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Abstract: Multistage carcinogenesis is an important concept in cancer biology. Each new stage is triggered by the 
acquisition of an additional genetic aberration, leading to clonal expansion of the cancer cell. The resulting tumor 
mass consists of cancer cells with all genetic aberrations, but may include precursor cells at some point of 
carcinogenesis. We analyzed six colorectal cancer tissues with APC, K-ras, and p53 mutations. From each sample, 
40–50 areas (100×100×40μm) consisting only of cancer cells were microdissected, and genomic DNA was 
purified. Ratios of mutated and normal alleles were quantitated by the SNaPshot assay, a primer extension assay. 
In five tumor tissues, we identified cancer cell subpopulations corresponding to putative precursors, i.e., cells with 
mutations in one or two of the three genes. All samples were likely to be of monoclonal origin, and temporal 
sequences of the mutations could be deduced from the mutation patterns of putative precursors. The orders of 
mutation events were variable. However, the two carcinoma tissues accompanying adenoma regions started with 
the APC mutation, not contradicting the previous studies. The analysis also revealed considerable heterogeneity 
in allele ratios of one or two of the chromosomes. The current findings are promising to uncover the process of 
carcinogenesis directly from the tumor tissue of the patient. 
Key Words: carcinogenesis, somatic mutation, intratumor heterogeneity, chromosome copy number variation, 
cancer stem cell 
 

Introduction 
 
Carcinogenesis is a multistage process in 
which an initial population of slightly abnormal 
cells, descendants of a single mutant 
ancestor, evolves through successive cycles of 
mutation and natural selection [1]. The model 
of Vogelstein and colleagues on the temporal 
sequence of genetic events in colorectal 
cancer is known as a typical example [2]. 
According to this model, each new stage is 
triggered by the acquisition of an additional 
genetic aberration which brings a growth or 
survival advantage to the cell. Eventually, this 
leads to clonal expansion of the cell and 
overgrowth over the other cells. This process 
may yield a tumor mass including cancer cells 
at some point of carcinogenesis as the minor 
population, leading to intratumoral 
heterogeneity in mutation patterns. There have 
been a considerable number of studies 
demonstrating intratumor genetic 
heterogeneity in human colorectal [3-8], 

prostate [9], breast [10], ovarian [11], and 
cervical [12] cancers. These studies excised 
sections from different areas of the tumor 
mass and compared mutation or chromosomal 
aberration patterns. One of the studies 
correlated the degree of heterogeneity with the 
evolutional process of cancer [7]. However, the 
origin of the heterogeneity is not clear from 
these studies. 
 
In the present study, we focused on mutations 
in three genes, i.e., APC, K-ras and p53, and 
examined whether the tumor tissues 
comprised cancer cells at some point of 
carcinogenesis. To improve the resolution of 
the assay, we reduced the size of the excised 
sections from the reported sizes of previous 
studies by more than two orders of magnitude. 
In addition, applying the principle of 
competitive PCR, we quantitated relative 
abundance of each allele. The analysis 
revealed that five out of six tissues had cancer 
cells with one or two of the mutated genes, 
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corresponding to the precursors of cancer 
cells with three mutations. The identification of 
precursor cancer cells, defined here as cancer 
cells lacking a part of carcinogenic mutations, 
will enable us to trace the history of 
carcinogenesis. 
 
Materials and Methods 
 
Samples 
 
Seventy-nine colorectal carcinoma tissues 
from our tumor tissue bank were screened for 
mutations in the coding regions of APC, K-ras 
and p53 genes. DNA was extracted from 
frozen bulk tumor tissues by QIAamp DNA 
Micro kit (Qiagen). Coding regions of APC, K-
ras and p53 genes were screened for 
mutations by High-Resolution Melting on 
LightScanner (Idaho Technology Inc.). Samples 
with aberrant melting curves were analyzed by 
direct sequencing with BigDye Terminator 
Cycle Sequencing Kit (version 3.1, Applied 
Biosystems, USA) on ABI PRISM 3730 (Applied 
Biosystems, USA). Eleven out of 79 samples 
had mutations in all three genes. We selected 
six colorectal carcinoma samples with the 
largest size for the next experiment. The study 
was approved by the ethical committee of 
Osaka Medical Center for Cancer and 
Cardiovascular Diseases. Informed consents 
were obtained from all patients. 
 
Laser Microdissection and DNA Extraction 
 
Sections (40μm thick) from frozen cancer 
tissues of six patients were prepared on Leica 
CM1900 cryostat (Leica Microsystems). After 
mounting on a film-covered glass slide, the 
sections were stained with Mayer’s 
hematoxylin (Wako). Microdissection was 
performed using Leica AS LMD system (Leica 
Microsystems). Genomic DNA was extracted by 
prepGEM kit (ZyGEM) according to the 
protocol; 20μl DNA mixture was prepared from 
each sample. 
 
PCR Amplification and SNaPshot Assay 
 
DNA fragments containing mutations were 
amplified by multiplex PCR on GeneAmp PCR 
System 9700 (Applied Biosystems). PCR 
mixture included 5μl DNA (250pg), 1xPCR 
buffer (Applied Biosystems), 2mM MgCl2, 
200μM each dNTP, Primer mix (0.2μM each 
primer, Supplemental Table S1) and 1U 

AmpliTaqGold polymerase (Applied 
Biosystems) in a 10 μl reaction. Cycling 
conditions were as follows: denaturing at 
94°C for 5 min; 40 cycles of denaturing at 
94°C for 30 s, annealing at 54–56°C for 30 s 
and synthesis at 72°C for 40 s; and final 
synthesis at 72°C for 5 min. SNaPshot assay 
is a primer extension assay: each primer is 
designed to bind to a complementary template 
right in front of the mutation site. Reaction is 
carried out in the presence of fluorescently 
labeled ddNTPs and DNA polymerase extends 
the primer by one nucleotide, adding a single 
ddNTP to its 3’ end. Fluorescent dyes used for 
dideoxynucleotides are as follows: A, dR6G; C, 
dTAMRA; G, dR110; and T, dROX. 
 
PCR fragments for primer extension were 
prepared by incubating 7.5 μl PCR product 
with 0.5 U shrimp alkaline phosphatase 
(TaKaRa) and 1 U exonuclease I (TaKaRa) for 
40 min at 37°C in a final volume of 10 μl, 
followed by the inactivation of the enzymes for 
20 min at 80°C. Primer extension was carried 
out in 5 μl containing 2 μl of treated PCR 
product, 2.5 μl ABI Prism SNaPshot Multiplex 
kit (Applied Biosystems) and 0.5 μl extension 
primers mix (0.2μM each primer). Primer 
sequences are shown in Supplemental Table 
S1. Cycling conditions were according to the 
manufacturer’s protocol: 25 cycles of 10 s at 
96°C denaturation, 5 s at 50°C annealing, 
and 30 s at 60°C extension. To remove 
unincorporated ddNTPs, 5 μl of SNaPshot 
products were incubated for 40 min at 37°C 
with 0.5 U shrimp alkaline phosphatase 
(TaKaRa) in a final volume of 6 μl, and the 
enzyme was deactivated as described above. 
A total of 1 μl of treated SNaPshot reaction 
was denatured in 9 μl of distilled water (in the 
presence of standard-LIZ 120) for 5 min at 
95°C, and was analyzed on ABI PRISM 3100 
Genetic Analyzer (Applied Biosystems). The 
fragment analysis was performed with Peak 
Scanner Software v1.0 (Applied Biosystems). 
 
The mutated allele ratio, M/(M+N), was 
calculated where M is mutant allele peak 
height and N is normal peak height. 
Reproducibility of the amplification and the 
SNaPshot assay was checked with two series 
of experiments. All data are supplied as 
Supplemental Table S2. We plotted the results 
on 3D graphs using Grafis software 
(ver.2.9.22, Kylebank Software Ltd.). In most 
cases of allelic loss, the corresponding peak 
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  Table 1 Sequence alterations identified in colorectal cancer tissues of the patients 

Sample No. 
APC  K‐RAS  P53 

Exon Locus Exon Locus Exon Locus 
1 16 c.2932 C>T Q978* 2 c.35 G>A G12D 7 c.767 C>A T256K 
3 16 c.3956 delC P1319fs*2 2 c.34 G>A G12S 8 c.818 G>A R273H 

33 16 c.2755 A>T R919* 2 c.38 G>A G13D 8 c.824 G>T C275F 
41 16 c.4044 insA 3 c.204 G>C R68S 6 c.659 A>G Y220C 
65 14 c.1690 C>T R564* 2 c.35 G>A G12D 6 c.659 A>G Y220C 
74 16 c.2626 C>T R876* 2 c.35 G>T G12V 4 c.374 C>T T125M 

   *stop codon 
 
 
height was zero. However, there were several 
areas with residual peaks, where we set the 
threshold as 0.05. 
 
LOH Analysis 
 
Amplification of microsatellite markers on 
chromosome 5q (D5S107, D5S82 and 
D5S346) and those on chromosome 17p 
(D17S796 and D17S786) was performed in 
two separate multiplex PCR reactions. PCR 
mixture included 5μl DNA, 1xPCR buffer 
(Applied Biosystems), 2mM MgCl2, 200μM 
each dNTP, Primer mix (Supplemental Table 
S1) and 1U AmpliTaqGold polymerase (Applied 
Biosystems) in a 10 μl reaction. Cycling 
conditions were as follows: denaturing at 
94°C for 5 min; 40 cycles of denaturing at 
94°C for 30 s, annealing at 55°C for 30 s and 
synthesis at 72°C for 30 s; final synthesis at 
72°C for 30 min. The fluorescent products 
were analyzed on ABI PRISM 3100 Genetic 
Analyzer (Applied Biosystems). The fragment 
analysis was performed with Peak Scanner 
Software v1.0 (Applied Biosystems). 
 
Results 
 
Outline of the Method 
 
From our tumor tissue bank, we selected six 
colorectal cancer tissues carrying mutations in 
APC, K-ras, and p53, identified by analysis of 
bulk tissues. The details of the mutations are 
listed in Table 1. Although there may be 
additional mutations not detected by the bulk 
tissue analysis, we focused on these 
mutations for detailed analysis. For the 
analysis of genetic heterogeneity, we excised 
40–50 small areas containing only cancer 
cells from frozen tissue sections, and purified 
genomic DNA. The sampling was random, but 
we avoided repeated sampling from the same 
cryptic region. After simultaneous amplification 

of three genes with multiplex PCR, mutation 
status was quantitatively determined with the 
SNaPshot assay, a primer extension assay. 
The illustration of the method is shown in 
Figure 1. 
 
In our previous study on lung cancer [13], we 
determined the smallest amount of tissue 
section that enabled stable and unbiased PCR 
amplification. We set the size of the section as 
100×100×40 μm, a slight increase in 
thickness from 35 μm. This scale was less 
than 1/100 of those used in previous studies: 
for example, 5×5×5 mm3 in [12]. We used 
one-fourth of the genomic DNA purified from 
the excised section for a single multiplex PCR 
reaction. 
 
To confirm the quantitative recovery of PCR 
products in our protocol, we performed the 
following experiment. We purified genomic 
DNA from the colorectal tumor section (0.01 
mm2 each) from two other patients: one with 
homozygous T for SNP in TGFR2 (rs2228048) 
and one with homozygous C. Samples with 
various amount ratios of the two genomic DNA 
(1:0, 3:1, 1:1, 1:3, 0:1) were prepared, 
maintaining the total amount of DNA as that 
used for the single multiplex PCR reaction. To  
 

 

Figure 1 Graphic representation of the method. 
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Figure 2 A. Quantitative accuracy of the SNaPshot assay of amplified products. Horizontal axis indicates the ratio 
of the mutant allele (T at rs2228048) of TGFR2 in the template; vertical axis indicates the ratio of the mutant 
allele of TGFR2 in the amplified product, i.e., M/(M+N), where M is mutant peak height, and N is normal peak 
height. The error bars correspond to the standard deviations of ten experiments. B. Contamination of normal cells 
in the excised section areas. Data obtained from areas including various fractions of normal cells among cancer 
cells were plotted. Horizontal axis indicates mutant allele ratios (M/(M+N)) of APC; vertical axis indicates that of K-
ras. 
 
 
simulate multiplex PCR reaction, we 
simultaneously amplified TGFR2, K-ras and 
APC. Then, allele ratios of amplified TGFR2 
were determined with the SNaPshot assay. 
There was a good correlation between the 
amount ratio in the templates and the ratio in 
amplified products (Figure 2A), assuring 
unbiased amplification. 

Although we set the size of the excised section 
as small as possible, it consisted of 180–200 
cells. One may argue that possible 
contamination of normal cells may lead to 
erroneous conclusions. We performed the 
following experiment: from a colorectal cancer 
tissue, we excised twenty areas (0.01 mm2 
each), which included various numbers of 

 

 
Figure 3 An example of intratumor genetic heterogeneity (Sample 1). A microscopic view of a colorectal cancer 
tissue section (left) with black circles indicating microdissected areas; (right), electropherograms of the SNaPshot 
assay. The first two peaks represent the mutation status of p53 (C>A); third and fourth – that of K-ras (G>A); and 
the last two peaks – that of APC (C>T). Black peak, fragment amplified with ddC; green peak, fragment amplified 
with ddA; blue peak, fragment amplified with ddG; red peak, fragment amplified with ddT. Red bar, 100μm. 
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normal cells. This colorectal cancer tissue had 
mutations in all of the three genes. After 
isolation of genomic DNAs, we amplified 
corresponding exons of APC, K-ras and p53, 
and quantitated allele ratios with the 
SNaPshot assay. The relative allele ratios of 
APC and K-ras were plotted (Figure 2B). In the 
case of normal cell contamination, ratio of the 
normal allele is proportional to the fraction of 
normal cells included in the microdissected 
region. Thus, ratios of normal/mutant alleles 
of the two genes are proportional as shown in 
Figure 2B. The same correlation was observed 
with APC–p53 and K-ras–p53 (data not 
shown). In general, a data point from a mixture 
of mature cancer cells and normal cells would 
lie around a line connecting data points 
derived from each of them. We can exclude 
the possibility that an aberrant mutation 
pattern is due to the normal cell contamination 
by this plotting. As shown below, no areas had 
this characteristic. 
 
Intratumor Heterogeneity of APC, K-ras and 
p53 Mutations 
 
We examined six colorectal cancer tissues and 
found that five tissues contained cancer cells 
with mutation types different from that of the 
major population. Figure 3 shows an example 
(sample 1). Six areas are presented. 
Electropherograms of three areas (A, D, F) 
revealed mutations in three genes, i.e., APC, 
p53, and K-ras. One area had mutations in 
APC and K-ras (B), whereas the other two 
areas (C, E) had mutations only in APC. 
 
In our experimental system, the relative ratios 
of mutated and normal alleles were measured 
(Supplemental Table S2). Thus, we plotted 
areas in three-dimensional spaces created by 
mutated allele ratios of APC, K-ras and p53 
(Figure 4, top graphs). We also presented two-
dimensional plots with color graduation for 
APC allele ratio (Figure 4, bottom graphs). 
QuickTime movies of the three-dimensional 
plots will be posted on our web site at: 
http://genome.mc.pref.osaka.jp/data_downlo
ad.html. 
 
The major population of sample 1 (30/41 
areas) carries all three mutations (Figure 4A). 
Chromosomal status is stable with APC and K-
ras, but there is a distinct heterogeneity with 
p53. Besides this major population, there are 
two subpopulations: with APC and K-ras 

mutations (4/41), and with APC mutation 
alone (7/41). 
 
Most of the excised areas from sample 3 carry 
mutations in all three genes – 46 out of 48 
areas (Figure 4B). However, we found two 
areas with mutations in both K-ras and p53 
but not in the APC gene. 
 
The major population of sample 33 has all 
three mutations, but p53 and K-ras alleles 
have marked heterogeneity (Figure 4C). 
Besides, there is one subpopulation with APC 
and K-ras mutations (6/48) and another with 
APC mutation alone (18/48). 
 
In sample 41, there are two minor populations: 
one with p53 mutation alone and one with K-
ras and p53 mutations (Figure 4D). The former 
lost the normal p53 allele, and the latter lost 
the normal K-ras allele, whereas the major 
population always maintained the K-ras 
normal allele, and often the p53 normal allele 
as well. Subsequent loss of normal alleles 
after divergence of the major population is 
suspected. 
 
There are three subpopulations of cancer cells 
in sample 65 (Figure 4E). APC alleles are 
highly homogeneous – we detected the APC 
mutation in all 49 areas. A subpopulation with 
only APC mutation (2/49) and another carrying 
both APC and p53 aberrations (2/49) were 
identified. 
 
Although we identified minor subpopulations in 
the above cases, sample 74 showed no 
heterogeneity in the mutation pattern (Figure 
4F). 
 
Order of Genetic Events 
 
In somatic mutations in APC, K-ras, and p53, 
mutations in various loci evoke similar 
biological effects onto cells. Because the 
chance that the second mutation is introduced 
into the same locus is very low, these 
mutations should have been introduced by 
single events. Therefore, subpopulations of 
each sample should have been derived from a 
single ancestor cell, and the order of mutation 
events can be deduced from mutation 
patterns of subpopulations. For example, 
sample 1 had a subpopulation with APC and K-
ras mutations, and another with APC mutation 
alone. The order of mutation events is
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Figure 4 Genetic heterogeneity in six colorectal cancer tissues. The mutant allele ratios (M/(M+N)) of p53, K-ras 
and APC genes are plotted in the x, y and z axis, respectively. Each sphere represents a single area; the color 
indicates the mutant allele ratio of APC gene. The top graphs are 3D graphs; the bottom graphs show p53 and K-
ras only (the color is the same as in the 3D graph). A. Sample 1; B. Sample 3; C. Sample 33; D. Sample 41; E. 
Sample 65; F. Sample 74. 
 
 
  Table 2  Summary of the order of genetic events in the samples 

Sample No. Precursor genotype* Order of genetic events Accompanying adenoma 
1 APCMK-RASNP53N (7/41) 

APCMK-RASMP53N (4/41) 
APC→K-RAS→P53 Yes 

3 APCNK-RASMP53M (2/48) P53/K-RAS→APC No 
33 APCMK-RASNP53N(18/48) 

APCMK-RASMP53N(6/48) 
APC→K-RAS→P53 No 

41 APCNK-RASNP53M(7/40) 
APCNK-RASMP53M(1/40) 

P53→K-RAS→APC No 

65 APCMK-RASNP53N(2/49) 
APCMK-RASNP53M(2/49) 

APC→P53→K-RAS Yes 

74 - - No 

 
   *N, normal; M, mutation; (areas/total) 
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therefore APC→K-ras→p53. The deduced 
order of mutation events is shown in Table 2. 
 
A major concern is the possibility that the 
absence of mutation is due to loss of the 
mutated allele. Loss of the mutant allele was 
reported in the mismatch repair region [14], 
although it is not known with APC, K-ras and 
p53. We performed LOH analysis of 5q and 
17p with relevant areas using microsatellite 
markers, and detected both alleles in all 
cases, excluding the possible loss of the 
mutated allele (Supplemental Table S3). 
During a review of archival HE sections, we 
found that in two samples adenocarcinoma 
was accompanied by adenoma regions (Table 
2). 
 
Discussion 
 
The study of human carcinogenesis has been 
a difficult task due to unavailability of tumor 
samples of different stages, especially early 
stages, from the same patient. Thus, most 
models have been based on indirect evidence 
obtained by studies with patient populations 
[2, 15]. In the present study, we demonstrated 
that the primary colorectal cancer tissues 
contained cancer cells with part of the 
mutations found in the major population, 
which are likely to be precursors of the major 
population, and named them precursor cancer 
cells. In addition, from their mutation patterns, 
we deduced the order of genetic events. It is 
likely to be a common feature of colorectal 
cancer, because five out of six cases had such 
minor populations. The heterogeneity of 
somatic mutation patterns previously reported 
in colorectal carcinoma [3, 5, 7] is probably 
due to the precursor cancer cell. In colorectal 
adenoma, genetic heterogeneity of 
carcinogenic mutations was well established in 
the context of tumor evolution [16, 17]. The 
current findings imply that the heterogeneity 
found in early adenoma still remains in the 
later carcinoma stage, reducing its level. It 
should be noted that mutation patterns are 
not necessarily consistent in adjacent 
adenoma and carcinoma regions: K-ras 
mutations in the adenoma region were not 
found in the adjacent carcinoma in 24% of the 
cases [18]. This suggests that even adjacent 
carcinoma and adenoma arose from different 
ancestors. Also taking into account de novo 
carcinoma, it is important to collect 
information directly from carcinoma tissues. 

Another important discovery is heterogeneity 
in allelic imbalance. It is interesting to note 
that the heterogeneity was usually restricted to 
some chromosomes. In sample 1, 
heterogeneity was found only with p53. In this 
context, it would be cautious to interpret 
results of comparative genomic hybridization 
(CGH) or array-CGH. CGH cannot discriminate 
cases with and without heterogeneity, 
presenting an averaged view for chromosome 
aberration with heterogeneity. 
 
Because PCR from a small amount of DNA 
may lead to biased amplification, we carefully 
designed the whole experiment. In our 
previous study [13], we determined the 
minimum amount of tissue sections enabling 
unbiased quantitative amplification. Using the 
determined amount of section, we 
demonstrated quantitative recovery of 
amplified products under the condition used in 
this study. This excludes the possibility that 
the observed loss of mutant/normal allele is 
due to stochastic PCR reaction. In addition, we 
previously calculated the chance of erroneous 
identification of allelic loss by stochastic PCR: 
it was 3.5x10-5 and 6.04 x10-7 in two different 
loci [13]. Except for one pattern of sample 41, 
all mutation patterns of precursors were 
identified with more than two areas, 
demonstrating reproducibility of the patterns. 
 
There appears to be no rule in the deduced 
order of mutation events. It should be noted 
that de novo colorectal cancer is more 
frequent in Japanese than in other racial 
populations [19]. Investigators believe that 
this neoplasm develops through a pathway 
different from the polypoid one [19-21]. There 
were two cases (sample 1 and 65) in which 
studied carcinoma was accompanied by 
adenoma regions, and the APC mutation was 
the first event in both cases. Because the 
original Vogelstein model is for cancers 
developed from adenoma [2], our results do 
not contradict the previous studies based on 
patient populations. One sample (sample 74) 
was homogeneous – only one type of cells was 
found in it. According to the widely accepted 
theory, cancer tissue includes a dominant 
clone, which overgrows the other cells [1]. 
Although advanced cancer growth could be an 
explanation, it is not clear whether there was 
any other type of cells in this cancer tissue. 
There may have been a heterogeneous pattern 
in another part of the section or the tissue. 
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This approach for temporal sequence may be 
applied to other cancers, if precursor cancer 
cells exist. It should be noted that many 
genetic aberrations such as LOH occur 
frequently, and it is important to determine 
whether the aberration is from a single event 
or more than one event. Mutations in APC and 
p53 do not need such attention, because the 
chance of having mutations at the same base 
is very low. For chromosomal aberrations, 
probably use of multiple markers would solve 
the problem. 
 
Most models of carcinogenesis assume that 
tumors are monoclonal in origin. This 
conclusion is based largely on studies using X 
chromosome-linked markers in females [22]. 
However, a recent study demonstrated 
relatively large sizes of X-inactivation patches 
in normal tissues, confounding assessment of 
early studies [23]. Our results strongly suggest 
the monoclonal origin: the tumor tissues 
contained cancer cells with several different 
genetic types, of which mutation patterns 
indicated monoclonal origin. However, there is 
still possibility of other clones not detected by 
the above number of sampling. 
 
Our results suggest that putative precursor 
cancer cells exist in the tumor mass surgically 
dissected, and we can perform molecular 
analysis through their purification and 
subsequent culture. One intriguing question is 
whether they are the same as cells that 
differentiated into cancer cells with the three 
mutations in the past. As they still exist as a 
minor population, their growth rate is smaller 
than the major population, suggesting no 
additional mutation for growth advantage. The 
smaller number of replication cycles indicates 
less number of new mutations. Thus, we 
suspect that their biological properties would 
not change. Another question is whether the 
precursor cancer cells are malignant or 
benign. Most adenoma cells accompany APC 
mutations, and precursor cancer cells with 
APC mutations might be reminiscent of 
adenoma cells. 
 
Detailed comparison of mutation patterns in 
the primary tumor and metastasis revealed 
that a considerable number of cases had 
different mutation patterns [24, 25]. 
Unmatched mutation patterns indicate that 
metastatic lesions would be derived from a 
minor population in the primary tumor, 

suggesting possible involvement of precursor 
cancer cells. Additional experiments with 
primary tumor and its paired metastases are 
required to elucidate this issue. 
 
We believe that finding putative precursor 
cancer cells is important for understanding 
carcinogenesis as well as for future drug 
discovery. If they have distinct molecular 
characteristics, it would be beneficial to 
develop anti-cancer drugs targeting them. In 
particular, due to possible involvement in 
metastasis, such drugs are of interest for their 
possible anti-metastasis activities. 
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