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Abstract: Metastasis and drug resistance are intertwined processes that are responsible for the vast majority of
patient deaths from breast cancer. The underlying mechanisms remain incompletely understood. We previously
demonstrated that KLF8 activates CXCR4 transcription in metastatic breast cancer. Here, we report a novel role of
KLF8-CXCR4 signaling for converting single organ metastasis into multiple organ metastasis associated with che-
motherapeutic resistance. We show that KLF8 expression in metastatic breast cancer cells can be over-induced by
chemotherapeutic drugs. Analysis of data from large-cohorts of patients indicates that post-chemotherapy there is
a close correlation between the aberrant high levels of KLF8 and CXCR4 and that this correlation is well associated
with drug resistance, metastasis, and poor prognosis. To mimic their aberrant high levels, we overexpressed KLF8
or CXCR4 in a human breast cancer cell line known to metastasize only to the lungs after intravenous injection in
nude mice. As expected, these cells become more resistant to chemotherapeutic drugs. Surprisingly, these KLF8 or
CXCR4 overexpressing cells, even implanted orthotopically, metastasized extensively to multiple organs particularly
the CXCL12-rich organs. Tube formation assay, Ki67 staining and Western blotting revealed that KLF8 or CXCR4
overexpression enhanced angiogenesis involving increased expression and secretion of VEGF protein. We also
found that KLF8 or CXCR4 overexpression strongly enhanced formation of filopodium-like protrusions and prolifera-
tion via CXCR4 stimulation in a 3D culture model mimicking the colonization step of metastasis. Taken together,
these results suggest that the chemo-induction of KLF8 upregulation be critical for drug resistance and systemic
metastasis through enhanced tumor angiogenesis and colonization via CXCR4 over-activation and that KLF8-CXCR4
signaling axis may be a new therapeutic target for drug-resistant breast cancer metastasis.
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Introduction

Breast cancer is the most commonly diagnosed
cancer and the second leading cause of can-
cer-associated mortality among women. In
2020, an estimated 276,480 new cases of
invasive breast cancer will be diagnosed in the
U.S. only [1]. Well-confined primary tumors
are curable through chemotherapy or surgery.
However, extensive metastasis associated with
drug resistance contributes to more than 90%
of mortality from breast cancer [2, 3]. Un-
derstanding the mechanisms behind the multi-
organ metastasis will be helpful for the treat-
ment development.

Both angiogenesis and colonization are rate-
limiting steps of metastasis [4]. Angiogenesis

involves the growth and sprouting of new vas-
cular vessels in both primary and secondary
tumors. Vascular endothelial growth factor (VE-
GF) is a critical proangiogenic growth factor for
angiogenesis [5, 6]. Colonization is a process
that turns micrometastasis to macrometasta-
sis at the secondary sites. Formation of filopo-
dium-like-protrusions (FLPs) is believed to be
essential for colonization by inciting the aggr-
essive outgrowth of secondary tumors [7-10].
Recent studies suggest that both of the meta-
static steps seem to be involved in multi-organ
metastatic progression [11-13].

Kriuppel-like factor 8 (KLF8) is a transcription
factor well known for promoting many aspects
of tumor progression including metastasis [14]
by regulating expression of various tumor-relat-
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ed target genes including C-X-C chemokine
receptor type 4 (CXCR4) [15-20], a receptor
specific for the chemokine known as CXCL12
or the stromal-derived-factor-1 (SDF-1) [21-24].
Aberrant overexpression of CXCR4 in cancer
cells tends to metastasize to the organs with
high levels of CXCL12 by hijacking the physio-
logical homing of immune cells [21]. Indeed,
silencing KLF8 expression in LM2, the lung-
prone variant of the human metastatic breast
cancer cell line MDA-MB-231 [25, 26], inhibits
the lung metastasis of the cells that can be res-
cued by overexpressing CXCR4 in the cells [18].
This rescue efforts involves activation of focal
adhesion kinase known to be important for FLP
formation during colonization [9, 10]. CXCR4 is
also known for its role for tumor angiogenesis
[24, 27, 28] and VEGF overexpression and au-
tocrine secretion in metastatic breast cancer
cells [27, 29].

In this report, we demonstrate that KLF8 can
be over-induced by treatment with chemothera-
peutic drugs in the LM2 cells and ectopic over-
expression of KLF8 or CXCR4 in the cells can
trigger extensive metastasis into multiple or-
gans with dramatic enhancement of VEGF se-
cretion, angiogenesis, FLP formation and co-
lonization.

Materials and methods
Antibodies and reagents

The antibodies for HA-probe (F-7), VEGFA, and
GFP (B-2) were purchased from Santa Cruz
Biotechnology Inc. Antibody for Ki67 (8D5) was
purchased from Cell Signaling Technology Inc.
Recombinant human CXCL12 (300-28A) was
purchased from Peprotech (Rocky Hill, CT, USA).
Alexa Fluor® 568 Phalloidin (A12380) was pur-
chased from Thermo Fisher Scientific.

Plasmid construction, cell line generation, cell
culture and transfection

The lentiviral vectors pLVPZ, pLVPZ-HA-KLF8
and pLVPZ-HA-CXCR4 were constructed as pre-
viously described [16]. The LM2 cells [25, 26]
harboring a GFP-luciferase fusion reporter were
infected with these lentiviruses and selected
by puromycin to obtain cell line expressing
empty vector (LM2-Vector), KLF8 (LM2-KLF8) or
CXCR4 (LM2-CXCR4). Cell culture was described
previously [18].
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Western blotting and quantitative real-time
PCR (qRT-PCR)

Antibodies and cell lines are described above.
The Western blotting and qRT-PCR were carried
out as previously described [18, 20, 30-33].

Angiogenic tube formation assay

Tube formation assay was operated according
to the manufacturer’s instructions (BD Bio-
Coat™ Angiogenesis Systems, Endothelial cell
tube formation). Briefly, the HUVEC cells were
labelled with CytoTracker™ (Cell Biolabs, Green
fluorescence). Then, the HUVEC cells (3 x 10°
cells/ml) were seeded to Matrigel in 100 pl of
conditional medium collected from the LM2 cell
lines. CXCL12 was added to the medium as
designed. The software, WimTube, was used to
analyze and quantify the tube number.

In vitro matrigel-on top (MoT) assay

The MoT assay was used to assess FLP forma-
tion and colonization potential as described [9].
The LM2-Vector, LM2-KLF8 and LM2-CXCR4
cells were cultured under the 3D MoT culture
conditions in which 400 cells were plated
above a layer of undiluted Matrigel (Corning
#356234) (40 ul) and then covered with
Matrigel diluted to 1:50 in culture medium into
8-well chamber slides. Additionally, cells were
exposed by PBS or CXCL12. After 48 hour cul-
ture, the 3D Matrigel inserts were fixed with 4%
paraformaldehyde and stained with Alexa Fluor
568 phalloidin to for 3D imaging of the cell clus-
ters (or colonies) as well as FLP formed by
Ultraview confocal microscopy. The number of
FLP positive clusters and the number of FLPs
formed in each colony were counted. Colo-
nization potential was assessed by the cell pro-
liferation under the 3D MoT culture conditions
with the cell number in each colony counted
after cultured for 2, 5 and 10 days.

Immunofluorescence (IF) staining

After 48-hour 3D MoT culture, the cell colonies
were fixed in 4% paraformaldehyde. Then the
cell colonies were processed in permeabilizing
solution of 0.1% Triton X-100 in PBS and block-
ing solution of 1% BSA in PBS. The cell colonies
were then incubated with primary antibody
(Kie7, CST, #9949S, 1:800) overnight. On the
second day, the extra primary antibody was
washed off and secondary antibody was added
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and incubated for one more hour. The slides
were mounted with ProLong Gold antifade sup-
plemented with DAPI and a coverslip on top.
The fluorescent imaging was carried out with
the Ultraview confocal microscope.

Analysis of tumor growth and metastasis in
vivo

The 4-6-week-old female nude mice (six per
group) were tested for orthotopic tumor growth
and metastasis with injection of the cancer cell
lines into the mammary fad pad. The injections
were performed with 50 pl of cell suspension
containing 106 cells into an insulin syringe into
the mammary fat pads of female nude mice
under anesthesia condition as previously
described [16, 18, 30, 32, 34, 35]. The mice
were housed and maintained in specific patho-
gen-free conditions in the UCF vivarium app-
roved by the American Association for Accre-
ditation of Laboratory Animal Care and in accor-
dance with current regulations and standards
of the United States Department of Agriculture,
United States Department of Health and Hu-
man Services, and the National Institute of
Health. The animal experiments were guided
by the university-approved IACUC protocol with
thorough consideration of humane care of the
mice.

Bioluminescent imaging (BLI)

Tumor growth and metastasis were monitored
and quantitatively analyzed by BLI using Bruker
In-vivo Xtreme Il. After tumor cell injection,
weekly whole body BLI was performed to moni-
tor the tumor progression for 6-8 weeks as
described previously [16, 18, 30, 32, 34, 35].
Briefly, mice were anaesthetized and injected
intraperitoneally with 150 mg/kg of D-luciferin
(15 mg/ml in PBS). Three minutes after injec-
tion, BLI was performed with a Bruker In-vivo
Xtreme Il imager. After the last whole body BLI,
mice were sacrificed and immediately tissue
specific BLI was performed within 5 minutes of
D-luciferin injection to visualize the organ-spe-
cific metastasis.

Immunohistochemical (IHC) staining

The tissue collection and processes and the
staining procedures were previously described
[16, 18, 30, 32, 34, 35]. The antibodies specific
for GFP and VEGFA were described above.
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Statistical analysis

Mean + standard deviation is presented with
a minimum of three observations per group.
Student’s t-test, or one-way ANOVA, unpaired,
paired or single sample, with the Bonferroni
correction for the multiple comparisons was
applied as appropriate. Kaplan-Meier Plots
were used for assessing patient survival. The
alpha level of 0.05 was used to determine dif-
ference with statistical significance.

Results

Chemo-induction of KLF8-CXCR4 signaling
may be responsible for drug-resistant metasta-
sis and poor survival

We have previously demonstrated that silenc-
ing KLF8 expression in the human breast can-
cer cell line LM2 inhibits its lung metastasis
and this inhibition can be reversed by overex-
pressing CXCR4 in the cell [18]. To gain further
insights into the impact of the KLF8-CXCR4 sig-
naling in breast cancer metastasis, we first in-
vestigated potential correlation between levels
of KLF8 and CXCR4 with metastatic rate using
the public database containing gene expres-
sion profiles in tumors forever growing number
of breast cancer patients [36]. We performed
Kaplan-Meier survival analysis of breast cancer
patients of different cohorts and compared the
metastasis-free survival rate between patients
with tumors expressing high levels of KLF8/
CXCR4 and patients with tumors expressing
low levels of KLF8/CXCRA4. Typically, the tumor
MRNA samples are prepared from the surgical-
ly removed tumor tissues after pre-operational
adjuvant chemotherapy. The analysis results
indicate that the patients with the aberrantly
high levels of KLF8 or CXCR4 show much worse
rate of death from metastasis compared with
patients with lower levels of these two genes
(Figure 1A) after the patients have received
systemic chemotherapy alone or in combina-
tion with hormonal therapy after surgical re-
moval of the breast tumors. However, patients
receiving hormonal therapy alone do not show
a difference regardless of KLF8 expression lev-
els. This suggests that during the post-opera-
tional chemotherapy, levels of KLF8 could be
further upregulated or over-induced leading to
subsequent overexpression of its downstream
target CXCR4 and consequently drug resistan-
ce associated poor survival. This result also
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Figure 1. Chemotherapeutic Induction of KLF8-CXCR4 overexpression is related to therapeutic resistant metastasis. A. Aberrant high levels of KLF8 and CXCR4 are
correlated with drug resistance and metastasis associated with poor survival. Kaplan-Meier Plots, illustrating the correlation, are based on the public database of
cancer patient samples (Oncomine). B. Chemotherapeutic drugs induce an increase in KLF8 expression in LM2 cells. LM2 cells in culture were treated with the che-
motherapeutic drugs doxorubicin (Doxo; 0.5 uM), paclitaxol (Pacl; 2.5 pM), cisplatin (Cisp; 3 uM), or DMSO vehicle for 5 days followed by quantitative real-time PCR
analysis of KLF8 expression in the cells. C. Overexpression of KLF8 grants drug resistance via CXCR4. LM2 cells overexpressing HA-KLF8 (LM2-KLF8), HA-CXCR4
(LM2-CXCR4) or empty vector (LM2-Vector) were generated. Expression were confirmed by anti-HA blotting. Sensitivity of the cells to doxorubicin treatment were
examined in the presence or absence of CXCL12 in the medium.
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suggests that the patients, like patients with
ER-negative tumors, did not respond to hor-
monal therapy and hormonal therapy does not
over-induce KLF8 expression.

To test the influence of chemotherapy on KLF8
expression, we treated the LM2 cells, which
are ER-negative, with various chemotherapeu-
tic drugs and examined changes in KLF8 mes-
sage expression. Indeed, KLF8 levels is over-
induced in the LM2 cells when treated with
these drugs (Figure 1B). To mimic the over-
induced KLF8/CXCR4 expression, ectopic over-
expression of KLF8 or CXCR4 in the LM2 cells
was carried out. And it is evident that these
KLF8 or CXCR4-overexpressing LM2 cells have
gained strong resistance to the chemothera-
peutic drug doxorubicin that depends upon
CXCR4 engagement by its ligand CXCL12 inter-
action (Figure 1C).

KLF8 overexpression triggers metastatic ex-
pansion to multiple organs via CXCR4

The LM2 cells are well known to be a lung-prone
variant that was established from the human
metastatic breast cancer cell line MDA-MB-231
[25, 26]. The cells hardly metastasize to tis-
sues other than the lungs even given directly to
the circulation via tail vein injection. To deter-
mine if overexpressing KLF8 or CXCR4 in the
LM2 cells can enhance metastatic potential of
the cells, we implanted the LM2-KLF8, LM2-
CXCR4 or LM2-Vector cells orthotopically into
the mammary fat pad of immunocompromised
nude mice. After seven weeks, metastasis of
the cells into multiple tissues were examin-
ed by tissue-specific bioluminescence imaging
(BLI). Strikingly, while the LM2-Vector cells’
metastasis remained restricted in the lungs,
both the LM2-KLF8 and LM2-CXCR4 cells me-
tastasized way beyond the lungs (Figure 2A)
with particularly high intensities (Figure 2B)
and rates (Figure 2C) to the CXCL12-rich tis-
sues such as the liver and bone marrow com-
pared to CXCL12-free tissues such as the kid-
neys and spleen. These results indicate that
the LM2 cells with KLF8 or CXCR4 overexpres-
sion gained more aggressive metastatic poten-
tial to spread more broadly in addition to the
lungs and suggest that this extensive metas-
tatic pattern could be what happens to the
patients when KLF8-CXCR4 signaling is over-
induced after receiving post-operational sys-
temic chemotherapy.
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KLF8 overexpression enhances endothelial
cell proliferation, tube formation and VEGF
expression via CXCR4

To determine the mechanisms underlying the
extensive multi-organ metastasis of the LM2-
KLF8 and LM2-CXCR4 cells, we first examined
their effects on angiogenesis in vitro. Con-
ditional medium collected from the LM2-KLF8
or LM2-CXCR4 (but not that from LM2-Vector)
culture dramatically enhances the HUVEC en-
dothelial cell proliferation as indicated by the
expression of the Ki67 proliferation maker, and
this enhancement relies on the presence of the
ligand CXCL12 (Figure 3A). Next, we performed
in vitro tube formation assay which measures
the ability of endothelial cells to form capillary-
like structures. In the presence of CXCL12, the
HUVEC endothelial cells formed significantly
more tubes cultured with the condition me-
dium derived from the LM2-KLF8 or LM2-
CXCR4 cells, but not the LM2-Vector control
cells (Figure 3B). We then looked into the ex-
pression of the key angiogenic factor VEGF
both inside the cells and in their conditional
medium by Western blotting. We found that in
the presence of CXCL12, both the LM2-KLF8
and LM2-CXCR4 cells express as well as se-
cret more VEGF than the LM2-Vector cells do
(Figure 3C). These results suggest that one of
the mechanisms behind the multi-organ metas-
tasis could be enhanced angiogenesis associ-
ated with the increase in VEGF expression and
secretion caused by the overexpressed KLF8-
CXCR4 signaling in the cancer cells.

KLF8 overexpression enhances metastatic out-
growth through CXCR4-CXCL12 pathway

Next, we examined the colonization capability
of the LM2-KLF8 and LM2-CXCR4 cells using
the in vitro 3D Matrigel-on-top (MoT) assay that
was developed and used for assessing FLP
formation as described [9] (Figure 4A). In the
presence of CXCL12 in the culture, the LM2-
KLF8 and LM2-CXCR4 cells, but not the LM2-
Vector cells, formed significantly more FLPs
observable as early as a period of two days
(Figures 4B and 2C).

The MoT assay can also be used to assess
potential of colonization, namely, outgrowth of
micrometastatic clusters into macrometastatic
tumor masses [9]. Thus, we performed the MoT
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Figure 2. Overexpression of KLF8 drives massive metastasis to multiple organs through CXCR4 signaling. (A) The
results of tissue specific BLI imaging 7 weeks after orthotopic injection of the LM-KLF8, LM2-CXCR4 or LM2-Vector
cells showing multiple organic metastasis, especially to CXCL12 rich organs. (B) Quantitative analysis of the inten-
sity of tissue specific BLI is shown in (A). (C) Differential metastatic rates to different organs. Animals injected with
KLF8 and CXCR4 overexpression cells exhibit bioluminescent evidence of metastasis to more secondary organs
compared to the control group. The BLI imaging was carried out as described in the Materials and methods.

assay with long-term culture up to ten days and
examined the proliferation rate of the LM2 cell
lines (Figure 5). Clearly, the LM2-KLF8 and
LM2-CXCR4 colonies grew much faster than
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the LM2-Vector colonies leading to significantly
more cells per colony (Figure 5A and 5B). The
proliferation status of the cells was verified by
the positivity of the proliferation marker protein
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Figure 3. KLF8 overexpression enhances angiogenesis in vitro. A. KLF8 overexpression promotes endothelial cell proliferation through CXCR4. HUVEC cells treated
by condition medium from LM2-vector, LM2-KLF8, LM2-CXCR4 with or without supplement of CXCL12. Two days after the treatment, Ki67 immunofluorescence
staining (Red) was used to test endothelial cell proliferation. B. KLF8 overexpression enhances endothelial tube formation via CXCR4. Representative images of
HUVEC tubes (CytoTracker™-labeled) under culture with conditional medium collected from LM2-Vector, LM2-KLF8 and LM2-CXCR4 cells in the presence or absence
of CXCL12. C. KLF8 overexpression upregulates VEGF expression and secretion via CXCR4. VEGFA protein levels in cancer cell supernatant and whole cell lysis were
examined by Western blotting and quantified with Bio-Rad Imager normalized to GAPDH value. *P<0.05; **P<0.01; ***P<0.001.
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resistant multi-organ metasta-
sis. This function of KLF8 is
achieved through enhancing at
least the tumor angiogenesis
and colonization processes of
metastasis after its expressi-
on is over-elevated by chemo-
therapeutic treatment. The do-
wnstream signaling target CX-
CR4 plays a major role in medi-
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Figure 4. KLF8 overexpression triggers FLP formation through CXCR4-CX-
CL12 pathway. A. lllustration of the Matrigel On Top (MoT) culture. B, C. The
LM2-Vector, LM2-KLF8 and LM2-CXCR4 cells were grown in the MoT culture
in the absence or presence of CXCL12 for 48 hours before co-stained with
phalloidin (red) and DAPI (blue). The white arrows point to FLPs that were
counted in five colonies per treatment group. *P<0.05. **P<0.01.

Ki67 in the LM2-KLF8 and LM2-CXCR4 colo-
nies but not the LM2-Vector colonies (Figure
5C).

Notably, the enhanced FLP formation and cell
proliferation both rely on the presence of the
ligand CXCL12. These MoT assay results indi-
cate that overexpression of KLF8 promotes FLP
formation as well as growth rate of the cancer
cells in a CXCR4 dependent manner. These
results also suggest that enhanced coloniza-
tion potential caused by elevated KLF8-CXCR4
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+CXCL12

ating this function of KLF8 as
it relies on the presence of
CXCL12 ligand. And the major
mediating role of CXCR4 is also
reflected by the fact that the
systemic metastasis affects
primarily the organs or tissues
that express high levels of
CXCL12 exactly as does the
LM2 cell overexpressing CXCR4. This is also
supported by our previous report showing that
KLF8 activates CXCR4 transcription in LM2
cells and KLF8 silencing inhibits LM2 lung me-
tastasis [18] and FLP formation [submitted
elsewhere] which can be rescued by re-expres-
sion of CXCR4.

The LM2 variant is known to metastasize the
lungs only even given directly to the blood cir-
culation [25, 26] and the higher-than-normal
expression of KLF8 and CXCR4 in the cell plays
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Figure 5. KLF8 overexpression promotes metastatic proliferation through CXCR4-CXCL12 pathway. A and B. Meta-
static proliferation rate is measured by counting cell number in each colony over a 10-day period of MoT culture in
the absence or presence of CXCL12. Indicated cells were stained as described in Figure 4. Cell number per colony
was counted in five colonies for each treatment group at the three different time points shown. **P<0.0001 com-
pared to the -CXCL12 group; ~P<0.0001 compared to LM2-Vector +CXCL12 group. C. The MoT cells on day 2 were
subject to co-immunofluorescent staining with an antibody for the proliferation marker Ki67 (red) and DAPI (blue)
followed by fluorescent as well as differential interference contrast (DIC) microscopies.
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Figure 6. KLF8 overexpression enhances colonization and angiogenesis in the lung via CXCR4. A. The LM2-Vector,
LM2-KLF8 or LM2-CXCR4 cells were injected into the mammary fat pad. The lung metastases were visualized immu-
nohistochemical staining of GFP reporter expressed in the tumor cells. B. VEGFA expression in the lung tissues were
examined by immunohistochemical staining. The percentage contributions of high positive, positive, low positive,
and negative, respectively were analyzed with ImageJ plus IHC Profiler plugin in each of 5 images per group. The
histoscore (H-score) was then calculated and graphed for quantitative comparison for statistical significance using
One-way ANOVA. **P<0.01; ***P<0.001.

a critical role in the lung metastasis [18]. We
demonstrate here that expression of KLF8 in
the LM2 cell can be further upregulated by
treatment with chemotherapeutic drugs, and
that overexpressing KLF8 in LM2 cell mimick-
ing this over-induction of KLF8 expression by
chemotherapeutic drugs drove its metastasis
extensive to multiple organs and tissues that is
way beyond the lungs. This suggests that sys-
temic chemotherapy after adjuvant chemother-
apy followed by surgical removal of breast can-
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cer tumors from the patients could cause
further upregulation of KLF8 expression in the
residual cancer cells, resulting in extensive and
systemic metastasis of the drug-resistant can-
cer cells. ER status of breast cancer does not
appear to play a role in the over-induction of
KLF8 upregulation and subsequent drug resis-
tant metastasis in the breast cancer patients
given that our analysis of the patient cohorts
did not indicate a significant impact of hormon-
al therapy on the patient survival.

Am J Cancer Res 2021;11(5):2188-2201



KLF8 in drug-resistant metastasis

We previously demonstrated that the KLF8-
CXCRA4 signaling plays a critical role in transen-
dothelial migration [18] suggesting that intra-
vasation and extravasation in addition to angio-
genesis and colonization may also be enhanc-
ed by KLF8-CXCR4 over-induction by chemo-
therapeutic treatment. These results together
make it exciting to think about targeting CXCR4
to prevent drug resistance and multi-organic
metastasis of breast cancer overexpressing
KLF8.

However, unlike KLF8 that is rarely detectable
in normal tissues, CXCR4 is well expressed in
the hematopoietic stem cells (HSCs) and many
types of immune cells such as monocytes, ma-
crophages, dendritic cells, and B- and T-lym-
phocytes [21, 37-40]. This helps the normal
CXCR4* cells to home to their functional tissu-
es that are rich in the ligand CXCL12, such as
the lungs, bone marrow, liver and brain [21, 37,
41-45]. Clinically, systemic delivery of the CX-
CR4 antagonist drug AMD3100 to disrupt the
interaction between CXCR4 and CXCL12 was
approved by the FDA to mobilize HSCs from
bone marrow away to the plasma [46, 47] for
treating hematopoietic malignancies. The suc-
cessful mobilization and enrichment of HSCs in
the blood proves that the CXCR4-CXCL12 inter-
action is essential for retaining the CXCR4*
cells in their physiological “homes”, i.e., the
CXCL12-rich tissues [21, 37, 41-45].

Indeed, recent studies have drawn increasing
attention to the aberrant high levels of CXCR4
expressed in metastatic cancer cells that sp-
read preferentially to the same CXCL12-rich tis-
sues [21, 37, 41-45, 48], suggesting that such
CXCR4-high cancer cells take advantage of the
ligand-guided immunocyte homing and retain-
ing mechanism to establish metastasis [21, 37,
41-45]. Inhibition of CXCR4-CXCL12 interaction
has led to reduction in experimental breast
cancer metastasis in immunocompromised mi-
ce [49-51]. Despite these results in the mice
and the aberrant high levels of CXCR4 found in
patient tumors [42, 43, 52, 53], however, there
has been no report of a successful clinical trial
of AMD3100 or other antagonists for any CX-
CR4 overexpressing solid tumor type.

Notably, the LM2-KLF8 cells also metastasize
to other organs such as kidney and spleen in
addition to the CXCL12-rich organs or tissues.
Moreover, proteins other than CXCR4 also play
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an important role in mediating KLF8 function in
promoting angiogenesis [submitted elsewhere].
These results suggest that multiple downst-
ream factors likely work together to contribute
to KLF8 function in drug resistant metastasis.

Taken together, our study reported here sug-
gests that KLF8 may serve as a potentially bet-
ter molecular target for intervening in the drug
resistant massive metastasis of breast cancer
where KLF8-CXCR4 signaling axis is aberrantly
over-induced by chemotherapy.
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