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HUMAN tumor xenografts in athymic mice 
frequently increase their growth rates during the 
first 3-5 transplantations [l-3], probably as an 
adaptation to the new environment. On sub- 
sequent transplantations they have been found to 
retain constant growth rates, even for several years 
[4,5]. However, we demonstrate here that 
spontaneous alterations in the growth rates of 
xenografts may occasionally occur and that such 
changes may be associated with altered sensitivity 
to some but not necessarily all chemotherapeutic 
drugs. The results emphasize that in studies on 
serially transplanted human tumor xenografts it 
is essential to monitor the growth rates, 
particularly when xenografted tumors are used 
for chemosensitivity studies. 

The growth rates of two melanoma xenografts 
at different passages are shown in Fig. 1. It is seen 
that the xenograft MMX-G.E. (left panel), when 
small, grew almost exponentially and that later 
the growth rate tapered off as expected. The tumor 
volume doubling times (TDs) remained constant 
from the second to the ninth passage, correspond- 
ing to a period of 14 months. However, the growth 
rate of the next passage measured, P,,, was 
slightly but definitely increased and that of PI7 
was markedly increased. From then on the growth 
rate again remained constant, so far (PS4) for a 
period of more than 36 months. Apparently most 
of the change in the growth rate occurred between 
P,, and Pr7, i.e. duringa periodof about6 months. 
The increase in growth rate was associated with a 
decrease in the lag-time. 

In the case of MMX-T.H. (Fig. 1, right panel) a 
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Fig. 1. Growth at different passages of two xenografted 
malignant melanomas. Transplantation and measurement 
procedures are as described in [4]. Numbers in parentheses give 
the time, in days, required to double mean tumor volume 

(30 - 60 mm3). 

marked change in growth rate occurred during a 
3-month period (from P, to P,J. After this the 
growth rate remained constant, so far for a period 
of 22 months. In this xenograft there was a large 
difference in the lag-time between P, and P7. 

The increased growth rate of the two xenografts 
was not associated with substantial differences in 
histological and ultrastructural appearance. 
Morphologically dissimilar cell populations 
could not be discerned. In the case of MMX-G.E., 
where a series of examinations had been carried 
out also before the increase in growth rate, it was 
found that the enhanced growth rate was not 
accompanied by changes in the pattern of lactate 
dehydrogenase isoenzymes, the chromosome 
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number (Table 1) or the fraction of clonogenic 
cells, as measured by a soft agar assay [6]. 

Cytofluorometric measurements showed (Fig. 
2) that the change in growth rate of MMX-G.E. 
was associated with an increase in the fraction of 
cells in S phase. The growth parameters obtained 
by analysis of such data are summarized in Table 
1. The fraction of cells in S phase had increased 
approximately 3-fold and concurrently the 

Table 1. Characteristics of the malignant melanoma 
xenograft MMX-G.E. before and after increase in 

growth rate 

Before After 

Doubling time in z~ivo (days)* 
Cells in G,/G, (%) 
Cells in S (%) 
Cells in G2 + M (%) 
Growth fraction? 
Cell loss factor? 
DNA index$ 
Chromosome number: modal 

range 
Plating efficiency in soft agar§ 

8.0 2.6 
80 70 

5 16 
15 14 

0.16; 0.20 0.56; 0.71 
0.70; 0.79 0.12; 0.37 

2.9 2.9 
43 46 

29-58 37-54 
0.6-0.8 0.4-0.8 

*Time required to double volume of tumor of 30 mm3 [4]. 
tThe figures were calculated on the basis of cell cycle para- 

meters, previously measured on a slow-growing and a fast- 
growing melanoma xenograft respectively [7]. 

$DNA index of diploid cells = 2.0. 
tjpercentage of viable cells plated. 
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Fig. 2. DNA histograms of the melanoma xenograft MMX- 
G-E- before (a) and after (b) change in growth rate. The first, 

small peak is due to non-parenchymal mouse cells. 

fraction of cells in G,/Go had decreased slightly. 
The fraction of cells in G2 + M and the DNA 
content of the cells in G,/G,,, expressed as the 
DNA index, were unchanged. The estimated 
growth fraction was about three times greater at 
the high than at the low growth rate [7]. 
Concurrently, the cell loss factor decreased 
appreciably. The results indicate that the 
observed increase in growth rate involved at least 
these two factors. 

In the case of the second melanoma, MMX- 
T.H., a histogram obtained after the growth 
change exhibited two distinct peaks, suggesting 
the existence of at least two different tumor cell 
populations. 

Since we have measured in an early passage the 
sensitivity of MMX-G.E. to four cytostatic drugs, 
the spontaneous increase in growth rate offered an 
opportunity to study in one specific tumor line 
the relationship between growth rate and 
chemosensitivity. The effect of DTIC on the 
growth rate of early ( Ps) and late (P,,) passages is 
shown in Fig. 3. It is evident that the fast growing, 
late passage was significantly more sensitive to 
DTIC than was the early passage. Similar data 
were obtained with CCNU (Table 2). These 
results are consistent with the finding that DTIC 
and CCNU act more strongly on proliferating 
than on normal resting bone marrow cells [S, 91. 

Xenograft MMX-G.E. responded poorly to 
vinblastine. On the basis of its mechanism of 
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Fig. 3. The effect of DTIC on the growth of MMX-G.E. 
examined at an early (I’,) and a late (PJ2) passage in athymic 
mice. The treated and the control groups of mice consisted of 
8-10 animals. Each symbol represents the mean diameter 
difference 3S.E. of the tumors, as compared with the mean 
diameter at the start of treatment. DTIC (250 pg/kg i.p.) was 

given at the times indicated by the arrows. 
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Table 2. Chemosensitivity of the 
malignant melanoma xenograft MMX- 
GE. before and after increase in growth 

rate 

Growth delay? 
Drug* Before After 

CCNU 2.7 >6.0 
DTIC 2.6 >7.5 
Vinblasdne 0.5 0.7 
Abrin 1.6 1.5 

*The doses and schedules were as in [4]. 
tTDma,ed - TDconmo~ 

TJ%o.uo~ ’ estimated as in [4]. 

action, vinblastine might be expected to have a 
stronger effect when the growth rate and the 
growth fraction of the xenograft are increased. 
This was, however, not the case (Table 2). The 
results indicate that the cells were inherently 
resistant to vinblastine and that their response to 
this drug was not influenced by the increase in 
growth rate. Likewise, no increase in the 
sensitivity of the xenograft to the protein 
synthesis inhibitor abrin occurred when the 
growth rate increased. This is consistent with our 
previous finding that normal proliferating bone 
marrow cells were no more sensitive to abrin than 
were normal resting bone marrow cells [lo]. 

In the case of the second melanoma, MMX- 
T.H., the chemosensitivity had not been measured 
before the increase in growth rate. Measurements 
after the increase showed that this xenograft, 

while resistant to DTIC and abrin, was now 
exceptionally sensitive to CCNU and vinblastine. 
The sensitivities to CCNU (growth delay >9.8) 
and to vinblastine (growth delay >6.6) are the 
highest ones observed in our laboratory so far. 
The results suggest that also in this case the 
increase in growth rate had resulted in changes in 
the chemosensitivity. 

These results emphasize that although the 
growth rate of tumors influences their sensitivity 
to some drugs, other factors also affect the 
sensitivity and may prevail over the growth rate. 
This is also evident from a previous study where 
we compared the sensitivity of different tumors to 
various drugs. Thus we found that for the five 
melanoma xenografts examined, the sensitivity to 
CCNU, DTIC and procarbazine was actually 
inversely related to their growth rates [l 11. 

It is clinically accepted that cancers frequently 
alter their growth rates. The explanation usually 
offered is that such changes involve a selection of a 
subpopulation of tumor cells, caused by host 
factors or by the treatment. In the experiments 
reported here there was no positive evidence that a 
selection of a ‘subpopulation had taken place. 
The spontaneous growth change observed sug- 
gests the possibility that such changes in patients’ 
tumors may also sometimes be spontaneous and 
not necessarily induced by extra-tumoral factors. 
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