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Abstract

Although metastases from original (primary) tumors are highly studied, metastases from metastatic sites (secondary tumors)
are far less studied. Here, using data from metastasis map (MetMap) project reported in a recent study (Jin et al. in Nature
588(7837): 331-336. https://doi.org/10.1038/s41586-020-2969-2, 2020), we found that human cancer cell lines isolated from
metastatic sites have higher potential to metastasize to another site in mice, compared to human cancer cell lines isolated
from primary sites, for certain types of cancer including liver, lung and pancreas cancer. In contrast, for cancer types such as
ovarian and skin cancer, human cancer cell lines originated from primary tumors have increased metastatic potential in mice,
compared to human cancer cell lines originated from metastatic sites. This preliminary analysis points that the potential of
metastases to further metastasize compared to that of primary tumors might be cancer type-dependent, and further research
is needed to understand why certain cancer cell lines isolated from metastatic sites are more likely to spread to other organs.
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Introduction

Metastasis of original (primary) tumors is highly studied in
cancer research over the last century; however, studies on
metastasis of metastases is rather limited and inconclusive
(Sugarbaker et al. 1971; Hoover and Ketcham, 1975; Bethge
et al. 2012; Tait et al. 2004; Holzel et al. 2010; August et al.
1985). Therefore, experimental data on different cancer
types regarding whether metastases can further metastasize
to other body parts is needed. A better understanding of the
dissemination of an established metastatic foci is of great
importance to maximize the efficacy of current treatment
options and to improve survival rates of cancer patients,
since most deaths from cancer are due to metastasis.
Recently, Jin et al. studied the metastatic potential of 500
human cancer cell lines to specific organs in mice, namely
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bone, brain, kidney, liver and lung, using a novel in vivo
barcoding strategy (2020). They identified organ-specific
patterns of metastasis for human cancer cell lines using
xenograft models (Jin et al. 2020). They found that cell
lines originated from metastatic sites have increased meta-
static potential in general compared to cell lines originated
from primary tumors (p =0.00028; Fig. 2b in their paper)
(Jin et al. 2020). Here, by using publicly available data pro-
vided by the authors, we compared the metastatic potential
of human cancer cells isolated from primary tumors and
of those from metastatic sites, separately for each cancer
type. We found that, for certain cancer types including liver,
lung and pancreas cancer, human cancer cell lines isolated
from metastatic sites have higher metastatic potential in
mice, compared to those isolated from primary tumors. The
opposite was observed for certain types of cancer such as
oesophagus, ovarian and skin cancer. This analysis shows
that the potential of metastases to metastasize compared to
that of primary tumors might be cancer type- or tissue of ori-
gin-dependent and highlights the need for further research.
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Materials and methods
Dataset

We used the metastasis map of human cancer cell lines
(MetMap) dataset by Jin et al. (https://depmap.org/metmap/
data/index.html) (2020). Here, metastatic potential of human
cancer cell lines in mice following injection were given on a
log10 scale as determined by the in vivo barcoding approach
described in the paper, ranging from — 4 to+4. Metastatic
potential were defined as follows by the authors: less than
or equal to —4: non-metastatic; from —4 to —2: weakly
metastatic, but with low confidence; higher or equal to —2:
metastatic, with higher confidence (Jin et al. 2020). We refer
readers to the original paper for the details of the experimen-
tal approach to calculate metastatic potential of human can-
cer cell lines in xenograft models at scale (Jin et al. 2020).

Data analysis and visualization

Data analysis and visualization in this study were performed
completely in R programming environment (R Core Team
2020), using following R packages: tidyverse (Wickham
2019), readx]l (Wickham and Bryan 2019), ggpubr (Kas-
sambara 2020), rmarkdown (Allaire et al. 2020) and knitr
(Xie 2020). Statistical analysis was performed using Stu-
dent’s t-Test (Kassambara 2020). Following convention for
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star symbols indicating statistical significance was used
in the analysis: non-significant (ns): p>0.05; *p <0.05;
*#p <0.01; ***p <0.001;****p <0.0001 (ggpubr package)
(11). R code used in this analysis is available as a supple-
mentary file to make the study reproducible.

Results

In the current study, we found that human cancer cell lines
isolated from metastatic sites have higher metastatic poten-
tial when injected into mice compared to cell lines isolated
from primary tumors, for cancers originating in following
tissues: autonomic ganglia, liver, lung, pancreas and soft tis-
sue (Fig. 1). Difference in metastatic potential between cell
lines isolated from primary tumors and those isolated from
metastases is especially large for liver, such that mean meta-
static potential of cell lines from metastases is higher than 0,
which indicates metastatic potential with higher confidence;
however, cell lines from primary tumors are only weakly
metastatic, since their mean metastatic potential is less than
—2 (Fig. 1). In contrast, human cancer cell lines isolated
from metastases have decreased potential to metastasize in
these xenograft models, relative to cell lines isolated from
primary tumors, for certain tissues: oesophagus, ovary and
skin (Fig. 1). However, in 10 out of 19 studied tissues, we
did not observe any significant difference in the metastatic
potential of cell lines originating from primary tumor tissue
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Fig. 1 Relative metastatic potential of human cancer cell lines iso-
lated from primary tumors and of those from metastases for various
tissues, when injected into xenograft models. non-significant (ns):
p>0.05; *p<0.05; *¥p<0.01; ***p <0.001;****p <0.0001. Meta-
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static potential of <—4: non-metastatic; —4 to —2: (weakly) meta-
static, but with low confidence; > —2: metastatic, with higher confi-
dence. Data from Jin et al. (2020)
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Cell lines isolated from primary sites
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Fig.2 Mean metastatic potential of human cancer cell lines from dif-
ferent tissues in order, separately for cell lines isolated from primary
(original) tumors and from metastases. non-significant (ns): p>0.05;
*p<0.05; *p<0.01; **¥p<0.001;%+**p<0.0001. Metastatic

and of those originating from metastatic foci (biliary tract,
bone, breast, endometrium, kidney, large intestine, prostate,
stomach, thyroid, upper aerodigestive tract and urinary tract)
(Fig. 1).

We also ordered cancer types based on mean metastatic
potential of cell lines originating from these cancers, sepa-
rately for cell lines isolated from primary tumors and those
isolated from metastases (Fig. 2). For human cancer cell
lines originating from primary tumors, skin cancer cell
lines have the highest mean metastatic potential, followed
by cancer cell lines of thyroid and ovarian tissues (Fig. 2,
first panel). However, for human cancer cell lines originating
from metastatic sites, liver cancer cell lines have the highest
mean metastatic potential, followed by cancer cell lines of
soft tissue and skin (Fig. 2, second panel). Also, note that
although cancer cell lines isolated from primary liver tumor
have one of the lowest mean metastatic potential among
other cells from primary tumors, cancer cell lines isolated
from metastases of liver tumor have the highest metastatic
potential (Fig. 2).

Discussion

It is still not clear if metastases have the potential to
further metastasize to distinct sites in the body. In this
preliminary analysis, we pointed that for certain tissues,
metastases might have increased chance to disseminate

Cell lines isolated from sites of metastasis
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potential of < —4: non-metastatic, —4 to —2: (weakly) metastatic,
but with low confidence; >—2: metastatic, with higher confidence.
Data from Jin et al. (2020)

to other sites in the body compared to primary tumors.
In the present study, we used data from Jin et al. where
they calculated metastatic potential of 500 human cancer
cell lines when injected into mice, using a novel approach
performed at a large scale (Jin et al. 2020). They used
xenograft models to test the potential of human cancer cell
lines to metastasize to various tissues; thus, it should be
taken into account that these cell lines might have differ-
ent metastatic potential in allografts, i.e. in human body.
Number of cancer cell lines used in this study is relatively
lower for certain tissues such as prostate for which we
did not observe any difference in metastatic potential of
primary tumors and metastases; therefore, a dataset with
a larger sample size can provide novel insights. Neverthe-
less, the current study highlights that metastatic potential
of metastases might even be higher compared to metastatic
potential of primary tumors; thus, it demonstrates that a
better understanding of further metastasis events from
metastases is urgently needed.

Funding CB is funded by TUBITAK (The Scientific and Technological
Research Council of Turkey) 2211-E program.

Data availability We used the metastasis map of human cancer cell
lines (MetMap) dataset by Jin et al. (https://depmap.org/metmap/data/
index.html) (2020).
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Code availability (software application or custom code): R code used
in this analysis is available as a supplementary file to make the study
reproducible.
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