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Regulation of monocyte induced cell migration by the RNA binding protein, FXR1
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ABSTRACT
FXR1 belongs to a family of RNA-binding proteins that play critical roles in post-transcriptional regulation
of gene expression in immunity, development and cancer. FXR1 is associated with regulation of specific
mRNAs in myocytes and macrophages. In quiescent cells (> 24 h of extended serum-starvation, »30-48 h
or more), a spliced isoform of FXR1, FXR1a, promotes translation of the cytokine TNFa, independent of the
effects of RNA levels. Here we examined the role of FXR1 in THP1 human monocytic leukemic cells that
were grown in serum, as well as in early (24 h) serum-starvation conditions that demonstrates differences
in gene expression mechanisms and is distinct from quiescent (> 24 h extended serum-starvation) cells.
Global RNA profiling, conducted to investigate the role of FXR1 on mRNA levels, revealed that FXR1 affects
levels of specific mRNAs in serum-grown and in early 24 h serum-starvation conditions. FXR1 decreases
levels of several mRNAs, including as previously identified, CDKN1A (p21CIP1 or p21) mRNA in serum-
grown cells. Interestingly, we find that FXR1 positively regulates mRNA levels of specific cytokines and
chemokines in serum-grown and in early 24 h serum-starvation conditions. These include IL1b and CCL2
that control cell migration. Accordingly, depletion and overexpression of FXR1 decreased and increased
levels of CCL2 mRNA. Consistent with the reduced levels of IL1b, CCL2 and other chemokines upon FXR1
depletion, our data reveal that depletion of FXR1 decreases the ability of these cells to induce cell
migration of neighboring monocytic cells. These data reveal a new role of FXR1 in controlling induction of
monocyte migration.
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Introduction

RNA binding proteins play critical roles in post-transcriptional
regulation of gene expression in immunity, development and
cancer.1,2 The RNA binding protein, Fragile-X-Mental-Retar-
dation-syndrome-Related protein 1 (FXR1)3-5 is overexpressed
and associated with poor clinical outcomes in multiple can-
cers.6 FXR1 is similar to Fragile-X-Mental Retardation Protein
1 (FMR1),4,7-14 and is implicated at multiple levels of post-tran-
scriptional control, including translation, mRNA stability and
transport.7-10, 12-13, 15-18 FXR1 is associated with negative regu-
lation of specific growth factor and cytokine mRNAs in myo-
cytes5,19-22 and macrophages,16 which can control
development, cell differentiation and cell state specific func-
tions. However, our previous studies demonstrated that a
spliced isoform of FXR1, FXR1a, promotes specific mRNA
translation independent of RNA levels, in association with an
altered microRNP (microRNA-protein complex), in distinct
conditions, such as oocytes and quiescent (> 24 h, 30–48 h
extended serum-starved) mammalian cells.17,23-25 In cells that
are induced to quiescence by extended serum-starvation (>
24 h), FXR1a isoform promotes translation of Tumor Necrosis
Factor a (TNFa) cytokine23 (independent of RNA level
changes), which can regulate monocyte cell state, signaling and

differentiation, and tumors.26-32 In early (24 h) serum-starved
human THP1 acute monocytic leukemic cells, our data recently
revealed global changes in gene expression mechanisms33 that
are distinct from those in quiescent (extended > 24 h serum-
starved) cells. Cytokines like TNFa are transcribed and
detected in these conditions; however, the role of FXR1 in regu-
lating specific mRNA levels and expression in serum grown and
in early 24 h serum-starved THP1 cells remains to be outlined.
Given the effect of FXR1 on cell differentiation5,20-22 and can-
cer6 and its regulation of TNFa cytokine mRNA expression in
quiescent, extended serum-starved cells, we examined the role
of FXR1 in regulating mRNA levels in serum grown cells and
in early (24 h) serum-starved monocytic leukemic cells.

Here we find that FXR1 is required for regulating RNA levels
and thereby, expression of chemokines and cytokines that induce
cell migration—IL1b and CCL2.34-39 Consistently, we find that
FXR1 is required for the ability of monocytes to induce cell
migration of neighboring cells. These data reveal a new role of
FXR1 in controlling induction of cell migration via regulation of
mRNA levels and thereby, gene expression in monocytic leuke-
mic cells—with implications for monocyte functions and cell sig-
naling in immune/inflammatory response, and in cancer.
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Results

Global transcriptome profiling reveals that FXR1 depletion
affects the levels of distinct mRNAs in THP1 cells

To investigate the role of FXR1, we created stable THP1 mono-
cytic cell lines that inducibly expressed40 a control shRNA
(shCtrl) or a specific shRNA to knock down FXR1 (shFXR1).
FXR1 upregulates the cytokine, TNFa, at the translation level
(independent of RNA levels) in quiescent cells induced by
extended serum-starvation (30-48 h serum-starvation). Since
TNFa mRNA is transcribed and detectable in early (24 h)
serum-starved cells17,23 where gene expression mechanisms are
altered33 and distinct from those in quiescent (extended > 24 h
serum-starved) cells, we examined the effect of FXR1 on
mRNA levels in early (24 h) serum-starved as well as in serum-
grown THP1 human monocytic leukemic cells. The cells were
induced with doxycycline to express the shRNA for 3 d and fur-
ther grown in serum media or serum-starved for 24 h. Western
blot analysis showed that FXR1 was effectively depleted in both
conditions at the protein level and RNA levels (Fig. 1A–C).

FXR1 can regulate mRNA levels16 apart from translation,23

and could thereby, affect monocyte functions. We therefore,
investigated the mRNAs that are affected by FXR1 depletion in
serum grown and 24 h serum-starved cells. Total RNA from
shCtrl and shFXR1 cells, grown in serum containing media or

serum-starved for 24 h, were subject to global mRNA profiling
using Affymetrix GeneChip Human Gene ST 2.0 Arrays
(Fig. 2A, Table S1). Profiling results were validated by qRT-
PCR and revealed decreased FXR1 levels as well as altered levels
of distinct mRNAs in serum-grown and serum-starved cells
(Fig. 2B-C, S1, Table S2A-B). An increase in CDKN1A
(p21CIP1 or p21) mRNA levels is observed in serum-grown
cells upon FXR1 knockdown (Fig. 2B, SC), which is in agree-
ment with previously published data demonstrating CDKN1A
increase upon FXR1 depletion.22 These data reveal that distinct
mRNAs are regulated in the absence of FXR1 in THP1 cells.

Depletion of FXR1 leads to decreased cytokine and
chemokine mRNAs and reduced gene expression
of cell migration regulators, IL1b and CCL2

Gene ontology (GO) analysis of the microarray data revealed
that immune genes, including several cytokines and chemo-
kines, were significantly affected by the decrease of FXR1
(Fig. S2, 2C, 3A–B, Table S3). These effects were more clearly
observed in 24 h serum-starved cells where many of the cyto-
kine and chemokine mRNAs are transcribed and detectable in
comparison to serum-grown cells. The cytokines and chemo-
kines affected by FXR1, include genes such as Interleukin 1b
(Il1b), chemokine (C-C motif) ligand 2 (CCL2) and CCL3

Figure 1. FXR1 knockdown in serum grown and serum-starved THP1 monocytic leukemic cells. (A) Western blot analysis of FXR1 in THP1 stable cell lines expressing control
shRNA (shCtrl) or shRNA against FXR1 (shFXR1) after 3 d of doxycycline induction in serum containing media (SC) or serum-free media for 24 h (S- 24 h). (B) Quantitation
of multiple Western blots using image J. The data represented are the mean and SD values of 6 experiments. p-values were calculated by one tailed paired t test. (C) RNA
level after knockdown of FXR1 evaluated by qRT-PCR. The data represent the mean and SD of 5 experiments p-values were calculated by one-tailed paired t-test.
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(Fig. 3A–B, Table S3) that affect cell migration and invasion,34-
39 suggesting that FXR1 regulates distinct pathways. The che-
mokine, CCL2 mRNA, is detectable in serum-grown as well as
24 h serum-starved cells and was observed to decrease upon
FXR1 knockdown (Fig. 3C). If FXR1 is required for the expres-
sion of these chemokines, then CCL2 mRNA should be upregu-
lated upon overexpression of FXR1. Consistently, we find that
CCL2 mRNA is significantly increased in THP1 cells that stably
overexpress FXR1a, in both serum-grown and 24 h serum-
starved conditions (Fig. 3D–E, FXR1a ox). These data support
that FXR1 regulates the levels and expression of specific cyto-
kines and chemokines.

Il1bmRNA and protein levels are decreased upon FXR1
depletion

The transcript of the cytokine, TNFa, is more easily detectable
in 24 h serum-starved THP1 cells where TNFa is induced com-
pared to serum grown cells.17,23 TNFa mRNA levels decreased
in 24 h serum-starved THP1 cells upon FXR1 depletion
(Fig. 3A–B, Table S3). The cytokine, Il1b mRNA, is also not
significantly detectable in serum-grown cells but is detected in
24 h serum-starved THP1 cells. Like TNFa, Il1b mRNA levels
also decreased in the absence of FXR1, as observed from the
microarray analysis, and as validated by qRT-PCR (Tables S1,

S2B, S3, Fig. 3B). Consistent with the regulation of Il1b mRNA
levels, Western blot analysis revealed that Il1b protein levels
are present in wildtype 24 h serum-starved cells but are signifi-
cantly decreased upon FXR1 depletion (Fig. 4A). TNFa was
concurrently tested—as a positive control that is regulated by
FXR1—and consistently revealed a significant decrease in
TNFa protein levels in FXR1 depleted cells by Western blot
analysis (Fig. 4B). These data suggest that Il1b cytokine mRNA
levels and thereby, Il1b protein levels, are regulated by FXR1 in
24 h serum-starved THP1 cells.

FXR1 depletion decreases the ability of monocytes to
induce cell migration of neighboring cells

FXR1 affects differentiation5,19-21 and macrophage physiol-
ogy.16 Moreover, FXR1 depletion resulted in altered expression
of TNFa23 and other cytokine and chemokine mRNAs16 such
as IL1b and CCL2 (Figs. 3–4) that are involved in monocyte
functions such as neighboring cell migration. We therefore
tested whether FXR1 affects induction of cell migration by
THP1 monocytic cells. Cell migration assays were performed
in transwells using wildtype and FXR1 knockdown cells to test
the migration of another THP1 monocyte cell line that stably
expresses GFP for visualization.41 The top chambers of the
transwells were filled with equal numbers of a THP1 cell line

Figure 2. Global gene expression profiling of FXR1 regulated mRNAs by microarray analysis in control and FXR1 knockdown THP1 monocytes. (A) (Left) Heatmap analysis
of microarray data (Table S1) from THP1 control (shCtrl) and FXR1 knockdown (shFXR1) cells grown in serum containing media (SC) or serum-starved for 24 h (S-24 h).
Heatmap representation and clustering (Euclidean) was done using GENE-E software. (Right) The logarithmic value of individual RNAs in FXR1 knockdown cells (shFXR1)
was plotted against those values in control cells (shCtrl), grown in serum containing media (SC) or serum-starved for 24 h (S-24 h). R square and curve equations were cal-
culated using linear regression model with prism6. (B-C) Fold change values from qRT-PCR of a subset of targets identified from the microarray from serum grown (SC)
and serum-starvation (S- 24h) conditions (Tables S2A-B). The data plotted are the mean and SD of 4 biological replicates. Statistical significance was determined with t
test comparison using the Holm-Sidak method.
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Figure 3. Immune response genes, including cytokines and chemokines, are regulated by FXR1. (A) Gene Ontology (GO) analysis for differentially expressed genes was
performed using the DAVID tool, as previously conducted.33 Immune response associated genes in serum-starved cells (S-24 h) are observed to be significantly affected
by FXR1 depletion (Fig. S2, Tables S2B, S3). Analysis of RNA expression for a subset of mRNAs related to immune response in serum-starved FXR1 depleted cells compared
to serum-starved shCtrl cells: the log base 2 of the fold change values for qRT-PCR (black dot) and microarray (red dot) are plotted. (B) qRT-PCR analysis of select cytokine
and chemokine mRNAs in serum-starved cells showing the fold decrease upon FXR1 knockdown. (C) qRT-PCR analysis of CCL2 mRNA normalized to tRNA-lys RNA levels
in control (shCtrl) and FXR1 knockdown (shFXR1) cells grown in serum (SC) and 24 h serum-starvation (S-) conditions. The average of 3 technical replicates is shown with
SEM as error bars. p-values were calculated by 2-tailed paired t-test. (D) Western blot analysis of FXR1 in THP1 stable cell lines without (WT) or with FXR1a constitutive
overexpression (FXR1a ox), grown in serum (SC) and 24 h serum-starvation (S- 24 h) conditions. (E) qRT-PCR analysis of CCL2 mRNA normalized to tRNA-lys RNA levels in
control (WT) and FXR1 overexpression (FXR1a ox) cells grown in serum (SC) and 24 h serum-starvation (S-) conditions. The average of 3 technical replicates is shown
with SEM as error bars. p-values were calculated by 2-tailed paired t-test.

Figure 4. Il1b levels are decreased upon FXR1 knockdown. (A-B) Western blot analysis of IL1b and TNFa upon FXR1 depletion. Cell lysate and medium from 24 h serum-
starved cells were concentrated using Strataclean resin and the eluates were analyzed by Western blotting. Western blot analysis of (A) IL1b and (B) TNFa, with actin as
loading control. The average of 3 replicates is shown with SEM as error bars. p-values were calculated by 2-tailed unpaired t-test.
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that stably expresses GFP. Equal numbers of 24 h serum-
starved control shCtrl cells or shFXR1 cells (that do not express
GFP) were placed in the bottom chambers supplemented with
10% serum. These cells were tested for their ability to produce
chemokines to promote migration of the GFP expressing cells
from the top chamber into the bottom. As shown in Figs. 5A–
C, FXR1 depletion severely reduced cell migration, compared
to shCtrl cells. The decreased cytokine and chemokine mRNAs,
observed in FXR1 knockdown cells (Fig. 3), are critical for cell
migration,34-39 explaining the decreased induction of cell
migration observed in FXR1 depleted cells (Fig. 5A–C). These
data support that FXR1 regulates the induction of cell migra-
tion of THP1 monocytes.

Discussion

FXR1 is an RNA binding protein that plays important roles in
differentiation, development and cancer.5,6, 16,19-22, 24 Our pre-
vious data demonstrated a role for an isoform of FXR1 in quies-
cent (extended > 24 h serum-starved) cells, in upregulating
translation (independent of RNA level changes) of a critical
cytokine, TNFa17 that can promote monocyte functions,

signaling and differentiation.26,28-31 In early (24 h) serum-
starved THP1 acute monocytic leukemic cells, our data revealed
altered gene expression mechanisms33 that are distinct from
those in quiescent (extended > 24 h serum-starved) cells. Cyto-
kines like TNFa are transcribed and detected in these condi-
tions; however, the role of FXR1 in regulating specific mRNA
levels and expression in serum grown and in early (24 h)
serum-starved THP1 cells remained to be explored. We there-
fore, examined the role of FXR1 in regulating mRNA levels in
monocytic leukemic cells in these conditions. We find that
FXR1 regulates the mRNA levels of a number of genes—includ-
ing promoting the RNA levels and thereby, expression of spe-
cific cytokines and chemokines that are associated with
inducing cell migration.34-39 Consistently, we find that FXR1
depletion reduces the ability of such monocytes to induce cell
migration of neighboring cells, revealing a new role for this
RNA binding protein and one consequence of its role in regula-
tion of gene expression.

FXR1 is an RNA binding protein implicated at multiple lev-
els of post-transcriptional control, including translation,
mRNA stability and transport.7-10, 12-13,15-18 FXR1 has been
found to affect mRNA levels and thereby, regulate gene

Figure 5. FXR1 knockdown leads to decreased induction of cell migration by THP1 monocytes Cell migration assays were performed in transwells to test the migration of
a THP1 monocytic cell line that stably expresses GFP for visualization.41 Cell migration assay was performed using THP1 cell lines expressing (A) control shRNA (shCtrl) or
(B) shRNA against FXR1 (shFXR1), which were grown in serum-starvation conditions (S-24 h), and then placed in the bottom chambers and supplemented with 10%
serum. The top chamber was filled with a THP1 monocyte cell line that stably expresses GFP. (C) Graph representing cell migration count using imageJ of GFP positive
cells that migrated through the membrane filter in (A-B). p-values were calculated by one-tailed unpaired t-test.
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expression.6,16, 18,22 CDKN1A mRNA was previously demon-
strated to be downregulated by FXR122; accordingly, our micro-
array data also showed that depletion of FXR1 in serum-grown
cells promotes CDKN1A mRNA levels (Fig. 2B, SC,
Table S2A). However, our previous data reveal that FXR1 can
also promote expression of specific genes, such as TNFa in qui-
escent (extended > 24 h serum-starved) cells17 and Myt1
mRNA in oocytes.24 Additionally, recent publications reveal
that FXR1 promotes expression of specific mRNAs such as Epi-
thelial cell transforming 2 (ECT2) in lung cancer cells.6 Consis-
tently, we find that FXR1 is also required to promote the RNA
levels and thereby, expression of specific mRNAs in monocytic
leukemic THP1 cells in serum grown and 24 h serum-starved
conditions (Figs. 2B–C, 3A–B).

Our previous data demonstrated a role for FXR1 in pro-
moting expression of the cytokine, TNFa, in cells induced to
quiescence by extended serum-starvation (30-48 h, > 24 h of
serum-starvation), at the translation level, independent of
changes in RNA levels.17 Interestingly, our microarray data
revealed several genes that are upregulated at the RNA level
by FXR1 and consequently decreased upon its depletion in
both serum grown cells, as well as in early (24 h) serum-
starved cells (Fig. 2B–C, 3A–B, Tables S1, S2A-B), where
many of these mRNAs are induced and transcribed. Early
(24 h) serum-starved cells are distinct from quiescent (> 24 h
extended serum-starved) cells and represent a transitional
stage where the cells decide to enter quiescence, or return to
proliferation, or enter other cell states such as differentiation.
Consistently, we previously found that global gene expression
mechanisms are altered in early (24 h) serum-starved cells in
a manner distinct from that observed in quiescent (> 24 h
extended serum-starved) cells.33 The identified regulation—
with FXR1 promoting specific mRNA levels in early (24 h)
serum-starvation conditions, where many of these RNAs are
induced and transcribed—may serve as an early response/ini-
tial regulatory mechanism, prior to regulation of specifically
increased mRNAs by different mechanisms (translation upre-
gulation independent of RNA level changes) upon subsequent
extended serum-starvation/entry into quiescence. Accordingly,
TNFa mRNA levels and thereby, protein levels, are increased
in early (24 h) serum-starved cells by FXR1—and then transi-
tionally upregulated, independent of mRNA levels, in
extended > (24 h) serum-starved, quiescent cells.17 These
distinct mechanisms—regulation of mRNA and thereby pro-
tein levels in early (24 h) serum-starved cells, and regulation
of translation/protein levels independent of mRNA level
changes in quiescent (extended >24 h serum-starved) cells—
may provide alternative means of upregulating specific gene
expression, and at potentially different levels, as required in
these distinct conditions.

These mRNAs not only include the previously identified
TNFa17 but also other cytokines like IL1b, and chemokines like
CCL2 (Fig. 3, S2, Table S3). The cytokines and chemokines that
are regulated by FXR1 control cell migration and invasion,34-39

indicating the specificity of FXR1 in regulating distinct pathways.
Apart from this role of FXR1 in promoting the expression of
TNFa and IL1b cytokines in serum-starved THP1 monocytes,
FXR1 has been shown previously to downregulate the expression
of these cytokines in LPS stimulated mouse macrophages,16

indicating that FXR1 can differentially regulate gene expression
in distinct conditions to elicit specific gene expression outcomes.

In FXR1 depleted cells, the downregulated levels of cyto-
kines such as IL1b mRNA (Fig. 3B) is also accompanied by
decreased levels of IL1b protein (Fig. 4A), indicating reduced
levels of gene expression due to diminished mRNA levels, and
subsequently, decreased protein levels. One possible mecha-
nism could be the involvement of conserved elements such as
30-UTR AU-rich elements, since FXR1 is known to interact
with AU-rich elements that are present not only in TNFa
mRNA but also in IL1b, CCL2 and other chemokine and cyto-
kine mRNAs.16,17, 42,43 Alternative mechanisms including com-
petition with other RNA regulators, other sequence elements in
the 30-UTRs of these specific mRNAs, mRNA export, and regu-
lation at the translation level may be additionally involved and
cannot be ruled out. The regulation of these genes by FXR1
could be indirect—via regulation of mRNA levels and transla-
tion by other unknown effectors that may in turn be controlled
directly by FXR1 and remain to be elucidated.

FXR1 affects critical cellular functions in development, dif-
ferentiation, immunity and cancer.5,6 16,19-22, 24 Deregulation of
FXR1 levels affects cell growth and cancer via control over cell
cycle and growth factor gene expression.6,22 FXR1 also affects
the gene expression of immune modulators at the post-tran-
scriptional level.16,17 Our data reveal that FXR1 is required for
upregulated mRNA levels and thereby, expression of specific
chemokines and cytokines, such as CCL2 and IL1b that induce
cell migration and play critical roles in invasion, cell-to-cell
communication, differentiation, and inflammatory response.34-
39 Consequently, depletion of FXR1 decreases such chemokines
and cytokines, and reduces induction of cell migration by
FXR1 depleted monocytes. These data reveal a new conse-
quence for the role of FXR1 in gene expression regulation, in
controlling the induction of cell migration by monocytic cells,
which plays important roles in immune cell functions and cell-
cell communications in inflammation and in cancer.

Methods

Cell culture

THP1 monocytic leukemic cell line was cultured in RPMI 1640
(Life Technologies), supplemented with 10% fetal bovine serum
(Life Technologies), 100 nM penicillin/streptomycin (Life
Technologies), 2mM L-glutamine (Life Technologies).
HEK293T cell line was cultivated in DMEM (Life Technolo-
gies) supplemented with 10% fetal bovine serum (life technolo-
gies), 100 nM penicillin/streptomycin (Life Technologies),
2mM L-glutamine (Life Technologies). In S- (24 h) conditions
the cells are cultivated for (24 h) in medium without serum23;
both conditions were maintained at 5% CO2 and 37�C.

Lentiviral transduction

Lentiviruses were produced in 293T packaging cells with FXR1
shRNA V3THS_340198 (used in all figures), V2THS_18038,
and pTRIPZ vectors (GE Dharmacon, Open Biosystems) as
conducted previously.33 Supernatants were collected every
(24 h) on 3 consecutive days starting 24 h after transfection,
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and viral particles were concentrated by centrifugation at
15,000 rpm for 2 h at 4�C. Approximately 10,000 THP1 cells
were seeded (per well) in a 96-well culture plate and infected
with 10 ml of concentrated virus in the presence of polybrene
(7 mg/ml). The cells were spun down at 1000g for 30 minutes
at 37�C. The medium was replaced and cells were transferred
to a bigger plate. After 3 d of culture, 1mg/mL of puromycin
was added to the culture and the medium was changed every
48 h.

Cell migration assay

Cell migration assays were performed as described41 to test the
migration of a THP1 monocyte cell line that stably expresses
GFP for visualization. Transwell membranes (Sigma, 8 mm
pore size) were washed with PBS and pre-incubated with
serum-free RPMI media for 30 min at 37�C. After removing
media, equal numbers of THP1 cells that stably express GFP
were added to the upper chambers. Following serum starvation
for 24 h, equal numbers of wild-type or FXR1 knockdown
THP1 cells were plated in the lower chambers and supple-
mented with 10% serum. The number of migrated THP1 cells
expressing GFP in the lower chambers was measured using the
imageJ software.

Microarray

Total RNA was extracted with 3 volumes of TRIzol (Invitrogen)
and cleaned using RNeasy mini kit (Qiagen). The synthesized
cDNA probe (WT Expression Kit; Ambion) was hybridized to
GeneChip Human Gene ST 2.0 Array (Affymetrix) by the Part-
ners Healthcare Center for Personalized Genetic Medicine
Microarray facility. A 1.5-fold change in microarray expression
was used as the cutoff to determine differentially regulated
genes (Tables S1-3, Figs 2–3). Gene Ontology (GO) analysis for
differentially expressed genes was performed with the DAVID
tool as previously conducted.33

Plasmids

pTRIPZ constructs40 against control and FXR1
(V2THS_18042; V2THS_18038; V3THS_340198) were
obtained from Open Biosystems, Thermo. pTRIPZ vector,
which expresses an shRNA with miR30a pri-cursor-miR
sequences, was used as control (shCtrl). FXR1a was previously
described in reference 17 (FXR1a is labeled according to refer-
ence 3; GenBank: BC028983.1, which is also called transcript
variant 2 or isoform b in GenBank, Accession version:
NM_001013438.2).

Western blot analysis of cytokines

THP1 cells were grown in medium containing serum and
1 mg/ml doxycycline for 2 d and then switched to serum-
starvation conditions with 1 mg/ml doxycycline for 24 h.
The cells were harvested by centrifugation, resuspended in
lysis buffer and snap frozen in dry ice. The lysates were
sonicated for 10 min (Bioruptor high intensity with 30 s
on and 30 s off). After 10 min of centrifugation at

10000 rpm at 4�C, the protein concentration of the super-
natant was measure using Bradford assay. The culture
media (500 ml) that was separated from the centrifuged
cells was saved and incubated with 50 ml of Strataclean
resin (Stratagene) for 20 min at 4�C to bind the secreted
proteins, including cytokines and chemokines in the cul-
ture media. The resin was washed 2 times with PBS and
the proteins were eluted by boiling the resin for 10 min in
1x SDS loading buffer. After 2 min of centrifugation at
5000 g, the supernatant (which constitutes the secreted
cytokines and chemokines present in the culture media)
was combined with the cell lysate and analyzed by SDS-
PAGE.

qRT-PCR analysis

RNA was extracted using Trizol (Invitrogen) according to the
manufacturer’s protocol. cDNA synthesis was performed using
Random Primers (Invitrogen) using M-MULV reverse tran-
scriptase (NEB). Quantitative real-time PCR (qRT-PCR) was
performed using primers (IL1b-for: TACCTGTCCTGCGTGT
TGAA; IL1b-rev: TCTTTGGGTAATTTTTGGGATCT; CCL2-
for: AGTCTCTGCCGCCCTTCT; CCL2-rev: GTGACTGGGG
CATTGATTG; FXR1-for: AGCTGCGACAGATTGGTTCT;
FXR1-rev: TCAGAGGGGTTAGACAGCTCA; IFNA5-for: TG
TATGATGCAGGAGGTTGG; IFNA5-rev: TCACAGTCAG-
GATAGAGTCCACA; CXCR4-for: GGATATAATGAAGT-
CACTATGGGAAAA; CXCR4-rev: GGGCACAAGAGAATT
AATGTAGAAT; CXCL1-for: TCCTGCATCCCCCATAGT
TA; CXCL1-rev: CTTCAGGAACAGCCACCAGT; IL8-for:
GAGCACTCCATAAGGCACAAA; IL8-rev: ATGGTTCCTTC
CGGTGGT; CCL3-for: GGCTCTCTGCAACCAGTTCT; CCL
3-rev: AATCTGCCGGGAGGTGTAG; CCL3L1-for: CTCCA
AGCCCAGTGTCATC; CCL3L1-rev: GAAGCTTCTGGACC
CCTCA; TNFa and tRNA-lys primers as described previ-
ously23) following the manufacturer’s directions (Applied Bio-
systems) on a lightcycler 480 (Roche).
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