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Abstract

Cytokines play key roles in a variety of reproductive processes including normal par-

turition as well as preterm birth. Our previous data have shown that MAFF, a mem-

ber of the MAF family of bZIP transcription factors, is rapidly induced by pro‐
inflammatory cytokines in PHM1‐31 myometrial cells. We performed loss‐of‐func-
tion studies in PHM1‐31 cells to identify MAFF dependent genes. We showed that

knockdown of MAFF significantly decreased CXCL1 chemokine and CSF3 cytokine

transcript and protein levels. Using chromatin immunoprecipitation analyzes, we

confirmed CXCL1 and CSF3 genes as direct MAFF targets. We also demonstrated

that MAFF function in PHM1‐31 myometrial cells is able to control cytokine and

matrix metalloproteinase gene expression in THP‐1 monocytic cells in a paracrine

fashion. Our studies provide valuable insights into the MAFF dependent transcrip-

tional network governing myometrial cell function. The data suggest a role of MAFF

in parturition and/or infection‐induced preterm labour through modulation of inflam-

matory processes in the microenvironment.
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1 | INTRODUCTION

Due to lack of direct testing it is still not completely clear how

human parturition is initiated. Current accepted theories for initiation

of labour include a change in hormonal/paracrine regulation and the

appearance of inflammation.1,2 It has been suggested that the uterus

at term constitutes an “inflammatory microenvironment” with leuco-

cytes infiltrating the myometrium, uterine cervix and foetal mem-

brane.3-5 Myometrial cells, in response to inflammation, secrete and

stimulate surrounding cells to produce cytokines, including IL1B and

IL6.6 Leucocytes, recruited by these cytokines, secrete both mono-

cyte recruiting chemo attractants such as CCL2,7 as well as matrix

metalloproteinase (MMPs), enzymes that are capable of digesting the

extracellular matrix,8 thus contributing along with the cytokines to

the activation of genes that ultimately promote cervical dilation/

ripening, membrane rupture9 and contractions.10 Expression array

studies established a network of genes modulated by IL1B in

PHM1‐31 myometrial cells. The identified differentially expressed

genes are associated with cell adhesion/cell motility, inflammation/

immune response and proteolysis.11

Previous studies have linked the MAFF transcription factor to

the inflammatory response.11,12 MAFF belongs to the MAF (avian

muscoloaponeurotic fibrosarcoma) basic leucine zipper (bZIP) family

of transcription factors. The MAFs are classified into two subgroups.

Large MAFs, comprising an activation domain at the N‐terminus,

involved in the regulation of gene expression of various cell types

and tissues including haematopoietic cells, bone, kidney, photorecep-

tor cells, as well as in oncogenesis.13,14 The small MAFs, MAFF,

MAFK15 and MAFG16 are lacking an obvious transactivation domain,

but nevertheless playing key roles in transcriptional regulation.17,18
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Small MAF proteins can form homodimers through which they may

function as transcriptional repressors by acting as dominant negative

factors19 or heterodimerize with other bZIP proteins including the cap

“n” collar (CNC) family members NFE2,20 NFE2L1,21 NFE2L2,22

NFE2L3,23,24 BACH1 and BACH2.25 The resulting homo‐ or heterodi-
mers bind to palindromic Maf recognition element (MARE) sequences,

NF‐E2 binding motifs, antioxidant/electrophile response elements

(ARE/EpRE) and CNC‐sMAF binding elements (CsMBE).13,17,26,27 The

small MAFs play important roles in the control of mammalian gene

expression, and have been linked to a variety of pathways and/or

pathologies,17,18,28 including cellular stress response and detoxifica-

tion,29 diabetes,30 neuronal disease31 and cancer.32,33

Previously, we found that MAFF transcript and protein levels are

induced by the pro‐inflammatory cytokine IL1B and TNF alpha in

PHM1‐31 myometrial cells.11,12 MAFF was the only small MAF pro-

tein to be induced by cytokines, suggesting a specific role for this

protein in the inflammatory response in uterine smooth muscle

cells.12 An earlier report showed that MAFF transcripts are present

in human term myometrium, but not in early gestation period or

non‐pregnant myometrium.34

In the current study, we further explored the link between pro‐
inflammatory cytokines and myometrial cell function in PHM1‐31
cells. We used knockdown approaches to dissect the cytokine‐
dependent regulatory network in this cellular model. Our studies

showed that the MAFF transcription factor functions as an essential

regulator of chemokine and cytokine genes in myometrial cells. This

is of interest, as pro‐inflammatory cytokine signalling mediates cru-

cial functions in normal and premature birth, thus a better under-

standing of the underlying molecular mechanisms may help in the

prevention of preterm labour.

2 | MATERIALS AND METHODS

2.1 | Cells and cell culture

PHM1‐31 myometrial cells were provided by Dr. Barbara Sanborn

(Colorado State University) and were maintained at 37°C in high‐glu-
cose DMEM media (11965‐092; Invitrogen, Thermo Fisher Scientific,

Waltham, MA, USA) containing 0.1 mg/mL Geneticin (450‐130‐QL;

WISENT Inc., QC, Canada), 10% foetal bovine serum, 2 mmol/L L‐glu-
tamine and 2% antibiotic‐antimycotic solution containing 5000 U/mL

penicillin and 5000 U/mL streptomycin as previously described.12

Cells were passaged using 0.05% trypsin‐EDTA (25300‐054; Invitro-
gen). For time course studies, PHM1‐31 cells, untreated (control) or

treated with 10 ng/mL IL1B, were collected at different time points (0,

1, 3, 8 and 12 hours). PHM1‐31 cells were seeded at 6 × 104/cm2 and

scraped into PBS at 90% confluency for immunoblot analysis and

collected by Trizol reagent (15596018; Invitrogen) for RNA extraction.

THP‐1 monocytic cells were provided by Dr. Andrew Mouland

(Lady Davis Institute for Medical Research) and were maintained at

37°C in high‐glucose DMEM media (11965‐092; Invitrogen) contain-
ing 10% foetal bovine serum and 2% antibiotic‐antimycotic solution

containing 5000 U/mL penicillin and 5000 U/mL streptomycin. The

day of the experiment, THP‐1 cells were seeded at a density of

400 000 cells per well in a 12‐well tissue culture plate in 500 μL of

media. Eight hours after change of media, 500 μL of supernatant

derived from the culture of shRNA‐transduced PHM1‐31 cells were

added for 24 hours to each well.

2.2 | Lentivirus‐based transduction of cells with
shRNA

Glycerol stocks of shRNA hairpins were obtained from the Sigma

Mission library and isolation of plasmids was carried out with the

PureLink® HiPure Plasmid Maxiprep Kit (Invitrogen). HEK293T cells

were seeded 24 hours before transfection. For each 10‐cm dish,

0.5 mL 2xHeBS (274 mmol/L NaCl, 10 mmol/L KCl, 1.5 mmol/L

Na2HPO4·2H2O, 12 mmol/L dextrose, and 50 mmol/L Hepes in

500 mL MilliQ water at pH 7.01) was added into a sterile Eppendorf

tube. In another sterile Eppendorf tube, 3 μg of plasmid DNA of

interest, 2 μg of packaging vector pCMV dR8.91, 1 μg of VSV‐G
envelope vector, 60 μL of 2 mol/L CaCl2 and distiled water were

added to bring up the volume to 0.5 mL. The CaCl2/plasmid DNA

mix was added to the 2xHeBS, incubated for 20 minutes and then

added to the cells. Medium was refreshed after 16 hours. The super-

natant of HEK293T cells containing lentivirus was collected after

24 hours to infect cells with 5 μg/mL polybrene (Millipore, Etobicoke,

Canada) for 8 hours. The medium was refreshed after lentivirus

infection and the cells were selected with puromycin. Individual

shRNA vectors used were collected from the human TRC library

(Sigma-Aldrich Canada Cie., Oakville, Canada): TRC2 pLKO.5‐puro
Non‐Target shRNA Control (NTC); shMAFF clone IDs

TRCN0000415716 (sh1) and TRCN0000412857 (sh2).

2.3 | Quantitative PCR

Total RNA was collected in Trizol reagent (15596018; Invitrogen)

and extracted using Aurum™ Total RNA Mini Kit (Bio‐Rad Labora-

tories Ltd., Mississauga, Canada). cDNA was prepared using Easy-

Script Plus™ cDNA Synthesis Kit (Abmgood Applied Biological

Materials Inc., Richmond, Canada) according to the manufacturer's

instructions. Transcript abundance was determined by qPCR using

SsoAdvanced SYBR Green supermix (Bio‐Rad) with the following

primers purchased from Biorad: MAFF (qHsaCED0057106),

CSF3 (qHsaCED0033948), CXCL1 (qHsaCED0046130), RPL37A

(qHsaCED0005290) and IL6 (qHsaCID0020314). Primer sequences

used for CCL2, MMP2 and MMP9 have been described.35 Additional

custom primer sequences are listed in Table S1. The qPCR analysis

was performed in a CFX96 Touch™ Real Time PCR detection system

(Bio‐Rad). Data were analysed by the threshold cycle (Ct) compara-

tive method. Samples were normalized to TBP and PPIA for PHM1‐
31 extracts and to Beta Actin and RPL37A for THP‐1 extracts.36

2.4 | Cell lysis and immunoblot analysis

Whole‐cell extracts were prepared by scraping cells using 1x PBS

and cells were lysed for 10 minutes in whole‐cell lysis buffer
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(10 mmol/L Tris‐HCl pH 8.0, 420 mmol/L NaCl, 250 mmol/L sucrose,

2 mmol/L MgCl2, 1 mmol/L CaCl2, 1% Triton‐X100) supplemented

with complete protease inhibitor cocktail (Roche, Mississauga,

Canada, 04 693 116 001), and then centrifuged at 17 000 g for

10 minutes at 4°C. Supernatants were collected and protein concen-

trations were determined using a protein assay kit (Bio‐Rad,
500‐0006). Thirty microgram of the total protein lysate were

separated by electrophoresis on a 15% sodium dodecyl sulphate

polyacrylamide gel and transferred to a polyvinylidene difluoride

membrane (Millipore). Blots were blocked using 5% milk in TBST

(500 mmol/L Tris pH 7.6, 2 mol/L NaCl, 0.5% Tween) at room tem-

perature for at least 1 hour and then incubated overnight at 4°C

with primary antibodies specific for MAFF (1:1000)12 or ACTIN

(1:50 000; Sigma A5441). Horseradish‐peroxidase (HRP)‐conjugated
antibodies were used for 1 hour at room temperature. A goat anti-

mouse secondary (1:30 000; Thermo Scientific, 31430) was used to

detect ACTIN; a goat anti‐rabbit antibody (1:30 000; Thermo

Scientific, 31460) was used to detect MAFF. The antigen‐antibody
complexes were visualized using the chemiluminescent HRP

substrate (Millipore, WBKLS0500) following the manufacturer's

instructions and exposed to Hyperfilm (GE Healthcare, Baie-d'Urfé,

QC, Canada, 28‐9068‐35).

2.5 | Chemokine and cytokine assays

ELISA assays were carried out using human CXCL1/GRO alpha (R&D

Systems, DY275‐05) and G‐CSF (CSF3) DuoSet (R&D Systems, Inc.,

Minneapolis, MN, USA, DY214‐05) ELISAs according to the manu-

facturer's instructions. Plates were prepared by coating the capture

antibody (mouse anti‐human GROα at 4 μg/mL and human G‐CSF at

1 μg/mL) overnight at room temperature followed by three washes

with PBS. Subsequently, plates were blocked for at least an hour

with reagent diluent followed by another three washes. For the

assay procedure, detection antibodies were used at 40 ng/mL for

biotinylated goat anti‐human GROα, at 300 ng/mL for the human G‐
CSF, and streptavidin‐HRP was used at a 40‐fold dilution into

reagent diluent. The optical density of each well was calculated using

a microplate reader (Fluostar Optima; BMG Labtech, Cary, NC, USA)

by subtracting the absorbance reading measured at 600 nm (back-

ground) from the one obtained at 450 nm.

2.6 | Chromatin immunoprecipitation

ChIP assays were carried out using SimpleChIP® Enzymatic Chro-

matin IP Kit (Cell Signaling Technology, Inc., Danvers, MA, USA,

9003) according to the manufacturer's instructions. 3 × 106 PHM1‐
31 cells were used per IP. Briefly, cells were cross‐linked using 1%

formaldehyde for 10 minutes at room temperature and quenched

with glycine to a final concentration of 0.125 mol/L for 5 minutes.

Subsequently, DNA was lysed for 20 minutes at 37°C using 0.2 μL

of micrococcal nuclease (Cell Signaling, 10011). Digestion was

stopped by adding 10 μL of 0.5 mol/L EDTA (Cell Signaling, 7011)

per IP prep on ice for 2 minutes. This was followed by nuclei lysis

with three sets of 20‐second pulses at 15% intensity using a Fisher

Scientific model 500 sonic dismembrator. The samples were then

incubated overnight with ChIP‐Grade Protein G Magnetic Beads (Cell

Signaling, 9006) with an antibody specific for MAFF.12 Flag rabbit

IgG (DYKDDDDK Tag antibody; Cell Signaling, 2368S) was used as a

negative control. After stringent washes, chromatin was eluted in

ChIP Elution Buffer (Cell Signaling, 7009). Eluates were reverse

cross‐linked by adding 6 μL 5 mol/L NaCl and 2 μL Proteinase K (Cell

Signaling, 10012), and incubated for 2 hours at 65°C. DNA was

extracted and purified using Spin Columns (Cell Signaling, 10010)

and eluted in DNA Elution Buffer (Cell Signaling, 10009). ChIP‐qPCR
analyses were performed in a CFX96 Touch™ Real Time PCR detec-

tion system (Bio‐Rad) and the primers used are listed in Table S1.

2.7 | Statistical analysis

Data are presented as mean ± standard error of the mean (SEM).

Differences between experiments were calculated with two‐tailed
Student t‐test, for at least three independent experiments and statis-

tically significant data are indicated. One asterisk indicates P < 0.05,

two asterisks indicate P < 0.01 and three asterisks indicate

P < 0.001.

3 | RESULTS

3.1 | CXCL1 and CSF3 levels are controlled by
MAFF

MAFF transcripts are highly expressed in term myometrium, but not

during early gestation periods and in non‐pregnant myometrium.34

Our previous data showed that pro‐inflammatory cytokines including

IL1B rapidly induce MAFF transcript and protein levels in human

PHM1‐31 myometrial cells,12 and that a larger network of inflamma-

tory genes is equally modulated by IL1B.11 We thus hypothesized

that the MAFF transcription factor is involved in the regulation of

uterine smooth muscle genes linked to inflammation at the onset of

parturition. We chose to pursue our studies in PHM1‐31 cells, a

myometrial cell model we have analysed previously11,12 and for

which we optimized lentiviral based shRNA knockdown strategies

for loss‐of‐function studies. We confirmed efficient shRNA mediated

MAFF knockdown at the transcript and protein level in these cells

with or without IL1B treatment (Figure 1A,B). We also observed a

prominent increase of MAFF mRNA and protein upon IL1B treat-

ment, confirming our previous data. With respect to MAFF targets,

we focused on genes coding for CXCL1 chemokine and CSF3 cyto-

kine, as our earlier results had shown that they are also significantly

induced by IL1B11 and since they have been shown to be either

directly or indirectly involved in the processes leading to parturi-

tion.37-41 Indeed, the knockdown of MAFF resulted in a significant

decrease of CXCL1 and CSF3 gene transcripts under basal conditions

and following IL1B treatment for 1, 3 and 8 hours (Figure 2A,B), sug-

gesting that MAFF is involved in the control of the expression of

these genes. In the non‐targeting control samples, both, CXCL1 and
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CSF3 mRNA levels are strongly increased upon IL1B treatment in a

time dependent manner, emphasizing the role of MAFF in the regu-

lation of these genes upon IL1B induction (Figure 2A).

In additional studies, we performed ELISA assays to confirm our

data at the protein level. CXCL1 chemokine and CSF3 cytokine

secretion are greatly reduced upon MAFF knockdown in PHM1‐31
cells following 8 and 12 hours of IL1B treatment (Figure 3A,B). Pro-

tein levels without IL1B treatment were below the sensitivity thresh-

old of the ELISA kits used. Taken together, these data suggest that

MAFF positively controls CXCL1 and CSF3 expression in PHM1‐31
myometrial cells both in the presence and absence of IL1B.

3.2 | Binding of MAFF transcription factor to the
CXCL1 and CSF3 loci

To determine whether MAFF recognizes specific sequences in the

CXCL1 and CSF3 genes, we searched for specific DNA binding

peaks in UCSC genome browser database.42 Data from the

ENCODE consortium,42 SYDH track (GEO: GSM935306), showed

MAFF specific binding to CXCL1 and CSF3 loci in HEPG2 hepato-

cellular carcinoma cells. We examined three DNA regions of inter-

est (A, B and C) for CXCL1 corresponding to the three peaks

showing significant MAFF binding in the CXCL1 loci in this cell line

F IGURE 1 Confirmation of MAFF knockdown in PHM1‐31
myometrial cells. PHM1‐31cells were transduced with shRNA (NTC,
sh1 or sh2) and MAFF knockdown analysed in the presence or
absence of IL1B (10 ng/mL). (A) MAFF knockdown at the transcript
level was quantified by quantitative PCR after no‐, 1, 3 or 8 h of
IL1B treatment. (B) MAFF knockdown at the protein level was
detected by immunoblot by using antibodies against MAFF or actin
to control for protein loading after no‐ or 3 h of IL1B treatment.
Data represent mean values ± SEM; unpaired t‐test; *P < 0.05;
**P < 0.01; ***P < 0.001, ΔΔΔ P < 0.001. Asteriks correspond to
the significance with the control (NTC) at the same time point and
triangles to the significance between controls

F IGURE 2 Control of CXCL1 and CSF3 transcript levels by
MAFF in PHM1‐31 myometrial cells. PHM1‐31cells were transduced
with shRNA (NTC, sh1 or sh2) and treated (or not) with 10 ng/mL
IL1B for 1, 3 or 8 h. The regulation of CXCL1 (A) and CSF3 (B)
mRNA expression upon MAFF knockdown was quantified by
quantitative PCR. Data represent mean values ± SEM; unpaired t‐
test; *P < 0.05; **P < 0.01; ***P < 0.001, ΔΔΔ P < 0.001. Asterisks
correspond to the significance with the control (NTC) at the same
time point and triangles to the significance between controls

F IGURE 3 Regulation of CXCL1 and CSF3 protein levels by
MAFF in PHM1‐31 myometrial cells. PHM1‐31cells were transduced
with shRNA (NTC, sh1 or sh2) and treated with 10 ng/mL IL1B for 8
or 12 h. The regulation of CXCL1 chemokine secretion (A) and CSF3
cytokine secretion (B) upon MAFF knockdown was quantified by
ELISA assays. Data represent mean values ± SEM; unpaired t‐test;
*P < 0.05; **P < 0.01; ***P < 0.001, ΔΔΔ P < 0.001. Asterisks
correspond to the significance with the control (NTC) at the same
time point and triangles to the significance between controls

2520 | SALIBA ET AL.



(Figure 4A). For CSF3, two DNA regions were chosen, A and B.

While peak A is the most significant binding peak in HEPG2 cells,

peak B is the second strongest and located in the proximity of the

CSF3 loci (Figure 5A). We performed ChIP assays examining those

regions and found that MAFF binds to the analysed genomic

regions in both the CXCL1 and CSF3 genes in a significant manner

in PHM1‐31 cells (Figures 4B and 5B). For the CXCL1 locus, we

observed significant binding of MAFF to all three selected regions

without IL1B treatment. Upon induction with IL1B, each peak dis-

played a different result. Peak A shows a significant increase of

MAFF binding which establishes a direct transcriptional effect of

MAFF on CXCL1 regulation. Peak B displayed a trend while peak

C lost significance for MAFF binding. For the CSF3 gene, we noted

significant binding of MAFF in both of the identified regions with-

out IL1B treatment and a trend that fails to reach statistical signifi-

cance when treated with IL1B. Contrary to CXCL1, there is no

change in MAFF binding upon IL1B treatment for CSF3 suggesting

a direct regulation but through an IL1B independent mechanism.

Our data suggest that CXCL1 chemokine and CSF3 cytokine loci

are direct targets of the MAFF transcription factor.

3.3 | Effect of MAFF activity in myometrial cells on
monocyte gene expression

It has been proposed that labour resembles an inflammatory process,

with the activation of leucocytes from maternal tissue as well as the

F IGURE 4 Binding of MAFF transcription factor to CXCL1 loci in
PHM1‐31 myometrial cells. (A) Location of MAFF binding sites at
the CXCL1 loci were established using the UCSC genome browser
database and data from the ENCODE consortium (PMID:
22955616), SYDH track (GEO:GSM935306) showing MAFF specific
binding to CXCL1 loci in HEPG2 cells. Chosen peaks for CXCL1 (A‐
C) are marked in yellow, rectangles on top of peaks represent
statistically significant peak calls, the darker rectangles being more
significant. (B) ChIP analysis of MAFF transcription factor binding to
CXCL1 loci. PHM1‐31 cells were treated (or not) with 10 ng/mL
IL1B for 3 h and analysed by chromatin immunoprecipitation using
antibodies against MAFF or FLAG to control for non‐specific
binding. Data represent mean values ± SEM; unpaired t‐test;
*P < 0.05; **P < 0.01; ***P < 0.001

F IGURE 5 Binding of MAFF transcription factor to CSF3 loci in
PHM1‐31 myometrial cells. (A) Location of MAFF binding sites at
the CSF3 loci were established using the UCSC genome browser
database and data from the ENCODE consortium (PMID:
22955616), SYDH track (GEO:GSM935306) showing MAFF specific
binding to CSF3 loci in HEPG2 cells. Chosen peaks for CSF3 (A and
B) are marked in yellow. (B) ChIP analysis of MAFF transcription
factor binding to CSF3 loci. PHM1‐31 cells were treated (or not)
with 10 ng/mL IL1B for 3 h and analysed by chromatin
immunoprecipitation using antibodies against MAFF or FLAG to
control for non‐specific binding. Data represent mean values ± SEM;
unpaired t‐test; *P < 0.05; **P < 0.01; ***P < 0.001

F IGURE 6 Effect of MAFF mediated regulation in PHM1‐31 cells
on THP‐1 monocytes. THP 1 cells were cultured for 24 h with
supernatant from PHM1‐31 cells transduced with NTC, sh1 or sh2.
The regulation of CCL2, IL6, MMP2 and MMP9 mRNA expression
was quantified by quantitative PCR. Data represent mean
values ± SEM; unpaired t‐test; *P < 0.05; **P < 0.01; ***P < 0.001
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increasing levels of cytokines and chemokines from gestational tis-

sue.43 Thus, we examined whether regulation of MAFF expression in

PHM1‐31 cells might have an impact on the leucocyte environment.

As a study model, we chose human THP‐1 monocytic cells.44 We

investigated the expression of CCL2 and IL6 cytokine genes that are

highly up‐regulated in vivo in labouring myometrium as well as the

genes coding for two monocyte activation markers, MMP2 and

MMP9 that contribute to cervical ripening.35 We treated THP‐1 cells

for 24 hours with supernatant from PHM1‐31 cells that have been

transduced with control or MAFF shRNAs. MAFF knockdown leads

to a significant decrease in CCL2, IL6, MMP2 and MMP9 transcript

levels (Figure 6A‐D). Our results indicate that MAFF transcription

factor activity in myometrial cells is able to control cytokine and acti-

vation marker gene expression levels in neighbouring monocytes in a

paracrine fashion.

4 | DISCUSSION

Our previous data linked the MAFF transcription factor to pro‐
inflammatory cytokine signaling in uterine smooth muscle cells.11,12

It has been established that at parturition, leucocytes invade the

uterus and together with the local cells secrete cytokines, thus creat-

ing an inflammatory microenvironment in the reproductive tissues.3

This process is essential for membrane rupture, cervical dilation,

myometrial contraction and expulsion of the foetus.1 In earlier stud-

ies, it has been reported that MAFF is present at high levels in preg-

nant myometrium at term.34 Using PHM1‐31 uterine smooth muscle

cells as well as primary myometrial cells as models, we previously

showed that MAFF transcript and protein levels are up‐regulated by

IL1B and TNF,11,12 both of which have been linked to the onset of

labour.45 The MAFF gene is highly sensitive to IL1B and the induc-

tion is very rapid, as MAFF mRNA increases are observed at as low

as 0.05 ng/mL of the cytokine and as early as 30 minutes following

the treatment.12 We also found that MAFF is the only member of

the small MAF family, to be regulated by IL1B and TNF in this cell

type.12 Together, these studies suggested a specific role for MAFF

in controlling inflammatory processes in myometrial cells. In the pre-

sent study, we identified the genes coding for CXCL1 chemokine

and CSF3 cytokine as MAFF targets use a loss‐of‐function approach.

Transduction of lentiviral vectors coding for MAFF specific shRNAs

resulted in a substantial decrease of MAFF expression, both in the

absence and the presence of IL1B. MAFF knockdown led to a signifi-

cant down‐regulation of CXCL1 and CSF3, both at the transcript and

protein levels, suggesting that these genes are positively controlled

by the transcription factor. Of interest, in a previous study using

genechip expression array profiling in PHM1‐31 cells, we had identi-

fied CXCL1 and CSF3 as one of the transcripts that were most

strongly induced by IL1B.11 Here, we confirmed that IL1B induces

both genes. In the context of preterm labour, induction of pro‐
inflammatory cytokine levels by infection or stress may thus precede

the activation of MAFF. A series of studies have identified IL1B as

one of the cytokines playing a key role in the induction of normal

parturition as well as preterm labour.4,46-48 Importantly, CXCL1 and

CSF3 have been found to be up‐regulated during spontaneous

labour as demonstrated in the RNA‐seq transcriptome studies com-

paring patient samples prior to and after the onset of spontaneous

labour,49 clearly linking these proteins to the labour process. In

F IGURE 7 Model of chemokine and
cytokine regulation by MAFF in parturition
and labor
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addition, CXCL1 and CSF3 have been shown to be important for

neutrophil activation and recruitment,50-52 thus the control of

myometrial gene expression by MAFF may play a role in normal par-

turition and/or preterm labour by promoting a pro‐inflammatory

microenvironment.

One important question was whether MAFF, as a transcription

factor, directly controls the expression of the identified targets. We

consulted UCSC browser data of genome wide MAFF binding analy-

ses in HEPG2 cells and identified a series of significant MAFF DNA

binding peaks present in the CXCL1 and CSF3 loci. Our data showed

that MAFF is binding to these regions in PHM1‐31 cells, and that

the binding preference varies depending on the peak region anal-

ysed. As we based our analysis on ChIP‐sequencing data generated

in hepatic cells, it is conceivable that in our myometrial cell model

MAFF may also bind to other sequences in these genes. We

conclude that MAFF acts as a direct upstream regulator of the

transcription of these genes.

As CXCL1 and CSF3 are both secreted proteins, we hypothe-

sized that regulation of myometrial gene expression by MAFF may

contribute to inflammatory processes in the microenvironment.

Indeed, we found that MAFF knockdown in PHM1‐31 cells can also

affect the gene expression pattern in THP‐1 monocyte cells in a

paracrine manner. MAFF levels in myometrial cells are able to medi-

ate the regulation of CCL2 chemokine, IL6 cytokine and activation

makers such as MMP2 and MMP9 in monocytes. This is of interest,

as leucocyte infiltration of the uterine cervix, predominantly consist-

ing of neutrophils and macrophages, coincides with the onset of

labour.53 Others have observed phenotypic and metabolic changes

in maternal neutrophils and granulocytes in preterm labour.54 Of

note, CXCL1 has been shown to be involved in monocyte recruit-

ment.55 Also, CSF3 functions as an important maturation factor for

monocytes as well as granulocytes.56-58 In conclusion, our data fur-

ther support the involvement of CXCL1 and CSF3 in monocyte and

granulocyte recruitment and maturation, and establishes MAFF as a

key upstream regulator of these cytokine‐mediated signaling path-

ways in myometrial cells, including the recruitment of leuuocytes, a

critical step for the labour process.

Based on our data, we propose a model (Figure 7), in which the

MAFF transcription factor functions as a key regulator in the labour

process, acting as a link between initiation of the process and the

following activation of leucocytes and subsequent uterine activa-

tion.40,48,59-61 In future studies, it will be important to further dissect

the MAFF‐mediated regulatory network in myometrial cells, including

signaling pathways and interacting proteins that control the activity

of the MAFF transcription factor as well as coordinated regulation of

the labour process together with other transcriptional regulators. A

better understanding of the MAFF regulatory network in parturition

may provide means to prevent preterm labour.
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