
INTRODUCTION

Endometriosis is a common gynecological disease charac-
terized by endometrial tissue growth outside the uterus, ow-
ing to increased cellular proliferation or decreased apoptosis 
in response to appropriate stimuli. Globally, endometriosis 
reportedly affects 5%-20% of women of reproductive age, 
with patients generally experiencing non-cyclical pelvic pain, 
dyspareunia, dysmenorrhea, and subfertility. Based on accu-
mulated evidence, apoptosis helps maintain cellular homeo-
stasis by promoting the removal of senescent cells from the 
functional layer of the endometrial lining during menstrual and 
late secretory phases of the cycle (Herington et al., 2011). In 
patients with endometriosis, the apoptotic cell population in 
sloughed endometrial cells is found to be markedly decreased 
(Khazaei et al., 2016), suggesting that women who develop 
endometriosis have an increased number of surviving cells 
entering the peritoneal cavity. Macrophage recruitment and 
activation reportedly play a key role in endometriosis (Bon-
dza et al., 2009). In patients with endometriosis, macrophage 
populations are significantly increased in peritoneal lesions 
(Hever et al., 2007). Notably, ectopic sites show increased 

macrophage activation, along with increased levels of synthe-
sis and secretion of various pro-inflammatory mediators, such 
as interleukins (Wu and Ho, 2003), other cytokines (Taylor et 
al., 1997), and angiogenic factors (Kyama et al., 2003), when 
compared with those in the peritoneal fluid or peritoneum of 
normal controls (Kyama et al., 2003; Siristatidis et al., 2006). 
These findings suggest that agents that induce endometriotic 
cell apoptosis and inhibit macrophage activation could be de-
veloped as potential therapeutic candidates for endometriosis.

Luteolin (3,4,5,7-tetrahydroxyflavone) is a natural flavonoid 
abundant in several food sources, including fruits, vegetables, 
nuts, and herbs (Lopez-Lazaro, 2009; Bhagwat et al., 2011). 
Dietary sources rich in luteolin include carrot, broccoli, pars-
ley, celery, olives, thyme, and clove. Previous studies have 
revealed that luteolin possesses numerous pharmacological 
properties, including antioxidant, anti-inflammatory, anti-aller-
gic, and anti-tumor activities (Lopez-Lazaro, 2009; Jang et al., 
2010; Nazari et al., 2013; Si et al., 2014). For example, luteolin 
reportedly attenuates oxidative damage and lipid peroxidation 
in peripheral nerves of patients with diabetes (Li et al., 2015). 
Additionally, luteolin effectively inhibits the expression of lipo-
polysaccharide-induced pro-inflammatory mediators in vitro 
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Luteolin, a flavonoid present in several fruits, vegetables, nuts, and herbs reportedly exhibits anti-cancer and anti-inflammatory 
properties. However, the effect of luteolin on endometriosis, a painful condition characterized by the ectopic growth of endometrial 
tissue and pelvic inflammation, remains elusive. Herein, we observed that luteolin inhibited cell growth and induced apoptosis 
of 12Z human endometriotic cells by activating caspase-3, -8, and -9. Additionally, luteolin significantly inhibited the expression 
of key chemokines, C-C motif chemokine ligand 2 (CCL2) and CCL5, required for monocyte/macrophage influx at endometriotic 
sites. In macrophages stimulated by endometriotic cells, luteolin treatment suppressed the intracellular expression of M2 markers 
and endometriosis-promoting factors. Collectively, our data suggest that luteolin exerts anti-endometriotic effects by stimulating 
endometriotic cell apoptosis and hindering the alternative activation of macrophages. 
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and reduces leukocyte infiltration in vivo (Kotanidou et al., 
2002). Luteolin inhibits the proliferation of human glioblastoma 
cells by inducing cell cycle arrest and apoptosis (Tsai et al., 
2013). Moreover, luteolin treatment has been shown to reduce 
the number of eosinophils, neutrophils, and lymphocytes, as 
well as the levels of T helper 2 cytokines, in a murine model of 
allergic asthma and rhinitis (Jang et al., 2017). However, the 
effect of luteolin on endometriosis needs to be clarified. There-
fore, in the present study, we evaluated the anti-endometriotic 
effects of luteolin using 12Z human endometriotic cells and 
macrophages stimulated by endometriotic cells.

MATERIALS AND METHODS

Materials
Luteolin was isolated from the ethyl acetate (EtOAc) frac-

tion of the 70% EtOH extract flower buds of Syzygium aro-
maticum as described in our previous study (Ryu et al., 2016). 
DMEM media and RPMI 1640 media, fetal bovine serum 
(FBS), penicillin, and streptomycin were purchased from Life 
Technologies, Inc (Grand Island, NY, USA). Propidium iodide 
(PI), phorbol myristate acetate (PMA), 2-mercaptoethanol, 
and caspase inhibitors were purchased from Sigma Aldrich Co 
(St. Louis, MO, USA). MTT (3-[4,5-Dimethylthiazol-2-yl]-2,5-
diphenyltetrazolium bromide) was procured from Molecular 
Probes, Inc (Eugene, OR, USA). Annexin V-fluorescein iso-
thiocyanate (FITC) and phenylmethylsulfonylfluoride (PMSF) 
were obtained from BD Biosciences (San Diego, CA, USA). 
The Enhanced chemiluminescence (ECL) detection reagent 
kit was purchased from AbClon Inc (Seoul, Korea). Cas-
pase-8 antibody was purchased from Santa Cruz Biotechnol-
ogy (Santa Cruz, CA, USA). Anti-caspase-3 and -9 antibodies 
were procured from Cell Signaling Technology (Beverly, MA, 
USA). Protein lysis buffer and Easy Blue kit for RNA extrac-
tion were supplied from Intron Biotechnology (Seoul, Korea). 
Protease inhibitor cocktail was purchased from Boehringer 
Mannheim (Mannheim, Germany). SYBR Premix Ex Taq was 
supplied from TaKaRa (Tokyo, Japan). First-Strand cDNA syn-
thesis kit was procured from Amersham Pharmacia Biotech 
(Oakville, ON, Canada).

Cell culture
Human endometriotic 12Z cells were generously gifted by 

Dr. Starzinski-Powitz (Johann-Wolfgang-Goethe-Universitaet, 
Frankfurt, Germany) and were maintained at 37°C in a con-
taining 5% CO2 and cultured in DMEM containing 5% (v/v) 
fetal bovine serum, 100 U/ml penicillin, and 100 µg/mL strep-
tomycin sulfate. The cells were treated with vehicle (DMSO) 
or luteolin. The human monocyte THP-1 cells were purchased 
from American Type Culture Collection (ATCC, Manassas, VA, 
USA) and cultured in RPMI 1640 containing FBS 10% (v/v), 
streptomycin sulfate (100 µg/mL), penicillin (100 U/mL), and 
2-mercaptoethanol (0.05 mM). THP-1 cells were differentiated 
into macrophages with 100 nM phorbol 12-myristate 13-ac-
etate (PMA) for 24 h. To prepare the endometriosis-associated 
macrophages (EAMs), the macrophages were stimulated with 
conditioned medium (CM) containing various soluble factors 
derived from endometriotic 12Z cells. The 12Z cells (1×106) 
with 3 mL complete medium were seeded and cultured in 60 
mm dish. After 48 h, the medium of the cultures was harvested 
and used for stimulation of macrophages. 

Cell viability 
12Z cells (1×105) were seeded into each well of a 96-well 

plates and allowed for incubation overnight. After 48 h treat-
ment, 25 µL of a 0.5 mg/mL MTT solution was added into each 
well and the cells were further incubated at 37°C for 4 h. There-
after the media was aspirated and dimethyl sulfoxide (DMSO) 
was added to dissolve the formazan blue. Absorbance of the 
samples was determined at a wavelength of 540 nm by Spec-
tra Max (Molecular Devices, Sunnyvale, CA, USA).

Apoptosis analysis 
Cells were treated with luteolin for 24 h. After collection, the 

cells were washed in ice-cold PBS. Subsequently, the cells 
were centrifuged at 1,000 rpm for 10 min and washed twice 
with PBS. The cells were resuspended with a binding buffer 
(0.1 M Hepes/NaOH pH 7.4, 25 mM CaCl2, 1.4 M NaCl), con-
taining PI and Annexin V- FITC, and stored in the dark at room 
temperature for 20 min. Apoptosis of cells analyzed by Guava 
easyCyte flow cytometry system (Millipore Corporation, Bill-
erica, MA, USA). 

Western blot 
Lysates from cells were electrophoresed on 10% sodium 

dodecyl sulfate polyacrylamide gel electrophoresis (SDS-
PAGE) gel and transferred to the polyvinylidene fluoride 
(PVDF) membranes at 300 mA for 1 h. The membranes were 
blocked in 5% skimmed milk/TBST (Tris-buffered saline buf-
fer containing 0.1% Tween-20) for 30 min, followed by incu-
bated with primary antibodies using TBST with 3% skimmed 
milk. Antibodies used include: caspase-3 (1:1,000), caspase-8 
(1:1,000), caspase-9 (1:1,000), and β-actin (1:1,000). The 
washed membranes were probed with horseradish peroxi-
dase-conjugated secondary antibody (1:1,000) in TBST with 
3% skimmed milk. The membranes were washed again three 
times in TBST buffer and incubated with ECL solution for 1 
min. Immunoreactivity for the transferred proteins was visual-
ized and analyzed by Image Quant LAS-4000 (Fujifilm Life 
science, Tokyo, Japan).

Quantitative real-time PCR 
According to the manufacture’s protocol, total RNA was 

isolated from 12Z cells and macrophages using Easy Blue re-
agent (Invitrogen, San Diego, CA, USA). After total RNA was 
reverse transcribed into the cDNA using first-strand cDNA 
synthesis kit (Amersham Pharmacia Biotech), SYBR Premix 
Ex Taq™ Kit and Thermal Cycler Dice Real-Time PCR Sys-
tem (TaKaRa) were used for the reverse-transcription (RT)-
PCR. The primers pairs used for real-time RT-PCR reactions 
(Bioneer, Seoul, Korea) are as follow (forward and reverse): 
human CCL5, 5’-CCTCATTGCTAGGCCCTCT-3’ and 5’-GG-
TGTGGTGTCCCGAGGAAT-3’; hu man CCL2, 5’-GCTCA T  -
A  GCAGCCACCTTCA-3’ and 5’-G G A CACTTGCTGCTGG  T-
GAT-3’; human CD206, 5’-A C CT CACAAGTATCCACACCATC-3’ 
and 5’-CTTTCATCACCACA CAATCCTC-3’; human Trem-2, 
5’-TTGCCCCTATGACTCCATGA-3’ and 5’-CGCAGC G TAA-
T G GTGAGAGT-3’; human MMP-9, 5’-CGATGACGA GT TG-
TGGTCCC-3’ and 5’-TCGTAGTTGGCCGTGGTACT-3’; human 
MMP (matrix metalloproteinase)-2, 5’-ACCGCGACAAGAAG-
TATGGC-3’ and 5’-CCACTTGCGGTCATCATCGT-3’; human 
IL-10, 5’-GACCAGCTGGACAACATACTGCTAA-3’ and 5’-GA T 
AAGGCTTGGCAACCCAAGTAA-3’; human VEGF (vascu-
lar endothelial growth factor), 5’-ATGGCAGAAGGAGGA G G 
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 GCA-3’ and 5’-ATCGCATCAGGGG CACACAG-3’; human GA 
PDH, 5’-GAGTCAACGGATTTGGTCGT-3’ and 5’-TTGATTTT 
GGAGGGATCTCG-3’. To analyze the relative mRNA levels 
of target gene, the average cycle threshold (Ct) value of each 
triplicate reaction was normalized relative to that of an internal 
control, GAPDH. Melting curve analysis was performed to verify 
the presence of gene-specific peak and the absence of primer 
dimer.

Statistical analysis
Statistical analysis for comparison was performed using the 

One-way ANOVA or Student’s t-test. Statistical significance was 
accepted at p-value<0.05. Data were expressed as mean ± SD 
of at least three independent experiments.

RESULTS

Luteolin inhibits cell growth via apoptosis induction in 
human endometriotic cells

Endometriosis is characterized by the ectopic growth of en-
dometrial tissues. In the present study, we investigated the 
effect of luteolin (Fig. 1A) on the growth of 12Z human endo-
metriotic cells using the MTT 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide) assay. Luteolin significantly in-
hibited cell growth in 12Z cells in a dose-dependent manner 
(Fig. 1B), prompting us to further explore the molecular mech-
anism underlying this effect. To investigate whether luteolin-

induced cell death is associated with the induction of apop-
totic cell death, Annexin V-FITC staining was performed. As 
shown in Fig. 2, luteolin markedly enhanced the population of 
apoptotic Annexin V-FITC-positive cells in a dose-dependent 
manner, indicating that luteolin induces apoptotic cell death in 
human endometriotic cells.

Luteolin promotes apoptosis through caspase activation 
in human endometriotic cells

Next, we investigated whether luteolin-induced apoptosis 
was caspase-dependent. Western blotting was performed to 
evaluate the activation of initiator caspases (caspase-8 and 
caspase-9) and an effector caspase (caspase-3) indicated 
by the density of pro-caspases. As shown in Fig. 3A, luteolin 
dose-dependently and markedly decreased the levels of pro-
caspase -3, -8, and -9 in 12Z cells. Various caspase inhibitors 
were then employed to further confirm the involvement of cas-
pases in luteolin-induced cell death (Fig. 3B). Pretreatment 
with Z-VAD-FMK (a broad caspase inhibitor), Z-DEVD-FMK 
(caspase-3 inhibitor), Z-IEVD-FMK (caspase-8 inhibitor), and 
Z-LEHD-FMK (caspase-9 inhibitor) markedly reduced the in-
hibitory effect of luteolin on cell growth. These findings indi-
cate the involvement of the caspase-dependent pathway in 
luteolin-induced apoptosis in human endometriotic cells.

Luteolin downregulates the expression of the chemokines 
CCL2 and CCL5 in human endometriotic cells

The increased production of chemokines, such as C-C mo-
tif chemokine ligand 2 (CCL2) and CCL5, by endometriotic 
tissues, has been postulated to promote a pro-inflammatory 
environment that fuels disease pathogenesis by inducing 
macrophage recruitment to endometriotic lesions (Hornung 
et al., 2001; Lebovic et al., 2001, 2004). We examined the 
effect of luteolin on the expression of CCL2 and CCL5 in hu-
man endometriotic cells. Luteolin significantly suppressed the 
intracellular mRNA levels of CCL2 and CCL5 in 12Z cells (Fig. 
4). This finding suggests that luteolin may inhibit macrophage 
recruitment to the endometriotic lesion by downregulating the 
expression of the chemokines CCL2 and CCL5, thereby sup-
pressing their secretion by endometriotic cells.

Luteolin downregulates the expression of M2 phenotype 
markers and endometriosis-promoting factors in 
macrophages stimulated by human endometriotic cells

Reportedly, macrophages are recruited to endometriotic 
lesions, where they undergo alternative activation (M2 polar-
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ization) (Capobianco and Rovere-Querini, 2013). Therefore, 
we investigated the effect of luteolin on the M2 polarization 
of macrophages. Macrophages were stimulated by condi-
tioned medium containing various soluble factors (cytokines, 
chemokines, and growth factors) derived from endometriotic 
12Z cells and the so-called endometriosis-associated macro-
phages (EAMs), revealing increased intracellular expression 
of the CD206 and Trem-2 M2 phenotype markers when com-
pared with that in control macrophages (Fig. 5). Treatment 
with luteolin significantly reduced the mRNA expression of 
CD206 and Trem-2 in EAMs. Notably, EAMs are known to pro-
duce various endometriosis-promoting factors, such as matrix 
metalloproteinase (MMP)-2/9, interleukin (IL)-10, and vascular 
endothelial growth factor (VEGF) (Woo et al., 2017). As shown 
in Fig. 6, luteolin significantly inhibited the intracellular expres-
sion of IL-10, VEGF, and MMP-2/-9 in EAMs. Our findings sug-
gested that luteolin suppressed macrophage activation, which 
is known to promote endometriosis progression.

DISCUSSION

In recent years, natural compounds commonly found to 
occur in food have been widely researched to prevent and 
treat various gynecological disorders, including endometrio-
sis (Varma et al., 2004). Numerous studies have suggested 

that resveratrol, a phytoalexin polyphenol present in several 
dietary sources, including soy, grapes, and peanuts, pos-
sesses anti-endometriotic properties, which are mediated by 
the inhibition of inflammation and cell proliferation as well as 
apoptosis induction (Bruner-Tran et al., 2011; Amaya et al., 
2014; Dull et al., 2019). Apigenin, a flavonoid in vegetables 
and fruits, such as onions, oranges, and parsley, reportedly 
induces apoptosis and cell cycle arrest in human endometri-
otic cells (Park et al., 2018). Another flavonoid, puerarin, has 
been shown to inhibit the invasion and vascularization of en-
dometriotic tissue in rat endometriosis models (Chen et al., 
2011; Wang et al., 2011). Notably, luteolin, a common dietary 
flavonoid, induces cell cycle arrest and apoptosis in human 
endocervical cells and a mouse endometriosis model (Park 
et al., 2019). Herein, we investigated the effect of luteolin on 
the growth of human endometriotic cells and the alternative 
activation of macrophages stimulated by endometriotic cells.

The growth of endometriotic cells plays a central role in the 
development of endometriotic lesions (Di Paola et al., 2016). 
Indeed, increased cell growth can be observed in the eutopic 
and ectopic endometrial tissues of patients with endometrio-
sis, while apoptotic events are reduced in endometriotic le-
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sions (Wingfield et al., 1995). These findings suggest that 
one possible strategy to treat endometriosis is to inhibit cell 
growth and induce apoptosis of endometriotic cells. Several 
studies have suggested that luteolin may inhibit cell growth 
by stimulating cell cycle arrest (Park et al., 2014), autopha-
gy (Cao et al., 2017), and apoptosis in various cancer cells 
(Wang et al., 2012). In the present study, we observed that 
luteolin significantly induced apoptotic cell death in human en-
dometriotic cells. The caspase family is known to function as a 
key mediator of apoptotic cell death. The intrinsic or extrinsic 
signaling pathway activates caspase-dependent apoptotic cell 
death. Activated initiator caspases, including caspase-8 and 
caspase-9, can induce the activation of effector caspases, 
such as caspase-3. The activation of caspase-8 is related 
to the extrinsic (death receptor-mediated) pathway, whereas 
caspase-9 is an initiator caspase for the mitochondria-mediat-
ed intrinsic pathway. In the present study, luteolin stimulated 
caspase-8, caspase-9, and caspase-3 activation in endome-
triotic cells. Furthermore, specific inhibitors of caspase-8 and 
caspase-9 (Z-IEVD-FMK and Z-LEHD-FMK, respectively) re-
versed luteolin-induced apoptosis in 12Z cells, indicating that 
luteolin induces caspase-dependent apoptotic cell death in 
human endometriotic cells.

The levels of CCL2 and CCL5, which play vital roles in mac-
rophage recruitment, are known to be significantly increased 
in the peritoneal fluid of women with endometriosis (Arici et 
al., 1997). In patients with endometriosis and animal models, 
macrophages can be alternatively activated in inflammatory 
peritoneal lesions and fluid, respectively (Bacci et al., 2009). 
These macrophages show high expression of M2 markers, 
such as CD163 and CD206. Interestingly, M2 macrophages 
promote the growth of endometriotic lesions (Capobianco 
and Rovere-Querini, 2013). In addition, the M2 polarization 
of macrophages facilitates invasion and fibrogenesis in en-
dometriosis (Duan et al., 2018). Moreover, M2 macrophages 
have been shown to secrete several factors, including VEGF, 
IL-10, and MMPs, which play a role in the development and 
progression of endometriosis (Villalta et al., 2011; Traves et 
al., 2012). IL-10 is highly expressed in activated macrophages 
(Wu and Ho, 2003) and is known to suppress T-cell function 
(e.g., downregulation of the T helper 1 type immune response) 
in the peritoneal fluid of patients with endometriosis (Rana et 
al., 1996). Activated macrophages release several MMPs, in-
cluding MMP-2 and MMP-9, which are type IV collagenases 

that effectively degrade principal components of basement 
membranes. MMP-2 and MMP-9 are thought to be involved 
in the pathogenesis of endometriosis and cancer, especially in 
the context of migration and invasion (Cominelli et al., 2014). 
Several studies have reported increased expression levels 
of MMP-2 and MMP-9 in endometriotic tissues (Wenzl and 
Heinzl, 1998; Chung et al., 2001). Furthermore, M2 macro-
phages express proangiogenic factors, such as VEGF (Li et 
al., 2016) with elevated VEGF levels detected in the peritoneal 
fluid of women with endometriosis (McLaren et al., 1996b). 
McLaren et al. (1996a) have reported that VEGF is synthe-
sized and secreted by activated peritoneal fluid macrophages 
and that macrophage-derived VEGF stimulates angiogenesis 
in women with endometriosis. Collectively, these findings sug-
gest that inhibition of macrophage recruitment and alternative 
activation can be a potential strategy to treat endometriosis. 
In the present study, we demonstrated that luteolin inhibited 
the expression of chemoattractants CCL2 and CCL5 in human 
endometriotic cells. Luteolin also suppressed M2 polariza-
tion and pro-endometriotic factor expression in macrophages 
stimulated by endometriotic cells. Notably, some dietary fla-
vonoids have been suggested to exert anti-cancer effects by 
suppressing macrophage recruitment and M2 macrophage 
activation. For example, isoliquiritigenin markedly suppressed 
colitis-induced tumorigenesis by inhibiting M2 macrophage 
polarization (Zhao et al., 2014). In addition, puerarin inhibits 
tumor growth by inhibiting M2 macrophages in a non-small 
cell lung cancer xenograft murine model (Kang et al., 2017). 
We demonstrated that luteolin inhibits the expression of CCL2 
and CCL5, major determining factors of macrophage recruit-
ment at endometriosis sites, thus resulting in the suppression 
of alternatively activated macrophages. Additionally, luteolin 
suppressed the expression of M2 markers (CD206 and Trem-
2) and endometriosis-promoting cytokines (IL-10 and VEGF) 
and metalloproteinase enzymes (MMP-2 and MMP-9) in 
EAMs. This is the first study to report the inhibitory effect of 
luteolin on M2 macrophages in endometriosis.

Overall, these data indicate that luteolin stimulates apopto-
sis in human endometriotic cells and suppresses the activa-
tion of EAMs, implying that the anti-inflammatory properties of 
luteolin are associated with its inhibitory effect on EAMs and 
endometriotic cells.
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Fig. 6. Effect of luteolin on the expression and production of IL-10, VEGF, MMP-2, and MMP-9 in macrophages stimulated by conditioned 
medium from human endometriotic 12Z cells. THP-1 macrophages were stimulated with conditioned medium from 12Z cells for 24 h. The 
activated macrophages (EAMs) were treated with luteolin (15, 30, and 60 µM) for 24 h. Real-time RT-PCR was performed to measure the 
mRNA levels of IL-10, VEGF, MMP-2, and MMP-9 in macrophages. GAPDH was used as an internal control. #p<0.05 as compared with 
macrophage control, and *p<0.05 as compared with EAMs control.
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