 

The anti-neoplastic agent methotrexate is known to bind 
rapidly to the enzyme dihydrofolate reductase [5], and 
resistance to the antifolate has been shown to occur by three 
distinct mechanisms, viz. (a) elevation of intracellular levels of 
the target enzymes [2]; (b) production of an altered dihydro- 
folate reductase with decreased affinity for the drug [1]; and 
(c) alterations in drug transport resulting in a lowering of 
intracellular concentrations [24]. The mode of action of the 
vinca alkaloids is generally considered to be metaphase arrest 
as a result of inhibition of microtubular assembly [10], 
although other cytotoxic actions have been postulated [19, 20, 
22, 25]. Several interactions between methotrexate and 
vincristine have been reported in cell culture and in vivo. For 
example, vincristine has been shown to enhance intracellular 
levels of methotrexate in L1210 cells [26] and in human 
lenkaemic blast cells [4] in vitro. A time-schedule-dependent 
synergism of vincristine and methotrexate against murine 
lymphocytic leukaemia cells has also been observed in vivo [8]. 
Collateral sensitivity, whereby the acquisition of resistance to 
one agent results in increased sensitivity to another, has been 
reported for other different antitumour agents in a number of 
mammalian cell lines in vitro [12, 13, 16, 17], and in the L1210 
cell line in vivo [7, 23]. 

A methotrexate-resistant L5178Y cell line was found to be 
as sensitive as the parent line to vincristine and vindesine [15]. 
No evidence, however, for collateral sensitivity between 
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methotrexate and the vinca alkaloids in an experimental 
system has yet been reported to our knowledge. 

There is, however, some clinical evidence [3, 41 for an 
increased sensitivity of certain methotrexate-resistant tumours 
to the vinca alkaloids. 

Materials and methods 

Methotrexate was supplied by Lederle Laboratories Division, 
Cyanamid of Great Britain. The vinca alkaloids were kindly 
supplied by Eli Lilly and Co Ltd, England. Radiolabelled 
vincristine and vinblastine sulphates and the methotrexate 
were obtained from the Amersham International, Amersham, 
UK. 

Cell culture. The cells used in this study were two L1210 
lymphoblastoid leukaemia cell lines exhibiting differential 
sensitivity to the antifolate, methotrexate. The original lines 
were kindly donated by the Department of Biochemical 
Pharmacology, Institute of Cancer Research, London, The 
L1210/R7A line is grown under a constant challenge of 
methotrexate (10 .6 M). In separate experiments it was shown 
that resistance could be maintained for at least 3 months in the 
absence of the drug. Population-doubling times are 15.7 + 
0.6 h and 19.1 + 0.3 h for the L1210 and L1210/R7A cell lines, 
respectively. In all experiments and for routine serial dilution 
the cells are grown in suspension culture in RPMI 1640 (Flow 
Laboratories, UK) supplemented with 10% horse serum 
(Gibco, Europe).  They were regularly screened by the method 
of Chen [9] for mycoplasma and found to be free. For assays of 
cell survival cells were grown in 0.25% agar with a plating 
efficiency of 80%. Colony-forming ability was measured after a 
10-day incubation of cells at 37°C in the presence of the 
agents. 

Uptake studies. Intracellular accumulation at treatment levels 
corresponding to 75% survival for vincristine was determined 
using (G-3H) vincristine sulphate (specific activity 7.2 Ci/mM 
(Amersham International, Amersham, UK) at a concentration 
of 0.5 ~tCi/ml for each drug studied in the cell suspension (10 s 
m1-1) in RPMI 1640 medium supplemented with 10% horse 
serum. After predetermined time intervals of incubation (7 x 
10 -9 M vincristine) at 37 ° C, drug uptake was stopped by 
cooling on ice and by dilution with cold buffer (0.14 M sodium 
chloride, 0.02 M potassium phosphate, pH 7.4). After centrif- 
ugation (2,000 g, 4 ° C, 5 min) the cells were washed twice with 
the cold buffer and resuspended in the same buffer solution. 
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Cell numbers  were  counted on an electronic cell counter  
(Coulter  Electronics).  Radioactivi ty was assayed using Aqua-  
sol (New England Nuclear)  on a Packard Tricarb liquid 
scintillation spectrometer .  Up take  was expressed as nmol/106 
cells. The same procedure  was adopted for the uptake of 
(G-3tt) vinblastine sulphate (sp. act. 9.9 Ci/mmol)  at 7 x 
1 0 - 9 M  concentrat ion and [3H]methotrexate (sp. act. 18.1 
Ci/mmol)  at 10 ~tM concentrat ion for up to 22 h. 

Chromosome analysis. A n  exponential ly growing cell suspen- 
sion in R P M I  1640 supplemented with 10% horse serum was 
t reated for 2 h at 37 ° C with vinblastine (1.23 x 10 -7 M). The  
cells were  centr ifuged (160 g, 4 ° C) and the pellet  resuspended 

T a b l e  1. The effect of methotrexate and the vinca alkaloids on the 
colony-forming ability of L1210 murine lymphoma and LI210/R7A 
(methotrexate-resistant L1210) cells grown in RPMI 1640 supple- 
mented with 10% horse serum 

LDso (M) 

L1210 L1210/R7A 

Metbotrexate 3.6 x 10 -s 7.7 x 10 -4 
Vincristine 1.0 x 10 -8 7.8 × 10 -9 
Vinblastine 2.8 x 10 -9 1.3 x 10 .9 
Vindesine 1.1 x 10 .8 2.0 x 10 -9 
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in 0.075 M KC1 for 10 min at 4 ° C. The cells were again 
centrifuged (160 g, 4 ° C) and the resulting cell pellet fixed in 
methanol : glacial acetic acid (3 : 1), washed a further three 
times with the fixative, and spread on a microscope slide and 
air-dried. Following staining with 2% Giemsa in Gurr 's  buffer 
(pH 6.8, 8 rain), they were washed with buffer and mounted. 
Fifty metaphases were counted for each cell line. 
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Fig. 2. Time course of [3H]methotrexate uptake to L1210 (0 
and L1210/R7A (O ©) 
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Results 

Cell survival 

The effect of continuous exposure of methotrexate and the 
three vinca alkaloids on the survival of L1210 and L1210/R7A 
cell lines are shown in Fig. 1. It can be seen from the relative 
LDs0 values (Table 1) that the R7A cell line is over 20,000 
times more resistant to methotrexate than the sensitive 
parental cell line, and that these cell lines show collateral 
sensitivity with their sensitivity to vinblastine and vindesine 
increased 2.2- and 5.5-fold, respectively. Only marginal 
collateral sensitivity (ratio 1.3) is seen with vincristine. 

Labelled drug uptake 

The intracellular uptake of radiolabelled methotrexate, vin- 
cristine, and vinblastine is shown in Figs. 2, 3, and 4, 
respectively. The L1210 parental line accumulated three-fold 
greater amounts (nmol) of labelled methotrexate than the 
resistant L1210/R7A cell line. 

However, the L1210/R7A line accumulated a two-fold 
higher level of labelled vincristine than the L1210 line by 22 h 
(Fig. 3). The labelled vinblastine, however, followed a more 
rapid incorporation in the first hour, but by 22 h no further 
incorporation had occurred and the difference was barely 
significant (Fig. 4). Labelled vindesine was not available for a 
similar study. 

Chromosome counting 

Both the L1210 parental line and the L1210/R7A methotrex- 
ate-resistant line had similar median chromosome numbers 
(38.2 + 1.41 and 37.2 + 1.48, respectively). There was no 
evidence of double minutes in the cell lines; however, some 
evidence for homogenous staining regions has been obtained 
by Giemsa banding with the L1210/R7A cell line (Ockey, 
personal communication), which together with the high levels 
of dihydrofolate reductase [21] suggests that gene amplification 
is the most probable cause of resistance to methotrexate in this 
cell line*. 

Discussion 

A decrease in membrane transport has frequently been 
reported [6, 11, 24] to be associated with resistance in 
mammalian cells to antitumour agents. A difference in 
intracellular accumulation of methotrexate [23] and the vinca 
alkaloids [6] has been associated with resistance in some cell 
lines. 

In the present study the presence of homogenous staining 
regions and the lack of double minutes on chromosome 
analysis strongly suggests that gene amplification may be 
responsible for the methotrexate resistance. The slightly longer 
doubling time, i.e., 15.7 + 0.6 h compared with 19.1 + 0.3 h, 
of the resistant cell line may be due to some difficulty being 
experienced by the resistant cells during their transit of the cell 
cycle. Such an elongation of the cell-doubling time has 
previously been reported for other methotrexate-resistant 
lines. For example, an $180 mouse sarcoma had a cell-doubling 
time of 18 h and a subline approximately 10,000-fold more 
resistant to methotrexate (AT 3000) had a cell doubling time of 
24 h [2]. In addition, another report  by Kaufman et al. [18] 
used a similar $180 routine line (doubling time 16 h) and a 
resistant line (AT/300) with a reported doubling time of 23 h. 
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The resistance of both these cell lines was attr ibuted to gene 
amplification. 

The  total  uptake of labelled methot rexate  in the present  
studies did not  relate to the larger differences observed in the 
dihydrofolate  reductase content  in these cell lines [21], which 
suggests that a considerable propor t ion of the cellular content  
of the drug was non-specifically bound.  However ,  the relative 
uptakes of  vincristine and vinblastine do not correlate with the 
survival data for these two alkaloids. 

In conclusion, a collateral sensitivity towards at least two 
of the three vinca alkaloids has been observed for a 
methotrexate-resis tant  line of  L1210, which cannot be fully 
accounted for by differences in the relative uptake of at least 
two of them, viz. vincristine and vinblastine, into the two cell 
lines. It is particularly noteworthy that vindesine showed the 
greatest  degree  of collateral sensitivity in this pair of cell 
lines. 
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* Note added in proof.  A study (J. Brennand) of this resistant line 
using a cDNA probe specific for the DHFR gene, shows an 
amplification of between 25 and 100 fold of DHFR gene 
sequences. 


