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Abstract-The kinetic features of Lewis lung carcinoma (3LL) and of two in vitro 
and two in vivo derivative lines were studied by flow cytometry. The in vitro lines 
Cl08 and BC215 show the same tetraploid DNA content and a very similar cel1 cycle 
structure, characterized by a prevalent S fraction. Also, the in vivo lines, the original 
3LL and M1087, show a tetraploid DNA content, while the BM21548 is characterized 
by a hy#erdì@oid DNA mode and a broader dìstribution of DNA values. NO diflerence 
in the modal DNA value is found between each primary tumor and the corresfionding 
lung metastases for al1 the in vivo lines. In addition, an increase in the Cl component 
corresfionding to a decrease in the S fraction is observed during the tumor growth. These 
kinetic features were related to some malignant fir@erties of SLL lines, such as growth 
pattern and metastatic potential. Our findings indicate that a direct cowelation is not 
always fiossible to establish. 

INTRODUCTION 
THE AVAILABILITY of different tumoral lines 
isolated from the same parent tumor 
represents a useful tool for cancer chemo- 
therapy studies [ll. In fact, such model systems 
are very suitable for reproducing the hetero- 
geneous nature of both experimental and 
human tumors [2,3]. As previously reported 
[4,5], variant lines from a Lewis lung car- 
cinema (3LL) were selected in our laboratory 
either in uitro or in vivo. These tumor sub- 
populations differ from each other in such 
biological parameters as clonogenic ability, 
tumorigenicity, metastatic potential as wel1 as 
therapeutic response to antineoplastic agents 
KW. 

In the present work the cel1 cycle structure of 
both in vivo and in vitro bes of 3LL was 
studied by determining the relative DNA con- 
tent distribution and analysing the cel1 fraction 
in the various cycle phases. This was in order to 
(i) ascertain whether the heterogeneity obser- 
ved in some biological characteristics of these 
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tumor lines could also extend to such kinetic 
parameters; (ii) verify whether these kinetic 
features, in particular the modal DNA con- 
tent, could be related to some malignant pro- 
perties of 3LL lines (such as growth rate and 
metastatic ability); (iii) gain, through the analy- 
sis of the cel1 cycle structure of this model 
system, helpful information to the therapeutic 
control of tumors which express multiclonal 
properties. 

MATERIALS AND METHODS 
3LL lines 

Throughout in vivo studies Ml087 and 
BM21548 lines (at the 65th and 50th passage in 
animals respectively) were analysed and com- 
pared with the originaì 3LL line. These tumor 
lines routinely transplanted intramuscularly 
into C57B1/6 mice maintain both the macros- 
topic features and the histologie type consistent 
with those of the parent line. For the in uitro 
studies Cl08 and BC215 lines derived from 
lung nodules of a 3LL tumor were used. Cells 
were grown in monolayers adherent to the 
plastic surface of 25-mm’ Falcon flasks in 
Waymouth’s medium supplemented with 15% 
calf serum. Monolayers were incubated at 37°C 
in a humidified atmosphere of 5% CO* in air. 
When these experiments were performed, the 
Cl08 line was in the 218th passage and BC215 
in the 129th passage. 
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The procedure we followed to isolate and 
select either the in vivo or the in uitro lines of 
3LL in our laboratory, their main biological 
characteristics and their response to some 
antineoplastic agents have al1 been previously 
reported 14-81. 

Prefiaration of cel1 samples 
In vivo hes. Tumor biopsies were removed 

from all the 3LL lines at various stages of the 
growth (i.e. days 8, 15, 23 after implantation of 
5 X 105 viable tumor cells). Single cel1 suspen- 
sions of both the primary tumor and lung 
metastases were prepared as follows: non- 
necrotic tissue was rinsed in Dulbecco’s phos- 
phate-buffered saline (PBS), Ca*+ and Me- 
free (Gibco), pH 7.4, finely minced with scissors 
and then filtered through a triple layer of 
gauze. In some instances, when cel1 clumps 
were observed in DNA distribution histograms, 
the measurements were repeated after diges- 
tion with 0.5% pepsin hydrochloride (Serva) at 
room temperature for 10 min. 

In vitro lines. The analysis of DNA dis- 
tribution was carried out on cells in the 
exponential phase of growth. Cells were har- 
vested using 0.025% tripsin at 37°C for 5 min 
and after centrifugation the pellet was resus- 
pended in Dulbecco’s PBS, Ca*+ and Me-free, 
pH 7.4. 

The microscopic monitoring of tumor cel1 
suspensions assured a satisfactory leve1 of cel- 
lular dispersion. Sometimes cells were fixed in 
cold ethanol at a final concentration of 70% 
and measured within one week. The DNA dis- 
tribution patterns of fixed cells were quite 
comparable to those of cells measured im- 
mediately after harvesting. 

Flow cytometry (FCM) 
DNA fluorochromation was accomplished 

with a staining solution containing: 10 pg/ml 
mithramycin (kind gift from Dr. C. Forte- 
Pfitzer, Italy), 10 pg/ml propidium iodide 
(Calbiochem Behring Co., U.S.A.), 15 mM mag- 
nesium chloride, 0.1% Nonidet, Tris-HCl, pH 
7.5. After 1 hr at 4°C the sample was measured 
in a ICP22 pulse cytophotometer (PHYWE) 
using a mercury 100 W lamp, excitation filter 
BG12 3 mm coupled with a step filter K590. 
Signals were processed by a multichannel 
analyser (Laben). For each sample, 20 x los- 
40 x 10’ cells were measured and DNA histo- 
grams were analysed by computer fitting a 
polynomial function to the S phase, according 
to the method of Dean [9]. The location of the 
diploid peak was established by measuring a 
sample of whole blood from normal C57Bl/6 

mice. Normal cells, always found to a varying 
amount in biopsies, served as a standard 
reference for the ploidy identification of the 
tumor cells in the in vivo samples. Ploidy was 
expressed as DNA index (DI), which 
represents the relative DNA content of tumor 
Gl/GO cells in comparison to the content of 
diploid normal cells. The calculated coefficient 
of variation (C.V.) of both the normal and the 
tumor Gl/GO peak ranged between 2.5 and 
3.5%. When present, the background was sub- 
tracted using the method of Beek [lO]. 

RESULTS 
3LL in vivo lines 

DNA histograms of both primary tumors 
and relative lung metastases of the in vivo lines 
are illustrated in Fig. 1 and the fraction of cells 
in the cycle phases is reported in Table 1. 

In al1 the histograms the first peak cor- 
responds to the normal value, 2C, and this is 
due to the normal cells (leukocytes, fìbroblasts, 
etc) present in the tumor. The amount of cells 
under this peak varies according to the tumor 
age, being relatively higher in the early growth 
stages and in lung metastases. By comparing 
the data referring to the Ml087 line and to the 
original one, the following observations were 
made: 

(i) At the tumor stages considered the two 
lines show a very similar structure of the cel1 
cycle. In particular, for the original line the 
percentage of cells in the various cycle phases is 
in good agreement with data reported by 
Crissman et al. [ll] on the same tumor. 

(ii) The two lines exhibit a tetraploid DNA 
content (DI = 2.0) which is the same in both the 
primary tumor and in lung metastases. 
Moreover, as reported in Fig. 2, the proli- 
ferative pattern of the metastatic cel1 popu- 
lation seems to be related to the pattern of the 
primary tumor. In fact, a linear correlation 
between Gl/GO and S fractions of the primary 
tumor and those of the corresponding lung 
metastases appears to hold (0.05 > P > 0.02). 

(iii) Finally, as expected, in both the lines the 
Gl/GO component increases according to the 
tumor age (from early to late stages of the 
growth), while the S fraction correspondingly 
decreases. 

The DNA content distribution of the 
BM21548 line is illustrated in the panels G-1 of 
Fig. 1. As evident, this line differs from the 
others in that the modal DNA value is hyper- 
diploid (DI = 1.35). Moreover, a broader dis- 
tribution of DNA extending to a peak located 
at four times the modal DNA value is observed. 
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Table 1. In vivo 3LL lim. Fraction of cells in the cycle phases, at different stages of growth 

Tumor Stage Day 
Original line Ml087 line 

Gl/GO S G2lM Gl/GO S G2/M 

Early 8 37 55 8 38 55 7 
Intermediate 15 43 52 5 43 50 7 
Late 23 59 35 6 54 39 7 
Late metastases 23 51 41 8 52 37 11 

The values concerning primary tumor and Iung metastases at late stages of the growth (23rd day) were 
calculated on the same host. 
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Fig. 1. DNA histocams of in vivo SLL hs. Upper Qanek = original lint (A-B-C); middlc panels = Ml087 
line (D-E-F); lower panels = BM21548 litw (G-H-I). A, D, G = Qrimary tumor at day 8 after imQkznhtion of 
5 X ld via& cclls; B, E, H = Qrimary tuw at day 23 afIer im&nfation of 5 X l@ viabk cells; C, F, 1 = lung 
meta.stasu cowesQonding to Qrimary tumors B, E, H, respectivcly. In al1 histograms the fint Qeak on the lefi reQresents 
2C cells ; the differente in íis location dc~ends on di&rent inshumental wttings. 7’he fiachon of di$loid cello relative 
fo total QoQulation is: 61% (A), 18% (B), 32% (C), 50% (D), 38% (E), 75% (F), 56% (G), 29% (H), 52% (1). 
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Fig. 2. Fraction of GlIGO and S cells in the original line (@) 
and in M 1087 line (W). Metastases versus primaq tumor in the 
same animal. The leve1 of signijkance of correlation coejicient 
(r) is: P<O.O5. (Gl/GO original line), 0.20 (Gl/GO Ml087 

line), 0.10 (S original line), 0.05 (S Ml087 line). 

In this line the fraction of cells beyond the G2 
tumor peak accounts for about 10% of the 
whole tumor DNA distribution, while in the 
other lines for less than 1%. This holds true 
even when the samples are measured after 
pepsin digestion in order to minimize artifacts 
due to cel1 clumping. 

On the basis of these observations the 
presence in the BM21548 line of a second cel1 
population with a multiple DNA content (DI = 
2.70) could not be excluded. Consequently, the 
calculation of cel1 fraction in the cycle phases is 
impossible. 

Moreover, it is interesting to note that also in 
this line both primary tumor and lung metas- 
tases exhibit a similar DNA distribution and the 
same DNA index. 

3LL in vitro lines 
The DNA content distributions of the lines 

named Cl08 and BC215 were analysed in the 
exponential phase of the growth. A quite 
similar pattern is observed in both lines during 
this phase. A representative DNA content his- 

togram at day 5 of growth is shown in Fig. 3, 
panels A and B, for the Cl08 and BC215 lines 
respectively. As can be seen, a similar DNA 
distribution is found in the two in vitro lines, 

mainly as regards the high S phase compart- 
ment. The DNA index, determined as pre- 
viously described, has the same value for both 
Cl08 and BC215 lines (DI = 2.0). 

DISCUSSION 
One of the purposes of the present study was 

to examine whether there is any correlation 
between DNA content distribution, as evalu- 
ated by FCM analysis, and some biological 
properties elicited by 3LL lines (such as growth 
rate and metastatic potential). In the in vivo 
lines, the original 3LL and M1087, no positive 
correlation can be established between the cel1 
fractions in the cycle phases and growth rate. 
In fact, as can be seen from Tables 1 and 2, a 
quite similar cel1 cycle structure is found in the 
two lines in spite of the differences previously 
observed in their growth curve [7,12]. In par- 
ticular, in the early stage the original line grows 
faster than the Ml087 (Td = 2.2 days VS 3.0 days 
respectively), whereas in the late stage the 
growth of the original line is considerably 
slowed down in comparison with that of the 
Ml087 line (Td = ll.6 days VS 6.0 days respec- 
tively). It is therefore reasonable to assume that 
in this case the differences in the growth rate 
should be ascribed to factors like cel1 loss or 
vascularization rather than to strictly tem- 
poral or cel1 cycle-dependent parameters. As 
regards the in vitro lines Cl08 and BC215, the 
similarity in the cel1 cycle structure reflects the 
similarity of the growth characteristics shown in 
the two lines [12, and Table 2 in this paper]. In 
this work we found that the tumor lines 
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Fig. 3. DNA histogrants of in vitro 3LL lines. Cl08 line (panel A), BC215 line (panel B) at day 5 of growth. 
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Table 2. Biologícal properties of the ín vivo and in vítro lines of Lewis lung carcinoma 

Mean No. colonies/lung ? S.E. 
Spontaneous Artificial Doubling time (hr) DNA index Fractions of cells in S 

metastases* metastasest E L++ E I L MS 

In vivo lines 
Original line 38.0 * 2.0 19.0 2 2.0 52.8 278.4 2.0 55 52 35 41 
Ml087 line 69.0 +- 9.0 50.0 +- 8.0 72.0 144.0 2.0 55 50 3!) 3i 
BM21548 line 8.0 f 2.5 4.4k1.4 48.0 216.0 1.35 n.e. 

In vilro lines 
C108line - 4.0rro.5 16-17 - 2.0 n.e. 63 n.e. - 

BC215 line - 0.3 20.1 16-17 - 2.0 n.e. 67 n.e. - 

*Lung colonies evaluated 21 days after i.m. implantation of 2.5 X 105 viable tumor cells [8, 141. 
tlung colonies evaluated 19 days after i.v. injection of 2.0 X 105 viable tumor cells [6,8, 141. 
JE: early stages of growth (8th day) for the in vivo lines or exponential phase (5th day) for the in vitro lines. L: late stages of 

growth (15th day). 
EjE, 1, L: early, intermediate, late stages of growth, respectively. M: metastases. 

derived from 3LL are heterogeneous in their 
DNA content. Experimental studies by other 
laboratories have demonstrated that a positive 
correlation between DNA content and other 
cellular properties (such as malignancy) often 
exists, even if the origin of this correlation has 
not been clarified. We reported in previous 
work [6-8, 131 that a marked heterogeneity in 
metastatic potential (both in terms of artificial 
lung colony-forming ability and spontaneous 
metastatic ability) is expressed by the various 
lines of 3LL. Data reported in the present 
study indicate that for the in vitro lines such 
heterogeneity is not correlated with the DNA 
content. In fact, the Cl08 line, which exhibits a 
metastasizing ability ten times greater than that 
of the BC215 line [6, 14 and Table 2 in this 
paper], shows, on the other hand, the same 
tetraploid DNA content. On the contrary, if we 
consider the in vivo lines, the higher DNA 
content of Ml087 line compared with that of 
BM21548 (DI = 2.0 VS 1.35 respectively) cor- 
responds to a higher metastasizing ability of the 
former line in respect to the latter [7, 8, 14, and 
Table 2 in this paper]. 

Such a positive correlation between increased 
DNA and more malignant characteristics was 
also described by Suzuki et al. [15] on different 
clones of a mouse flbrosarcoma. Moreover, it is 
interesting to note that in al1 the in vivo lines 
there is a strict correlation between the DNA 
distribution patterns of the primary tumor cells 

and cells from the corresponding metastases, as 
wel1 as an identical DNA content. These results 
are in agreement with data reported by various 
authors on some human tumors [16,17]. The 
biological and clinical significante of such cor- 
relations have stil1 to be exploited; they might 
be interpreted to reflect similar patterns of 
cellular proliferation in both tumor sites. 

As previously mentioned, the present work 
was designed as part of a study of the relation- 
ship between the cel1 cycle structure of our 
model system (in vitro-in vivo 3LL) and drug- 
induced cel1 kinetic perturbations. The 
similarity in cel1 cycle structure between the two 
in vivo lines (the original 3LL and M1087) and 
the two in uitro ones (Cl08 and BC215) does 
not seem to account for the different che- 
mosensitivity and/or resistance to various drugs 
shown by these tumor lines [7,8,14]. On the 
other hand, because of the great interest of this 
kind of proliferative study, we intend to con- 
tinue and extend our researches for a more 
detailed analysis of possible cycle-specific effects 
of drug regimens on this tumor model system. 
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