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Abstract: Clinical oligometastases are characterized by a limited number of metastases which are a form of stable
metastatic dissemination that presents the window for curative treatment. A better understanding of the molecular
mechanisms underlining the differences between the stable oligometastases from the widespread polymetastases
requires the development of clinically-relevant animal models for mechanistic investigation. In this study, we cre-
ated from a MDA-MB-435 human tumor, the first mouse xenograft model of oligo- and polymetastases. Here, using
this novel xenograft model to study two distinct types of metastatic progression, we report detailed characterization
of experimental oligo- and polymetastases models. The oligometastatic model remained stable after serial rounds
of in vivo passage, had limited organ involvement and had less than 5 discrete metastatic foci. In contrast, the
polymetastatic progression model showed multiple metastatic foci in the lung, or involved multiple anatomic sites.
In summary, the new xenograft models of metastasis that we reported here recapitulated phenotypic features of
two clinically relevant human metastasis phenotypes: the oligometastatic and polymetastatic progression. These
models should prove useful for mechanistic investigation as well as for evaluating therapeutic targeting of sustained

oligometastases to achieve the clinical goal of long-term disease free survival.
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Introduction

Metastases are the leading cause of cancer
related mortality. However clinical studies have
demonstrated the effectiveness of metastasis-
directed therapies such as surgery or radiother-
apy in treating patients exhibiting a limited
number of metastases, i.e. oligometastases
progression [1-11]. Approximately 75% of pa-
tients, initially presenting with limited metasta-
ses, will progress to a widespread metastatic
state. We and our collaborators reported priori-
tized features of a potential microRNA classifier
associated with a true oligometastatic state
(cured or remain <5 metastases after metasta-
sis directed treatment) in patients who present-
ed with 5 or less metastases before being
treated with stereotactic body radiotherapy
(SBRT) [12]. These clinical observations sug-
gest that molecular differences exist between
tumors that remain oligometastatic following

treatment and tumors that progress to poly-
metastases.

Characterization of oligometastases depends
on identifying mechanisms regulating distinc-
tive metastatic disease states. Most existing
organ-specific experimental or spontaneous
models of metastases investigate extensive
metastatic dissemination [13-23]. Models that
exhibit multiple-organ involvement are rare. Ani-
mal models that are specific to undergo oligo-
metastatic progression are lacking. In a related
model, Fidler et al demonstrated a spectrum of
the number of lung metastatic foci formation
following tail-vein-injection of single-cell derived
clones of B16F1 melanoma [23-26]. They ob-
served that while the majority of B16 monoclo-
nal cell lines rapidly developed polymetastatic
foci in the lungs, a limited number of B16 clon-
es yielded a small number of lung metastases
[24-26].
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metastatic MDA-MB-435-GFP lung derivative cell line series.

In order to study oligometastases as well as
oligo- to poly-metastatic progression, we devel-
oped and characterized an oligometastases
model of MDA-MB-435 human tumors in nude
mice in which the clinical oligometastatic phe-
notype (£ 5 total body macroscopic metasta-
ses) remained stable during consecutive in vivo
characterization. In parallel, we also develop-
ed an MDA-MB-435 polymetastatic model in
which the distribution of metastases demon-
strated multiple foci in the lung, or involved
more than five anatomic sites including lung,
heart, muscle, peritoneal cavity, and pleura.

Materials and methods
Cell cultures

The ATCC origin of the parental MDA-MB-435-
GFP cell line and its authentication was des-
cribed in our recent study. MDA-MB-435 cells
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Generation of MDA-MB-435
lung oligometastatic (L1-OL)
or polymetastatic (L1Mic-
POL) sub-lines

All animal work was conduct-
ed in accordance with a proto-
col approved by the Institu-
tional Animal Care and Use
Committee (IACUC) at the Ch-
ongqing Medical University.
Tail-vein injection of tumor
cells and identification of
polymetastatic animals over
the course of 12 weeks. The
number of lung metastases
was determined by fluores-
cence imaging at necropsy.
Figure 1 summarizes the
scheme we used to generate
and characterize MDA-MB-
435-based models of oligo- and polymetasta-
ses. Generation of lung derivative cell lines at
each round of in vivo modeling was described
in our recent study [12]. Briefly, we first pro-
duced paired cell lines derived from lung mac-
rometastases (L1-R1-OL, L: lung, R1: Round 1
of in vivo modeling; OL: Oligometastatic) and
micrometastases (L1Mic-R1-POL, L: lung; Mic:
micrometastases; POL: polymetastatic). We
define micro-metastatic foci as those that can
only be identified by microscopic histological
examination. In contrast, macro-metastatic foci
are visible under external fluorescence imag-
ing using Sellstrom Z87 fluorescence goggles
and an LDP 470 nm bright blue flashlight. Sub-
sequently, we established individual MDA-MB-
435-GFP sub-lines from distinct lungs of oli-
go- and poly-metastatic animals injected with
L1-R1-OL and L1Mic-R1-POL cells, respectively.
All four oligometastatic L1-R2-OL (R2: Round 2
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Figure 2. Development and characterization of MDA-MB-435-GFP xenograft
models of oligo- and polymetastases. A. Polymetastatic lung used for estab-
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lor TIFF images using Image
J, and imported into Photo-
shop in which contrast and
brightness adjustment were
applied to the whole image
when necessary.

Histological analysis

Metastatic tissues harboring
visible macro-metastases (in-
cluding lungs, bone, muscle,
heart, peritoneum, kidney) we-
re excised and fixed in 10%
formalin for 12 hours. Paraf-
fin embedding, sectioning and
H&E staining were perform-
ed for histological examina-
tion of the presence of both
macro- and micro-metasta-
ses. Lungs were harvested
from all animals. A total of 5
lungs from each treatment
group were examined.

Statistical analysis

Statistical significance was
assessed by unpaired two-
tailed Student’s t-test. P<
0.05 was accepted as sta-
tistically significant.

lishing paired oligometastatic L1-R1-OL and polymetastatic L1Mic-R1-POL

MDA-MB-435-GFP cell lines (scale bar, 0.5 cm). B. Isolation, purification and

Results

generation of oligometastatic L1-R1-OL (from macrometastses on the lung

surface) and polymetastatic L1Mic-R1-POL cells lines (from dormant or mi-
crometastases inside the lung) (scale bars, 200 pm).

of in vivo modeling) cell lines and four polymet-
astatic L1Mic-R2-POL cell lines will be used for
future molecular characterization. Cell lines ge-
nerated in the second round of in vivo modeling
were tested for oligo- and polymetastatic pro-
gression in an additional round of in vivo test-
ing [12].

Non-invasive in vivo whole-body fluorescence
imaging of metastasis

The Olympus 0OV100 Small Animal Imaging
System that affords variable magnification and
high-resolution visualization capability from
whole animal to a single cell was used for non-
invasive imaging of tumor growth in live mice as
we previously described [29-31]. 8-bit format
images were acquired, converted into RGB co-

5766

Figure 1 summarizes the ap-
proach we used to generate
and characterize the MDA-
MB-435-based xenograft models of oligo- and
polymetastatic progression. A general descrip-
tion of the incidence and time kinetics of me-
tastasis of the oligo- and poly-metastatic lung
cell lines summarized in Figure 1. Here, we pro-
vide a detailed characterization of distinct in
vivo metastatic phenotypes of the oligo- and
polymetastatic cell lines.

Development of oligometastatic and polymeta-
static lung derivative cell lines

Green fluorescent protein (GFP) labeled MDA-
MB-435 (435-P) cancer cells transplanted in
the mouse fat pad develop a high incidence of
spontaneous lung metastases [28-30]. We uti-
lized the high lung colonization efficiency fea-
ture of this human tumor model to develop

Int J Clin Exp Med 2018;11(6):5764-5773
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Table 1. Characterization of metastatic outcome of L1-R1-OL and L1Mic-R1-POL MDA-MB-435-GFP lung derivative cell lines in vivo (the 2™
round of in vivo passage)

Necropsy Observations Tissue .
Cell Line Mouse ID Brachial Spinal Lumber Xiphoid Lymph Lung . Skeletal Peritoneum Urinary . Harvest Metastatic
Plexus Cord Plexus Process Nodes Pleural Brain Muscle cavity Duct Liver (Wk) Phenotypes
L1-Mic-R1-MB-435-GFP (POL) L1Mic-R1-#1 Dead” <9 PL-M
L1Mic-R1-#2 Dead” <9 PL-M
L1Mic-R1-#3 Dead” <9 PL-M
L1Mic-R1-#4 3 1 1 1 1ALN ++++++  No +++++ No 1 No 9 PL-M
L1Mic-R1-#5 1 1 1 1 JALN 1CLN  ++++++ 1 +++++ +++ No No 9 PL-M
L1Mic-R1-#6 1 No 1 1 1ALN +++++ No ++++ No No No 9 PL-M
L1Mic-R1-#7 1 No 1 No 1INL +++++ No +++++ +++ 1 No 9 PL-M
L1Mic-R1-#8 1 1 No 1 1ILN +H+++ No +H+++ No No No 9 PL-M
L1Mic-R1-#9 No No No No No No No No No No No 12 N
L1Mic-R1-#10 1 No 1 1 No +H+++ No +++++ No No No 9 PL-M
L1Mic-R1-#11 1 No 1 No No ++ No +++++ No 1 No 9 PL-M
L1Mic-R1-#12 No No No No No No No No No No No 12 N
L1Mic-R1-#13 No No No No No No No No No No No 12 N
L1Mic-R1-#14 No No No No 1CLN 2ALNs  +++++ No No No No No 9 PL-M
L1-R1-MB-435-GFP (OL) L1-R1-#1 1 1 1 No 1ALN +H+++ No No No No No 10 PL-M
L1-R1-#2 1 No 1 No No ++ No ++ No 1 No 10 PL-M
L1-R1-#3 1 No No No 1CLN 3 No No No No No 10 oL
L1-R1-#4 No No 1 No No No No No No No No 11 oL
L1-R1-#5 No 1 No No No +++++ No No No No No 11 PL-M
L1-R1-#6 No No No No No No No No No No No 12 N
L1-R1-#7 No No No No No No No No No No No 12 N
L1-R1-#8 No No No No 1ALN 1 No No No No No 12 oL
L1-R1-#9 No No 1 No No No No 1 No No No 12 oL
L1-R1-#10 No No No No No No No No No No No 12 N
L1-R1-#11 No No No No No +++++ No No 1 No No 12 PL-L
L1-R1-#12 No No No No No No No No No No No 12 N
L1-R1-#13 No No No No No 1 No No No No No 12 oL
L1-R1-#14 No No No No No No No No No No No 12 N

ALN: auxiliary lymph node; ILN: inguinal lymph node; CLN: cervical lymph node; POL-M: multi-organ polymetastases; POL-L: polymetastases at lung only; OL: oligometastasis(es); N: no metastasis; *: animals
found dead in the cage and confirmed with multi-organ polymetastases at post mortal necropsy and no tissues were harvested for these animals; +: semi-quantitative assessment of polymetastases in an
organ when the metastatic foci were diffused.
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Figure 3. Widespread polymetastases in animals injected with L1Mic-R1-
POL cells. A. OV-100 fluorescent imaging detected widespread polymetasta-
ses in animals injected with L1Mic-R1-POL cells. Shown is a representative
animal that developed widespread polymetastases (scale bars, 1 cm). B.

ses; POL: polymetastatic) (Fi-
gures 1 and 2A). L1-R1-OL
and L1Mic-R1-POL MDA-435-
GFP cells were recovered in
culture with G418 selection
to increase GFP expression
(Figure 2B). The two resultant
cell lines had distinct cellular
morphology and growth rate.
L1-R1-OL cells exhibited rapid
cell proliferation and consist-
ed of a mixture of small, round
cells as well as larger, elon-
gated cells (Figure 2B). In
contrast, L1Mic-R1-POL cul-
tured cells were mainly small,
round, and morphologically
less differentiated (Figure
2B). Expanded L1Mic-R1-OL
cultures contained a mixture
of both morphologically dis-
tinct cell types, though a sig-
nificant portion of cells re-
main small and round and
were either floating or loose-
ly attached (data not shown).
L1-R1-OL and L1Mic-R1-POL
MB-435-GFP cells lines were
used subsequently for devel-
oping oligometastases- and
polymetastases-like xenogra-
ft models.

H&E characterization of polymetastases in different organs (scale bars, i-iii,

500 pym; iv-ix, 200 um; M, metastasis).

stable MDA-MB-435-GFP xenograft models of
oligometastatic and polymetastatic progres-
sion. Three consecutive rounds of lung coloni-
zation assays were performed in which lung
and whole body macroscopic metastases were
evaluated during the course of 12 weeks after
tail vein injection of 2 x 108 cancer cells (Figure
1 and Methods).

In order to minimize the extrinsic influence of
the host tissue, such as mouse lungs, on meta-
static progression, we isolated metastasizing
MDA-MB-435-GFP cells, in the same animal,
either from distinct macro-metastatic nodules
on the lung surface (L1-R1-OL cells; L: lung, R1:
Round 1 of in vivo modeling; OL: Oligometasta-
tic) (Figures 1 and 2A) or from micro-metasta-
ses containing viable, slowly proliferating MDA-
MB-435 cells within the lung parenchyma (L1-
Mic-R1-POL cells; L: lung; Mic: micrometasta-
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Development of stable in vivo
models of oligo- and polymet-
astatic progression

We then tested whether the L1-R1-OL, and
L1Mic-R1-POL MB-435-GFP cells remain meta-
static in the lung colonization assay and wheth-
er they produce different patterns of metasta-
ses. Metastatic outcome and phenotype of
each animal injected with either L1-R1-OL or
L1Mic-R1-POL MDA-MB-435-GFP lung deriva-
tive cell lines in the second round of in vivo test-
ing was summarized in details in Table 1.

Among 14 animals receiving L1-R1 cells, 10 de-
veloped either oligometastases or no metasta-
ses (Table 1, Oligometastases: defined as 5 or
less, n=5; No metastases: n=5). Polymetastas-
es (defined as more than 5 metastases) devel-
oped in 4 of 14 mice and occurred at 10-12
weeks post tumor cell injection. In contrast 11
of 14 mice receiving L1Mic-R1-POL cells devel-

Int J Clin Exp Med 2018;11(6):5764-5773
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Figure 4. Generation of primary cell lines in the second round in vivo lung
colonization assay. L1-R1-OL or L1Mic-R1-POL cells were injected via the tail
vein. Metastasized L1-R1-OL or L1Mic-R1-POL cells to the lungs of oligomet-
astatic and polymetastatic animals were isolated, respectively. Cancer cells
were then recovered and expanded in culture. Four L1-R2-OL (i-iv) and four
L1Mic-R2-POL cell lines (v-viii) were isolated for further in vivo testing (scale
bars, 100 pm).

oped metastases, all of which were all polyme-
tastases (Table 1). Polymetastases were either
poly-foci in the lung (Table 1, POL-L: defined as
>5 foci at lung only) or had multi-organ involve-
ment in addition to lung polymetastases (Table
1, POL-M: >5 foci at lung and involved multi-
organs). The time kinetics of metastasis in poly-
metastatic L1Mic-R1-POL cells was significant-
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L1Mic-R2-POL
Polymetastatic

ly faster than the oligome-
tastatic L1-R1-OL cells. The
faster progression to polyme-
tastases in L1Mic-R1-POL cell
injected animals was detect-
ed via non-invasive 0OV-100
fluorescent imaging (Figure
3A, Methods) [30, 31]. In ad-
dition to the high incidence
of poly-foci metastases in the
lungs as we previously report-
ed [12], tail-vein injection of
polymetastatic L1Mic-R1-POL
cells also produced high fre-
quency multi-organ metasta-
ses involving one or more of
the following organs: muscle,
peritoneal membrane and
cavity, brain, bone, kidneys,
heart and lymph nodes (Fig-
ure 3B). The involvement of
specific organs in the multi-
organ polymetastatic progres-
sion varied between animals.
Thus, L1Mic-R1-POL cells ap-
peared to be more polymeta-
static-like contrasted with oli-
go-like L1-R1-OL cells. We
next generated four oligomet-
astatic L1-R2-OL (R2: Round
2 of in vivo modeling) lung cell
lines (Figure 4), as well as four
polymetastatic L1Mic-R2-POL
lung cell lines (Figure 4) from
eight animals of the second in
vivo passage for further bio-
logical characterization.

Since in vivo passage of met-
astatic cancer cells usually
enhances polymetastatic ph-
enotype [20-23], we conduct-
ed an additional round of lung
colonization experiments (the
third round) to test the stabili-
ty of L1-R2-OL and L1Mic-R2-
POL cells in establishing oligo-
metastases and polymetastases, respectively.
Four L1-R2-OL and four L1Mic-R2-POL lung me-
tastases-derived cell lines were used (Table 2).
Among 19 mice that received the L1Mic-R2-
POL cell lines (Figure 4), three failed to develop
macroscopic metastasis. Of 16 animals that
developed metastases, all had polymetastatic
foci defined as in the lungs as well as in other

Int J Clin Exp Med 2018;11(6):5764-5773
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Table 2. Characterization of metastatic outcome of L1-R2-OL and L1Mic-R2-POL MDA-MB-435-GFP
lung derivative cell lines in vivo (the 3" round of in vivo passage)

Necropsy Observations Tissue .
] - Metastatic
Cell Line Mouse ID Lung Skeletal Peritoneum Other Harvest Phenotypes
Pleural Muscle cavity sites®  (Wk)
L1Mic-R2-MB-435-GFP (POL) L1Mic-R2-PL1-#1  ++++ ++++ ++++ +++ 4 6.5 PL-M
L1Mic-R2-PL1-#2 ++ ++++ No ++++ No 6.5 PL-M
L1Mic-R2-PL1-#3 No No No No No 12 N
L1Mic-R2-PL1-#4  ++++ No No No No 12 PL-M
L1Mic-R2-PL2-#1  ++++ ++++ No No 4 6.5 PL-M
L1Mic-R2-PL2-#2  ++++ ++++ No +++ 4 6.5 PL-M
L1Mic-R2-PL2-#3  ++++ +++ No No 3 10 PL-M
L1Mic-R2-PL2-#4 +++ No No No 1 11 PL-M
L1Mic-R2-PL2-#5  ++++ No No No 1 12 PL-M
L1Mic-R2-PL3-#1  ++++ ++++ No +++ 3 7 PL-M
L1Mic-R2-PL3-#2 + ++ No ++ 1 PL-M
L1Mic-R2-PL3-#3  ++++ +++ No ++++ 1 8 PL-M
L1Mic-R2-PL3-#4  ++++ No No +++ No 11 PL-M
L1Mic-R2-PL3-#5  ++++ No No +++ No 12 PL-M
L1Mic-R2-PL4-#1  +++ ++ ++ No 2 6.5 PL-M
L1Mic-R2-PL4-#2  ++++ ++++ No +++ 3 8 PL-M
L1Mic-R2-PL4-#3  ++++ ++++ ++++ ++++ 3 9 PL-M
L1Mic-R2-PL4-#4 No No No No No 12 N
L1Mic-R2-PL4-#5 No No No No No 12 N
L1-R2-MB-435-GFP (OL) L1-R2-OL1-#1 +++ +++ No ++ 3 6 PL-M
L1-R2-OL1-#2 ++++ No No No No 9 PL-M
L1-R2-OL1-#3 No +++ ++ +++ 3 11 PL-M
L1-R2-OL1-#4 4 No No No No 12 oL
L1-R2-0L2-#1 +t+ e+ ++ +4++ 4 7 PL-M
L1-R2-OL2-#2 No No No No No 12 N
L1-R2-0L2-#3 +++ +++ ++ ++ 3 7 PL-M
L1-R2-OL2-#4 ++++ +++ No No 3 7 PL-M
L1-R2-0L2-#5 No 1 No No No 12 oL
L1-R2-OL2-#6 No No No No No 12 N
L1-R2-0OL3-#1 ++++ +++ No ++++  No 6 PL-M
L1-R2-OL3-#2 No No No No No 12 N
L1-R2-OL3-#3 1 No No + No 12 oL
L1-R2-0L3-#4 No No No No No 12 N
L1-R2-OL3-#5 No No No No No 12 N
L1-R2-0L4-#1 No No No No No 12 N
L1-R2-OL4-#2 No No No No No 12 N
L1-R2-OL4-#3 No No No No No 12 N
L1-R2-0L4-#4 No No No No No 12 N
L1-R2-OL4-#5 No No No No No 12 N

POL-M: multi-organ polymetastases; OL: oligometastasis(es); N: no metastasis; *: other sites include brachial plexus, spinal cord, lumber plexus
and xiphoid process; +: semi-quantitative assessment of polymetastases in an organ when the metastatic foci were diffused.

organs (Table 2, POL-M). The widespread poly-
metastases could be detected before 7 weeks
after tumor cell injection in 6 animals. In con-
trast of 20 mice injected with the L1Mic-R2-
POL cell lines (Figure 4), 10 mice failed to de-
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velop visible macrometastases in any organ
and 3 developed oligometastases examined at
12 weeks post tumor cell injection (Table 2).
The differences were retained in this round of
testing with respect to the incidence and the

Int J Clin Exp Med 2018;11(6):5764-5773
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extent of metastasis, the outcome of oligo- and
polymetastases as well as the kinetics of estab-
lishing macro-metastases between the L1-R2-
OL and L1Mic-R2-POL lung cell lines. Therefore,
the differences between the two metastatic
phenotypes were stably maintained in vivo over
three successive passages.

Discussion

Mounting clinical observations begin to recog-
nize oligometastases as a distinct clinical met-
astatic state where metastases are limited in
number and destination organ [32-35] and oli-
gometastases may represent a potentially cur-
able subset of metastatic diseases [5, 6, 36].
However, only a subset of patients diagnosed
with oligometastases will remain oligometa-
static following treatment. Identification of this
subset of patients at their initial presentation
could help direct appropriate therapy.

Two models of tumor metastases have been
proposed: the “late” and the “early” models of
metastatic dissemination [37]. In the “late me-
tastasis” model, late disseminating cells are
genetically similar to the primary tumor. How-
ever, in the “early metastasis” model, the early
metastatic tumor cells are genetically distinct
from the non-disseminating tumor cells within
the primary tumor. It is conceivable that the two
models may not be mutually exclusive, and
human solid tumors may employ both strate-
gies in order to optimally progress and dissemi-
nate. Therefore, oligo- and polymetastatic state
could be reached via both the early- or late
models of metastases.

While various single organ-specific or sponta-
neous experimental models of metastases
have been developed, they are selected for
enhanced metastatic efficiency in contrast to
the non-invasive or minimally invasive parental
cancer lines or primary tumors [13-19]. Xeno-
graft models of multi-organ polymetastases
that resembles late-stage clinical metastatic
dissemination are lacking. Prior to our study,
animal models for human cancer oligometasta-
ses were not available. In order to investigate
mechanisms underlying differences between
oligometastases and polymetastases, we de-
veloped oligometastases and polymetastases
models of the MDA-MB-435 human tumor in
nude mice. These models have some unique
features.
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The oligometastatic phenotype of the L1-OL
MDA-MB-435-GFP model remains stable in
vivo after three consecutive rounds of passage
(each round of testing lasted 12 weeks) and
meets the clinical criteria of <5 total body mac-
roscopic metastases. In contrast, metastatic
efficiency of the existing metastasis models is
invariably enhanced after in vivo selection [20-
23], as also observed in our L1Mic-POL MDA-
MB-435-GFP polymetastases model.

Tail-vein injection of polymetastatic L1Mic-R1-
POL cells produced a high frequency of multi-
organ metastases in the brain, peritoneal me-
mbrane and cavity, muscles, bone, kidneys,
heart, and lymph nodes, with intramuscular
metastases to the back and hind legs as the
second most frequent event (Figure 3A, 3B).
Therefore, cells metastasized to organs other
than lung likely have completed the full cas-
cade of metastatic dissemination. The dissemi-
nation pattern of our polymetastatic MDA-MB-
435-GFP breast cancer model while overlaps in
part (lung, brain, bone, visceral) but is not iden-
tical to that observed in human breast cancer
(Table 1). Most notably are the high incidence
of muscle metastasis seen in our model that is
uncommon in human cancer, and the lack of
liver metastasis that is frequent in human
breast cancer. Such discrepancies reflect dif-
ferences in tumor cell and host microenviron-
ment at the site of metastasis in mouse and in
human. Nevertheless, the metastatic dissemi-
nation patterns of polymetastatic lung and
multi-organ involvement are similar to clinical
polymetastases.

Our models are optimized to demonstrate the
differences in intrinsic properties that deter-
mine the outcome of oligo- or polymetastatic
progression. Tissue microenvironment plays an
important role in metastatic colonization [37-
39]. We minimized the influence of individual
differences in tissue microenvironment (in this
case the mouse lung) on metastatic coloniza-
tion, by isolating the paired oligometastatic
L1-R1-OL cells and polymetastatic L1Mic-R1-
POL cells from the lungs of the same animal,
either from distinct nodules on the lung surface
as (L1-R1-OL cells) or from viable cells within
the lung parenchyma (L1Mic-R1-POL cells). Th-
erefore, they were derived from same tissue
microenvironment.

Int J Clin Exp Med 2018;11(6):5764-5773
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In summary, our study demonstrated the devel-
opment and characterization of new xenograft
models of metastases. They recapitulated phe-
notypic features of two clinically relevant hu-
man metastases phenotypes we identified: the
oligometastatic and polymetastatic progres-
sion. These models should prove useful for me-
chanistic investigation as well as for evaluating
therapeutic targeting of sustained oligometas-
tases to achieve the clinical goal of long-term
disease free survival.
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