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Clonal Dominance Between Subpopulations of
Mixed Small Cell Lung Cancer Xenografts
Implanted Ectopically in Nude Mice

K. Aabo, L.L. Vindelgv and M. Spang-Thomsen

Clonal evolution of neoplastic cells during solid tumour growth leads to the emergence of new tumour cell
subpopulations with diverging phenotypic characteristics which may alter the behaviour of a malignant disease.
Cellular interaction was studied in mixed xenografts in nude mice and during in vitro growth of two sets of small
cell lung cancer (SCLC) subpopulations (54A, 54B and NYH, NYH2). The tumour cell lines differed in cellular
DNA content enabling flow cytometric DNA analysis (FCM) to be used to monitor changes in the fractional
composition of the mixed cell populations. The progeny clone 54B was found to dominate the parent 54A clone
when grown as mixed subcutaneous xenografts in nude mice, whereas no dominance was exerted during in vitro
growth. The in vivo dominance could not be explained by differences in growth kinetics between the two tumour
cell lines, and the interaction was not dependent on 54B being in excess in mixed tumours. The dominance was
dependent on close in vivo contact as no remote effect on the growth of 54A was found when the dominating 54B
cells were growing in the opposite flank of tumour-bearing mice. Irradiation inactivated 54B cells were unable to
exert the dominating effect, indicating that the interaction required viable and proliferating cells. Clonal
dominance was not found in mixed NYH-NYH?2 tumours indicating that the dominance mechanism(s) may not
always be operational between subpopulations in heterogeneous tumours. Recognition of interaction between
tumour cell populations may result in a better understanding of the behaviour of heterogeneous human
malignancies.
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INTRODUCTION

CLONAL EVOLUTION of genetically unstable neoplastic cells has
been suggested to cause emergence of new tumour cell clones
resulting in tumour cell heterogeneity (subpopulations) in malig-
nant tumours [1]. Despite considerable interest during the past
few years in the cellular heterogeneity of malignant tumours,
expressed as phenotypic diversity among tumour cells [2-7],
information is limited about cell—cell interaction among human
tumour cell subpopulations in solid tumours.

Using phase microscopy to identify individual clones after
disaggregation of mixed tumours followed by in vitro tumour
cell growth, Leith and associates [8] have shown that equal
mixtures of two subpopulations of a human colon tumour grown
in nude mice were unstable until a stable equilibrium of a 1/9
composition was reached. Whether this change in cell compo-
sition in the mixed solid tumours was due to clonal interaction
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or simple growth kinetic differences between the two cell lines
cannot be evaluated as no growth Kkinetic parameters were
indicated in this study. Similarly, in a human breast carcinoma
(MDA-MB-435), one single, genetically tagged clone was found
to dominate a mixed tumour [9]. However, in this case the most
likely explanation was growth Kinetic differences between the
clones as the dominating clone grew faster than the other clones.
Using genetic tagging of a human renal cell carcinoma grown in
nude mice, Staroselsky and coworkers [10] demonstrated that
distinct clones dominated metastases of different organs, and
concluded that clonal dominance was influenced by organ
environment. Cellular interaction indicating clonal dominance
has also been demonstrated in murine tumour systems [11-18].
Small cell lung cancer (SCLC) has been shown to be a
heterogeneous tumour with respect to several phenotypical as
well as genotypical characteristics [19], including cellular DNA
content [20]. In order to evaluate the effect of cellular heterogen-
eity on tumour evolution in SCLC, we studied the changes in
cellular composition in artificially mixed tumour xenografts of
two sets of SCLC subpopulations (54A, 54B and NYH, NYH2)
in nude mice and in vitro. Since the cell lines were distinguishable
by differences in cellular DNA content, the changes in the
proportions of the cell lines were monitored by flow cytometric
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DNA analysis (FCM). We found that in one pair of subpopula-
tions (54A, 54B), the progeny population (54B) was able to
dominate the parent population (54A) when the cells were
growing together in mixed solid tumours. The interaction
required viable and proliferating cells. The interaction could not
be demonstrated in vitro. No such interaction was demonstrated
between another pair of SCLC subpopulations (NYH, NYH2).

MATERIALS AND METHODS

Cell lines

The tumour cell lines 54A and 54B were obtained as described
elsewhere [21] by in vitro cloning of a cell line (CPH SCCL 054)
established from an untreated SCLC. The cell lines differed in
DNA content with DNA indices determined by FCM of 2.30
for 54A and 1.30 for 54B. The proliferation kinetics were similar
for the two cell lines [22]. The cells were maintained in Eagle’s
minimal essential medium supplemented with 20% fetal bovine
serum at 37°C in a humidifed atmosphere of 5% CO, and 95%
air.
OC-NYH (NYH) was originally obtained from a previously
untreated patient with SCL.C as described elsewhere [23]. The
DNA index was 1.30. During in vitro culture, a new population
NYH2 with a DNA index of 1.15 emerged. The cell lines were
maintained at 37°C in RPMI 1640 with 10% fetal calf serum in a
humidified atmosphere with 7.5% CO, [24]. The cell lines were
free of mycoplasma contamination.

Mice

Six-week-old specific pathogen free athymic nude mice of
BALB/c background (Bornholtgaard Breeding and Research
Centre, Ry, Denmark) were used as tumour-bearing hosts. The
mice were kept under sterile conditions in laminar air flow
benches with a room temperature of 25 * 2°C and a relative
humidity of 55 = 5%. Sterile food and water were given ad
libitum. For tumour maintenance, serial transplantation was
performed under general anaesthesia with propanidid
(Epontol®) by inserting tumour blocks of about 2 mm? subcut-
aneously (s.c.).

The 54A—54B experiments

In vivo experiments. Tumours weighing 1.5-2.0 g were
excised and disaggregated into single cell suspensions using a
combined mechanical-enzymatic procedure [25]. The fraction
of viable cells was determined by the nigrosin dye exclusion test.
Cell mixtures of 54A/54B were prepared in proportions of 1000/1,
100/1,10/1, 1/1, 1/10, 1/100 and 1/1000. Samples of 10 cells from
each mixture and controls were prepared for FCM. Aliquots of
0.1 ml (= 5 x 106 cells) were inoculated s.c. in the right flank
of male nude mice, 2—4 mice per mixture. Six control animals
were inoculated in both flanks with either 5 x 10° 54A or
5 x 10° 54B cells. After 3 weeks of tumour growth, fine-needle
aspirations from the individual tumours were prepared for FCM.
In order to ensure that the aspirate was representative for
the entire tumour, the aspiration needle was moved in many
directions under continuous aspiration. Aspirations were
repeated 6 weeks after inoculation.

In a parallel experiment, 54B cells were implanted into the
one flank (15 mice) and subsequently, when the 54B tumours
had reached a size of approximately 5 mm, the 54A cells were
implanted into the opposite flank in order to evaluate a possible
remote effect of 54B on 54A. Animals implanted with only 54A
tumour cells served as controls.

In order to evaluate the effect of radiation killed 54B cells on
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54A cells in mixed solid tumours, a cell suspension of 54B was
irradiated with a single X-ray dose of 180 Gy using a Stabilipan
(Siemens) (dose rate: 5.32 Gy/min. *2% at 300 kV and 8 mA).
After irradiation, a 1/1 mixture of 54A and irradiated 54B was
prepared (FCM: 49/51%). Of each cell line, 2 X 10 cells in
0.2 ml of culture medium were inoculated in both flanks of 10
animals. Non-irradiated 54B cells mixed with 54A cells served
as controls (FCM: 49/51%). Approximately 2 X 10° irradiated
54B cells inoculated in both flanks of 10 animals served as
documentation for the killing of the 54B cells by the irradiation.
After 4 weeks of growth, fine needle aspirates were taken from
the tumours for FCM.

In vitro experiment. 54A and 54B tumours were disaggre-
gated, and triplets of 1/1 mixtures and unmixed 54A and 54B
control cells were cultured as described. The initial total number
of cells per culture was 2 X 10° in the mixtures and 106 in
unmixed controls, respectively; 5 ml of medium were added to
each culture twice weekly.

After 1 week of incubation, the cells were harvested by
trypsinisation with Versene/trypure (1/1 solution). The cells
were washed once in PBS (230 g for 5 min) and resuspended in
culture medium. The total cell number per culture flask was
determined using a haemocytometer and samples for FCM were
prepared.

The NYH-NYH?2 experiment

In vivo experiment. From in vitro cell cultures, NYH and
NYH2 were harvested and a 1/1 mixture containing 5 x 107
cells per ml of each cell line was prepared. Aliquots of 0.2 ml
(107 cells) were inoculated in both flanks of 15 animals. As
controls, 5 X 108 cells of each cell line were inoculated in both
flanks of 10 animals. After 4 weeks of tumour growth, fine-
needle aspirations from the tumours were performed for FCM.

Measurement of tumour cell growth

After tumour take, the tumours were measured bidimen-
sionally with callipers twice weekly. The products of the
measurements (mm?) were used to construct the growth curves.
Using a computer program [26], the median tumour volume
doubling times at a preselected tumour volume of 350 mm? were
calculated.

In the 54A-54B in vitro experiment, the total number of
harvested cells after 7 days of incubation served as a measure of
the growth rate.

Flow cytometric DNA analysis

Samples from single cell suspensions (inoculates and in vitro
cultures) and from fine-needle tumour aspirates were analysed
by FCM using a FACS III (Becton Dickinson, Sunnyvale,
California, U.S.A.) [27]. The proportion of each cell line was
estimated by a maximum likelihood method [27]. The DNA
index of the tumour cells was determined as the ratio of the
DNA content of the tumour Gy+G; cells to that of human
diploid cells by use of chicken and trout red blood cells as
internal standards [28].

RESULTS
Tumour growth
The median tumour growth curves of the four cell lines are
illustrated in Figure 1. No difference in growth between the 54A
and the 54B tumours could be demonstrated. In the NYH
system, the NYH tumours grew faster than the NYH2 tumours.
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Cell cycle distributtons

From Table 1, itappears that 54A and 54B had nearly identical
cell cycle distributions whereas a higher percentage of NYH2
cells were in Go+G, phase and less in S and G,+M phases
compared with NYH.

The S4A-54B experiments

In vivo experiment.  All but one mouse (54A/54B: 100/1) had
tumour take. As illustrated in Figure 2, the fraction of 54B cells
progressively increased, and the fraction of 54A cells decreased
in all tumours. FCM of the intended 1000/1 mixture of 54A/54B
showed only 54A cells as expected in view of the FCM detection
limit of 2-5%. However, after 3 weeks of tumour growth, 54B
cells appeared in the FCM histograms of the tumours, and after
6 weeks 54B cells were the predominant cell type in the tumours.

Table 1. Cell cycle distributions of two pairs of human small lung
cancer cell lines (54A, S4B and NYH, NYH?2) measured by flow
cytometric DNA analysis of the inoculated tumour cells

Cell line DNA index Cell cycle distributions in %
GotG, S G,tM
54A 2.30 82 14 3
54B 1.30 83 13 4
NYH 1.30 57 38 5
NYH2 1.15 79 20 1

Time (weeks)

Figure 2. Relative proportions of the human SCLC cell lines 54A and
54B measured by flow cytometric DNA analysis in various inoculated
cell mixtures and in fine-needle tumour aspirates after 3 and 6 weeks
of subcutaneous tumour growth in nude mice. Progressive dominance
of the 54B population was found in all tumours. Each set of columas
represents an individual tumour.  death of host animal.

In one of the intended 1/1 mixed tumours (FCM determined
proportions of 54A and 54B: 40% and 60%), 54A could not be
detected after 6 weeks of tumour growth. Only 54B cells were
detectable in tumours originating from inoculated mixtures with
excess of 54B. Figure 3 shows the progressive dominance of 54B
cells 3 and 6 weeks after subcutaneous growth of mixed tumours
(54A/54B: 10/1) in a selected series of FCM histograms.

In the experiment in which 54A and 54B grew in opposite
flanks of the animals, the growth of 54A was not affected by the
54B tumours compared with 54A controls (data not shown).

Irradiation experiment. After 4 weeks of observation, all
tumours (n = 15) in the 54A/irradiated 54B group contained
only 54A cells (Figure 4). In the 54A/54B mixed control group,
all cuimours (n = 14) were totally dominated by 54B cells (Figure
4), substantiating the results in the initial experiment. There
was no tumour growth in the 54B irradiated group indicating
that the irradiation dose was sufficient to kill all the 54B tumour
cells.

In vitro experiment. From the intended 1/1 mixture of 54A
and 54B, a relative median increase in 54A and a corresponding
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Figure 3. Selected series of DNA histograms from FCM analysis of
an intended 10/1 inoculated 54A/54B cell mixture and of fine-needle
tumour aspirates after 3 and 6 weeks of tumour growth. The relative
proportions of 54A and 54B in the inoculum were 84 and 16%,
respectively. After 3 and 6 weeks, 54B had increased to 50 and 77%,
respectively, and the percentage of 54A had decreased correspond-
ingly. C: chicken red blood cells, T: trout red blood cells, D: diploid
host cells.
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decrease in 54B of 14% was found after 7 days of in vitro growth
(Figure 5). The number of 54A control cells had increased from
10° cells per culture flask to a median of 6.3 X 10° cells per
culture flask (range 5.5-7.2 x 10°). Similarly, 54B had increased
from 108 cells per culture flask to a median of 3.9 X 105 cells per
culture flask (range: 3.6-4.6 x 109).

The NYH-NYH?2 experiment

In the NYH experiment, 17 of 26 tumour takes in the NYH/
NYH2 mixed tumours were evaluable, i.e. the fine-needle
tumour aspirations contained enough cells for determination of
the cell proportions. In the inoculated mixture, the proportions
of NYH and NYH2 were 56 and 44%, respectively. The median
proportions of NYH and NYH?2 after 4 weeks of tumour growth
were 70 and 30%, respectively (range: 52/48%—100/0%; Figure
6).

DISCUSSION

We have described clonal interaction leading to clonal domi-
nance by the progeny subpopulation of a human SCLC cell line
(54B) over the parent subpopulation (54A) when grown in close
contact in tumour xenografts in nude mice. The interaction
required viable and proliferating cells since irradiation inacti-
vated 54B cells were unable to dominate (growth inhibit) the
54A cells. The dominance was not dependent on the 54B cells
being in excess, and was not due to differences in growth kinetics
between the two cell lines. This was probably the case in the
other studied pair of human SCLC subpopulations NYH and
NYH2, a finding also reported by Price and colleagues [9].

The presented data indicate that subpopulations may domi-
nate other subpopulations in heterogeneous tumours leading to
an apparently more homogeneous tumour than is in fact the
case. The dominated subpopulation may be undetectable by the
method used, and after extinction of the dominating population
by chemotherapy or radiation treatment, the dominated popu-
lation may acquire sufficient growth conditions to become
detectable. The dominance phenomenon is apparently not
always operational between subpopulations of heterogeneous
tumours, as clonal dominance was only found in one of the two
examined sets of subpopulations.

The observed clonal dominance required in vivo growth
conditions as the phenomenon was not found when 54A/54B
mixtures were grown in vitro. A possible explanation is that
stromal components are necessary participants in the process of
dominance as was suggested by Staroselsky and colleagues [10].
This is supported by the observation that no remote effect on
the growth of 54A was seen when the dominating 54B cell
population was growing apart from the dominated population.
Using multicellular spheroids, in which subpopulations presum-
ably also have intimate contact, Rak and Kerbel [29] demon-
strated clonal dominance in vitro.

Using repeated DNA flow cytometry on fine needle-aspir-
ations from the evolving tumours, we have, in more detail than
in previous studies, been able to detect changes in the fractional
composition of heterogeneous tumours. Previous studies on
human and murine tumour systems have used several tech-
niques. Only in one study was FACS analysis of cellular DNA
content performed on disaggregated tumours, as a supplement to
identification of the cell composition end-point of disaggregated
tumours by growth of tumour cells in selective media [11]. In
that study, agreement was found between the two assays and,
the colony forming assay was preferred for future studies. In
murine systems, others have also used a clonogenic assay after
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Figure 4. DNA histograms from FCM analysis of an intended 1/1 mixture of 54A and 54B (a) and of a fine-needle tumour aspirate

respresentative of the median of 14 tumours, 4 weeks after inoculation of the tumour cell mixture s.c. into nude mice (b). The relative

proportions of 54A and 54B in the inoculum were 49 and 51%, respectively. After four weeks of tumour growth, only the 54B population could

be detected. The (c) DNA histogram shows the cell distribution of an intended 1/1 mixture of 54A and preirradiated 54B cells (180 Gy). The

relative proportions of 54A cells and of irradiated 54B cells in the inoculum were 49 and 51%, respectively. The (d) histogram shows the cell

distribution in a fine-needle tumour aspirate after four weeks of tumour growth. All 15 tumours were totally dominated by 54A cells. C: chicken
red blood cells, T: trout red blood cells, D: diploid host cells.

tumour disaggregation to identify subpopulations [14, 16, 30].
In these systems, the cells were not grown in selective media,
but differed in colony morphology [30] or in karyotype [14, 16].
One of the problems with the colony forming assay is that only
selected cells are examined, i.e. colony forming cells that survive
the disaggregation procedure. The drawback of chromosome
analysis is that only the small fraction of cells in mitosis can
be analysed, however, metaphase cells are not likely to be
representative of the entire cell population of a tumour. FCM on
fine-needle tumour aspirates using computer analysis of the
DNA histograms allows analysis of hundreds to thousands of
cells directly and repeatedly from the tumours with a high
sensitivity (a few percent depending on the amount of cellular
debris in the samples) as long as the cell populations have a
distinguishable difference in DNA content. The use of fine-
needle biopsy from solid tumours may lead to a sampling error
if the subpopulations are not evenly distributed within the
tumours. In order to overcome this obstacle, we moved the

aspiration needle in many directions under continuous aspiration
to ensure that the aspirate was representative for the entire
tumour. Others have used genetic tagging of cells in order to
detect the individual subpopulations [9, 10, 12, 15, 17]. Some
of the problems with this method is the low sensitivity [17], or
loss of the marker DNA sequence during DNA replication as a
consequence of genetic instability or through repair mechan-
isms. In addition, the behaviour of the transfected cells may be
altered [31]. Thus, the stability of the marker used to discrimi-
nate the clones under analysis is essential for the interpretation
of the results. The cellular DNA content was stable following
in vivo growth, but other potential markers may be quite
heterogeneous in these individual cell populations.

Only a few studies have been performed on compound human
tumour systems # 2ivo. In a human breast carcinoma, one
genetically tagged clone was found to dominate in mixed tumours
[9]. However, this seemed to be due to a faster growth of this
clone. In a human renal cell carcinoma xenograft, distinct
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Figure 5. DNA histograms from FCM analysis of an intended 1/1

mixture of 54A and 54B and of the median of 3 harvested cell cultures

7 days after incubation. The relative proportions of 54A and 54B in

the initial mixture were 56 and 44%, respectively. After 7 days of cell

culture, 54A had increased to 70%, and correspondingly 54B had

decreased to 30%. C: chicken rred blood cells, T: trout red blood cells,
D: diploid host cells.

clones were found to dominate metastases of different organs,
indicating that the different clones may be influenced differently
by organ environments [10]. We used ectopic (subcutaneous)
implantation of the pulmonary tumour cells, but if there is a
difference in local environmental influence on the individual
tumour cell clones, implantation in the orthotopic site (lung) or
another site may lead to different resuits.

Clonal interaction has also been demonstrated in murine
systems. Miller and colleagues found non-immunological con-
tact dominance among two murine mammary carcinoma sub-
lines grown together in immune competent mice [13]. The same
phenomenon was described in a mouse fibrosarcoma [15] and in
the mouse Shionogi carcinoma system [14]. In a mouse mam-
mary carcinoma [12, 17] and a mouse melanoma [16], metastatic
clones were found to dominate non-metastatic clones. These
studies indicate that, during tumour progression, emergence of
‘more’ malignant subpopulations with metastatic properties may
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Figure 6. DNA histograms from FCM analysis of an intended 1/1
mixture of NYH/NYH2 and of fine-needle tumour aspirate rep-
resenting median changes in 17 tumours 4 weeks after tumour cell
inoculation. The relative proportions of NYH and NYH2 in' the
inoculum were 56% and 44%, respectively. After 4 weeks, NYH had
increased to 70%, and the percentage of NYH2 had decreased
correspondingly. C: chicken red blood cells, T trout red blood cells.

lead to dominance of ‘less’ malignant parent populations, thus
changing the phenotype of the primary tumour.

The mechanism of clonal dominance has yet to be elucidated.
Probably the dominated cells are forced into a quiescent G,
state, equivalent to what is seen when hormone dependent
tumour cells are deprived of their hormonal drive [32, 33].
Thus, a short range paracrine or juxtacrine mechanism involving
either a growth inhibitor secreted by the dominating clone or a
growth promoter secreted by the dominated clone and specifi-
cally stimulating the dominating clone could be an attractive
explanation. A growth inhibitor is probably the most likely, as
no enhancement of tumour growth rate was seen in the present
or in other studies. As radiation killed inhibitor cells had no
effect, such a factor may have a short-lived effect on the
dominated cells thus requiring continuous secretion to be effec-
tive. No growth inhibition could be demonstrated in zitro, a
finding also reported by others {14, 15].

Transforming growth factor beta [TGF-B] has been shown to
inhibit the growth of various cell lines in vitro, whereas other cell
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lines have lost the inhibitory response [34, 35]. In addition,
TGF-B may be involved in the control of proliferation and
differentiation of several lung-derived cell types [36, 37]. The
effect of TGF-B on cell lines is dependent on the presence of cell
surface receptors [34, 35]. Both 54A and 54B express TGF-B
receptors and TGF-38 messenger RNA [38], and both cell lines
are inhibited by TGF-B, in vitro [39]. Whether 54B cells are
producing TGF-B has yet to be investigated. If they do, it may,
as no domination was found in vitro, be secreted in an inactive
form which requires activation in vivo in order to down-regulate
the growth of 54A. In contrast to our findings, Theodorescu and
associates [40] found that TGF-B, production by a dominated
subpopulation which had been irradiated had a growth stimulat-
ing effect on the dominating clone when co-inoculated in vitro,
using an indirect *H-thymidine incorporation assay as end-point
of growth. Using a tumour lag time assay, they claimed that a
similar growth stimulating effect in vivo (Révész effect [41]) by
the irradiated subpopulation was due to TGF-f. They also found
that the dominating clone had four times higher TGF- receptor
levels compared with the dominated clone. In contrast to other
studies, which found that TGF-B is a growth inhibitor, the
conclusion of this study was that TGF-, is a growth stimulator
and may be responsible for the clonal dominance phenomenon.
Growth stimulators, such as epidermal growth factor, TGF-a,
platelet derived growth factor, nerve growth factor and insulin-
like growth factor 1 and 2, had no growth stimulatory effect in
their system. Thus, it seems unresolved whether TGF-B or other
negative growth regulators {42] alone or in combination are
responsible for clonal dominance. Another explanation for the
missing interaction in vitro may be that the cells require intimate
cell contact in order to release or activate the growth regulators,
or that an interaction with stroma cells or intercellular matrix is
necessary [43, 44].

Adhesion molecules, such as NCAM and E-cadhedrin, have
been shown to be involved in cellular interactions during embry-
onic development [45-47]. A decrease in adhesion molecules on
the surface of malignant cells may be contributing to the
metastatic phenotype [47, 48]. In the nude mouse system,
the human SCLC tumours did not metastasise, however, the
explanation for this may be a yet unknown but lacking interac-
tion between the tumour celis and the host stroma. Whether the
expression of adhesion molecules on the tumour cells was
involved in the cellular interaction described in the present study
cannot be evaluated with certainty. Both 54A and 54B cells
have weak expression of E-cadhedrin in xenografts, but strong
expression in vitro. 54B cells showed a slightly higher expression
of NCAM than 54A both in vitro and in xenografts [49]. These
differences may have contributed to the 54B dominance on 54A.

Direct cellular communication via gap junctions [50, 51]
between the tightly packed cells in solid tumours but not in
tissue culture, may represent another putative mechanism.
Miller and associates [52] have shown that resistance against
cytotoxic drugs can be transferred from one subpopulation to
another when the tumour cells are growing together in solid
tumours.

The phenomenon of clonal interaction resulting in cellular
dominance between tumour cell subpopulations may explain
important tumour biological characteristics. According to the
clonal evolution theory [1], genetic instability of neoplastic cells
results in the emergence of a number of new subpopulations.
However, in many clinical tumours, only one or a few subpopula-
tions are detected, depending on the methods used. The expla-
nation could be that pre-existing subpopulations are extinct or
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suppressed below the detection limit of the method used by
cellular dominance imposed by other subpopulations. Using
FCM, Vindelgv and colleagues [53] detected a new clone in a
human colon carcinoma xenograft in nude mice in the 56th
transplant generation. After three transplant passages, the par-
ent population could no longer be detected despite no differences
in growth kinetics between the two populations. The most likely
explanation is that the new population inhibited the parent
population by clonal dominance.

The mechanism by which the leukaemic stem cells are able to
inhibit normal haematopoiesis leading to pancytopenia has been
insufficiently explained. One explanation could be that the
proliferation of normal haematopoietic stem cells are contact
dominated by the leukaemic stem cells either directly or via the
stroma cells of the bone marrow. The leukaemic stem cells may
induce the stroma cells to overproduce a growth inhibitor
causing growth inhibition of the normal haematopoietic stem
cells [54]. The phenomenon of cellular dominance may also be
involved in tumour stem cell to normal cell interaction during
invasive tumour growth, probably resulting in apoptosis of
surrounding normal tissue cells. Finally, development of relapse
after induction of remission by cytotoxic drugs, which is a
common event during the treatment of malignant disease, may
in part be explained by facilitation of growth of suppressed and
drug resistant subpopulations after eradication of a dominating
population which was sensitive to the treatment.
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