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Abstract: Our previous work has demonstrated that interleukin-22 (IL-22) enhances the invasiveness of endometrial
stromal cells (ESCs) of adenomyosis in an autocrine manner. In the present study, we further investigated whether
ILl-22 mediated crosstalk between vascular endothelial cells (VECs) and ESCs in vitro. Here we found that VECs in
ectopic lesion from women with adenomyosis highly expressed IL-22 receptors IL-22R1 and IL-10R2. Both recom-
binant human IL-22 (rhiI-:22) and IL-22 from ESCs increased IL-22R1 and IL-10R2 expression on human umbilical
vein endothelial cells (HUVECs). Treatment with rhiL-22 led to an elevation of HUVECs viability, but did not influence
HUVECs apoptosis. In contrast, anti-human IL-22 neutralizing antibody (a-1L-22) inhibited HUVECs viability induced
by supernatants of ESCs. Stimulation with rhiL-22 or ESCs up-regulated CD105 expression on HUVECs and promot-
ed angiogenesis, and o-IL-22 could reverse these effect induced by ESC. Compared to non-treated HUVECs, HUVECs
educated by rh-IL-22 or ESCs could further up-regulate Ki-67 and proliferating cell nuclear antigen (PCNA) expres-
sion, and down-regulate Fas ligand (FasL) expression in ESCs. However, these effects induced by ESC-educated
HUVECs were inhibited by o-IL-22. These results suggest that IL-22 derived from ESC promotes IL-22 receptors
expression and enhances the viability, activation and angiogenesis of HUVEC. In turn, the educated HUVEC may
further stimulate proliferation and restricts apoptosis of ESC. The integral effect may contribute to the progress of
adenomyosis. Blocking IL-22 can disturb crosstalk between ESC and VEC mediated by IL-22, suggesting that block-
ing IL-22 may be a potential treatment strategy for adenomyosis.

Keywords: IL-22, adenomyosis, endometrial stromal cells, vascular endothelial cells, angiogenesis

Introduction ery of nutrients and oxygen to cells that are
distant from existing blood vessels [2]. Angio-

Adenomyosis is a common gynecological dis- genesis is an essential component in the physi-

ease with a mysterious pathogenesis. Unlike
endometriosis, adenomyosis is defined by an
abnormal displacement of the eutopic endome-
trium deeply and haphazardly inside the myo-
metrium [1]. However, the pathogenic mecha-
nism responsible for adenomyosis is not well
known as yet. Therefore, appropriate treat-
ments for adenomyosis, especially individual
control strategies are still difficult to achieve.

Angiogenesis is the physiological process
through which new blood vessels form from
pre-existing vessels, is essential for the deliv-

ological processes (wound healing and embry-
onic development etc) as well as pathological
processes (diabetic retinopathy, invasive tumor
growth and metastatic dissemination metasta-
sis etc) [3, 4]. Neovascularization has been con-
sidered to be a major pathological feature of
adenomyosis [5, 6]. Angiogenesis is thought
to be required for the implantation of ectopic
endometrial tissues and their subsequent pro-
liferation [6, 7].

Accumulated evidence supports that the role of
cytokines production from ectopic endometri-
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um in the pathophysiology of adenomyosis,
such as IL-6, IL.-8, CCL2 (also known as mono-
cyte chemoattractant protein-1) and IL-22
[8-11]. IL-22, as a cytokine is described with
opposing pro-inflammatory and anti-inflamma-
tory functions. The functional IL-22 receptor
complex consists of two submits, IL-22R1 and
IL-10R2, which are ubiquitously expressed in
various organs and cell types [12-14]. IL-22
activates a signal transduction cascade that
results in the rapid activation of several tran-
scription factors including Signal Transducers
and Activators of Transcription (STAT) proteins
via binding the receptor complex [14, 15].

Our previous works had established that IL-22
secreted by ESCs promotes the growth and
invasiveness in an autocrine manner [11, 16].
In addition, we found that IL-22 stimulates the
production of IL-6, IL.-8 and VEGF from ESCs
[11, 16]. These cytokines play an important
role in angiogenesis, and contribute to the
development of adenomyosis [5]. However,
whether IL-22 produced by ESCs regulates the
biological behaviors of VECs and promotes the
dialogue between ESCs and VECs remain
unclear.

Therefore, the present study is undertaken to
investigate whether VECs in ectopic lesion from
women with adenomyosis express IL-22 recep-
tors, and further analyze the role of ESCs-
derived IL-22 in viability, apoptosis and angio-
genesis of HUVECs, and the effect of IL-22-
educated HUVECs on ESCs in vitro.

Materials and methods
Tissue collection

All tissue samples were collected with informed
consent in accordance with the requirements
of the Research Ethics Committee in Hospital
of Obstetrics and Gynecology, Fudan University.
The eutopic endometrium tissues (n=20, for
isolation and culture of ESCs) and ectopic
lesions from women (n=10, for immunohisto-
chemistry) with adenomyosis were obtained
undergoing hysterectomy. All the samples were
confirmed histologically according to estab-
lished criteria [17].

Immunohistochemistry (IHC)

Immunohistological staining was performed
as previously described [11, 18]. The IL-22,
IL-22R1 and IL-10R2 protein levels in the ecto-
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pic lesions (n=10) from women with adenomyo-
sis were dehydrated in graded ethanol and
incubated with hydrogen peroxide in 1% bovine
serum albumin in Tris-buffered saline (TBS) to
block endogenous peroxidase. The samples
were then incubated with mouse anti-human
IL-22R1 antibody (25 ug/ml) (R&D Systems,
USA), mouse anti-human IL-10R2 antibody (25
ug/ml) (R&D Systems) or mouse IgG isotype
antibody overnight at 4°C in a humid chamber.
After washing three times with TBS, the sec-
tions were overlaid with peroxidase-conjugated
anti-mouse I1gG antibody (Golden Bridge Inter-
national, Inc., Beijing, China), and the react-
ion was developed with 3,3-diaminobenzidine
(DAB), and counterstained with hematoxylin.
The experiments were repeated three times.

Cell isolation and culture

The ESCs were isolated according to the previ-
ous methods [19]. The eutopic endometrial tis-
sues (n=20) from women with adenomyosis
were collected under sterile conditions and
transported to the laboratory on ice in DMEM
(Dulbecco’'s modified Eagle’s medium)/F-12
(Gibco, USA) with 10% fetal calf serum (FCS;
Hyclone, Logan, UT, USA). Flow cytometry show-
ed >95% vimentin-positive ESCs.

HUVECs were maintained as monolayers in
Kaighn Modification of DMEM/F-12 medium
supplemented with 10% FCS and 10 ng/ml
human EGF (R&D Systems). These cells were
incubated at 37°C in a humidified atmosphere
containing 5% CO,.

Treatment with rhil-22 protein and o-IL-22

HUVECs were treated with recombinant hu-
man IL-22 (rhlL-22) (1, 10, 100 ng/ml) (R&D
Systems) or the supernatants from ESCs
treated with anti-human IL-22 neutralizing
antibody (a-1L-22) (0.05, 0.5 or 5 ug/ml) for 48
h, with vehicle as control. Then the cell-count-
ing kit-8 (CCK-8) assay, apoptosis assay and
flow cytometry (FCM) assay (The concentration
of rhiLl-22 was 100 ng/ml for the latter two
assays) were performed to detect the effect of
rhiL-22 on the proliferation, apoptosis, and the
expression IL-22R1 and IL-10R2 in HUVECs,
respectively.

Co-culture of HUVECs with ESCs

HUVECs (2x10° cells/well) were plated in the
lower chamber and then ESCs were plated in
the upper chamber using transwell system (0.4
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Figure 1. VECs in ectopic lesion from women with adenomyosis highly express IL-22R1 and IL-10R2. Immunohis-
tochemistry analysis for IL-22R1 and IL-10R2 expression in ectopic lesion from women with adenomyosis (n=10).

Original magnification: x400. Red arrows: VEC (vascular endothelial cells).

mm pore size, 6.5 mm diameter, Corning, USA),
and formed a untouched co-culture unit. In
co-culture system, these cells were incubated
with or without o-IL-22 (5 ug/ml). After 48 h,
HUVECs in the lower chamber were collected,
and the expression of CD105, CD62E, VE-
cadherin, CXCR1 and CXCR2 was analyzed by
flow cytometry.

The cell-counting kit-8 (CCK-8) assay and
apoptosis assay

HUVECs were seeded in 96-well plates (5x10°
cells/well) and treated as described above.
Then these cells were collected and detect-
ed the viability and apoptosis by the CCK-8
(Dojindo, Japan). According to the manufactur-
er’'s protocol, the CCK8 reagent was added to
each well and cells were incubated at 37°C for
1-4 h. The absorbance (optical density) at 450
nm was measured and used to represent the
viability of cells. Each experiment was per-
formed in six parallel wells, and repeated three
times.

For apoptosis assay, HUVECs were seeded in
24-well plates (2x10° cells/well) and treated
as described above. Then the apoptosis level
HUVECs was analyzed by annexin V-FITC apop-
tosis assay (Invitrogen, USA) according to the
manufacturer’s protocol.

FC™m

HUVECs were digested with 0.25% trypsin only
for 30-50 s, and blown off gently and washed
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with phosphate-buffered saline (PBS). After
blocking with 10% FBS, the recovered cells
were mixed with anti-human IL-10R2 (R&D
Systems), CXCR1 (R&D Systems), CXCR2 (R&D
Systems), CD105 (Biolegend, San Diego, CA,
USA), CD62E (Biolegend) or VE-cadherin (Bio-
legend) antibody in darkness for 30 min at
room temperature. As a negative control, an
isotope control was used. After incubation, the
cells were washed and analyzed immediately
by FCM analysis was performed on a Beckman-
Coulter CyAN ADP Analyzer (Beckman Coulter,
Inc. Kraemer Boulevard Brea, CA, USA). Data
were analyzed with FlowJo Version 6.1 software
(TreeStar, Ashland, OR, USA). The statistical
analysis was conducted using isotype-matched
controls as references. The experiments were
repeated three times.

After stimulation with or without rhIL-22, or co-
culture with ESCs (plus a-IL-22 or not) for 48 h,
HUVECs were collected and further co-cultured
with fresh ESCs for another 48 h. Subsequently,
the expression of Ki-67, PCNA, Fas and FasL
(all antibodies were from Biolegend) in ESCs
was analyzed by FCM.

Tube formation assay (Matrigel assay)

The tube formation was performed as previ-
ously described [20]. HUVECs were seeded
on growth factor-reduced Matrigel in normal
growth medium with VEGF (10 ng/ml, as a posi-
tive control), rhil-22, and the supernatants
from ESCs (these ESCs were treated with or
without a-IL-22 for 48 h). Capillary-like tube for-
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Figure 2. IL-22 secreted by ESCs up-regulates IL-22R1 and IL-10R2 expression on VECs. We treated HUVECs with rhiL-22 (100 ng/ml), or the supernatants from
ESCs (n=6) pre-treated with or without o-IL-22 (5 ug/ml). After 48 h, the expression of IL-22R1 (A, B) and IL-10R2 (A, C) on HUVECs was analyzed by FCM. rhiL-22:
recombinant human IL-22 protein; a-1L-22: anti-human IL-22 neutralizing antibody; sESCs: the supernatants from ESCs; SESCs+a-IL-22: the supernatants from ESCs,
which were pre-treated with a-IL-22. The data are expressed as the mean + SEM. *P<0.05 and ***P<0.001 (one-way ANOVA). NS: no statistically difference.
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mation was quantified by counting numbers of
junctions/enclosed circles in 5 randomly cho-
sen optical fields with light microscopy after 16
hours.

Statistics

All values are shown as the mean + SEM. The
data were analyzed with GraphPad Prism ver-
sion 5 by t-test or one-way ANOVA. Differences
were considered statistically significant at P<
0.05.

Results

VECs in ectopic lesion from women with ad-
enomyosis highly express IL-22R1 and IL-10R2

Our previous work showed that ESCs form
women with adenomyosis secreted IL-22. To
further the regulation of IL-22 produced by
ESCs on VECs, IHC was performed to analyze
the expression of IL-22 receptors (IL-22R1 and
IL-10R2) in VECs of ectopic lesion. The results
in Figure 1 showed that VECs from women with
adenomyosis (n=10) were strong positive stain
of IL-22R1 and IL-10R2, which echoed our previ-
ous work [11]. These data suggested that IL-22
derived from ESCs may regulate the biological
behaviors of VECs in ectopic lesion of adeno-
Myosis in a paracrine manner.

IL-22 secreted by ESCs up-regulates IL-22R1
and IL-10R2 expression on VECs

It has previously been reported rhlL-22 protein
can directly increase the expression of IL-22R1
and IL-10R2 on ESCs [11]. For adenomyosis,
the endometrial implants that grow into the
wall of the uterus bleed during menstruation
(the same as endometrial tissue bleeds), so
there has a close contact between ESC and
VEC in the local ectopic foci. In order to evalu-
ate the role of I1L-22 from ESC on regulation of
its receptors on VEC, we treated HUVECs with
rhiL-22, or co-cultured with ESCs plus o-1L-22 or
not. As shown in Figure 2, rhiL-22 significantly
up-regulated IL-22R1 and IL-10R2 expression
on HUVECs (P<0.001) (Figure 2A-C). Further
analysis showed that co-culture with ESCs led
to an increase of IL-22R1 not IL-10R2 level in
HUVECs (P<0.001 or P>0.05) (Figure 2A-C).
However, compared to co-culture group, combi-
nation of co-culture and a-I1L-22 resulted in the
decrease of both IL-22R1 and IL-10R2 (P<0.05)

1787

(Figure 2A-C), suggesting that ESCs-secreted
IL-22 could up-regulate IL-22R1 and IL-10R2 on
VECs.

ESC-derived IL-22 stimulates the viability of
VECs

To investigate the potential effect of IL-22 on
VEC in vitro, HUVECs were incubated with rhiL-
22 (1, 10 or 100 ng/ml) or the supernatant
from ESCs plus a-IL-22 (0.05, 0.5 or 5 ug/ml)
for 48 h. The results showed that treatment
with rhlL-22 led to a significant increase of
HUVECSs viability in a dosage-dependent man-
ner (P<0.05 or P<0.01) (Figure 3A). In contrast,
blocking IL-22 with o-IL-22 inhibited HUVECs
viability when incubation with the supernatants
from ESCs (P<0.05 or P<0.01) (Figure 3A). The
optimum concentration of rhil-22 and a-IL-22
was 100 ng/ml and 5 ug/ml, respectively. How-
ever, rhlL-22 had no effect on HUVECs apopto-
sis (P>0.05) (Figure 3C and 3D). Although there
was a decrease of HUVECs apoptosis after co-
culture with ESCs (P<0.05) (Figure 3C and 3D),
blocking IL-22 did not influence this effect
induced by ESCs (P>0.05) (Figure 3C and 3D).
Collectively, these results indicated that ESCs-
derived IL-22 could promote the viability not
apoptosis of HUVECs. ESCs inhibited HUVECs
apoptosis, but this effect was not dependent
on IL-22.

The up-regulation of CD105 and VE-cadherin
on HUVECs is dependent and independent on
IL-22

We next detected the effect of IL-22 on CD105,
CD62E and VE-cadherin expression on HUVECs,
and found that both rhIL-22 and co-culture with
ESCs could enhance CD105 expression on
HUVECs (P<0.05 or P<0.001) (Figure 4A and
4B). Similarly, the up-regulation of CD105 on
HUVECSs could be reversed by o-IL-22. It implied
that ESCs increased CD105 expression on
HUVECs by secreting IL-22. FCM results show-
ed that CD62E expression on HUVECs did not
change after IL-22 stimulation or co-culturing
with ESCs (P>0.05) (Figure 4A and 4C). Of
note, culture with ESC promoted VE-cadherin
expression (P<0.01) (Figure 4A and 4D). But
neither rhl-22 nor blocking IL.-22 modulated
VE-cadherin expression on HUVECs (P>0.05)
(Figure 4A and 4D), suggesting that both
endogenous and exogenous IL-22 were not
involved in VE-cadherin regulation of HUVECs.

Am J Transl Res 2015;7(10):1782-1797
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Figure 3. ESC-derived IL-22 stimulates the viability of VECs. HUVECs were treated with rhiL-22 (1, 10 or 100 ng/ml for CCK8 assay; 100 ng/ml for apoptosis assay),
or the supernatants from ESCs (n=6) pre-treated with or without a-IL-:22 (0.05, 0.5 or 5 ug/ml for CCK8 assay; 5 ug/ml for apoptosis assay). After 48 h, the viability
(A, B) and apoptosis (C, D) of HUVECs were detected by CCK8 assay and apoptosis assay. The data are expressed as the mean + SEM. *P<0.05 and **P<0.01
(one-way ANOVA). NS: no statistically difference.
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IL-22 secreted by ESCs promotes angiogenesis
of VECs

Taking into account the important role of
CD105 and VE-cadherin in the regulation of
proliferation, activation and angiogenesis in
VEC [21, 22], we speculated that ESCs and
IL-22 might promote angiogenesis. So we used
tube formation assay to evaluate the role of
rhil-22, the supernatants from ESCs or the
supernatants from ESC treated with a-IL-22 on
angiogenesis regulation of HUVECs. As shown
in Figure 5, rhVEGF protein obviously stimulat-
ed angiogenesis of HUVECs as a positive con-
trol (P<0.001) (Figures BA and 4B). RhIL-22
stimulation or the supernatants from ESCs
promotes angiogenesis of HUVECs (P<0.01 or
P<0.001) (Figure 5A and 5B). In addition, the
supernatants from ESCs treated with o-1L-22
led to a decrease of tube formation of HUVECs
compared to the supernatants from ESCs
(P<0.001) (Figure 5A and 5B). These findings
suggested that ESCs promoted angiogenesis of
HUVECs by producing IL-22 in vitro, this effect
may be associated with the regulation of CD105
mediated by IL-22.

It had been reported that IL-22 could stimulat-
ed the secretion of IL-6, IL-8 and VEGF, espe-
cially IL-8 [11]. Thus, we then analyzed the role
of IL-22 in IL-8 receptors regulation on HUVECs.
As shown, both endogenous and exogenous
IL-22 up-regulated CXCR1 (P<0.001) (Figure
5C and 5D) not CXCR2 (P>0.05) (Figure 5C
and 5E) expression on HUVECs. Taken together,
these data suggested that the stimulatory
effect on angiogenesis of VECs induced by
IL-22 from ESCs might be associated with
CD105, IL-6, VEGF, and interaction of IL-8/
CXCR1.

VECs educated by IL.-22 from ESCs enhanced
ESC proliferation

In order to know the role of cross-talk between
ESCs and VECs in ESCs biological behaviors,
we collected HUVECs after treatment with rhiL-
22 protein, co-culture with ESCs or plus o-IL-
22 or not, then further co-cultured with fresh
vimentin* ESCs (Figure 6A). As shown, com-
pared to ESC alone, co-culture with HUVECs
significantly increased proliferation-related mo-
lecules Ki-67 and PCNA expression in ESCs
(P<0.01, P<0.001) (Figure 6B and 6C). RhIL-22-
treated or ESC-co-cultured HUVECs could fur-

1790

ther elevated Ki-67 and PCNA expression in
ESCs (P<0.01 or P<0.001) (Figure 6B and 6C),
and this effect induced by ESC-co-cultured
HUVECs could be inhibited by blocking IL-22
(P<0.01 or P<0.001) (Figure 6B and 6C). There-
fore, HUVECs educated by IL-22 from ESCs
enhanced the proliferation of ESCs.

Subsequently, we found that co-culture with
HUVECSs also led to a decrease of FasL expres-
sion on ESCs (P<0.001) (Figure 6D and 6E),
and rhIL-22 or co-culture with ESC could amply
this effect (P<0.01 or P<0.001) (Figure 6D
and 6E). On the contrary, Blocking IL-22 com-
pletely reversed the effect induced by HUVECs
co-culture with ESCs (P<0.001) (Figure 6D
and 6E). Of note, both co-culture with HUVECs
and ESC-co-cultured HUVECs gave rise to the
up-regulation of Fas, but IL-22 had no similar
effect (P>0.05) (Figure 6D and 6E). Therefore,
these findings provided evidence that IL-22
could strengthen dialogue between ESCs and
HUVECs, and further amply the stimulatory
effect on ESCs growth by HUVECs.

Discussion

The major characteristics of adenomyotic cells
include reactivity to steroid hormones, incre-
ased angiogenesis and increased migration
and invasion [23, 24]. The vascularity density
of the myometrium by Doppler sonography in
women with adenomyosis was significantly
higher than that of control group from women
without adenomyosis, especially in the ectopic
lesions and surrounding sites (data not shown).
This observation indicated that there should
be a close relationship between VECs and ESCs
in ectopic lesions. However, the molecular of
crosstalk between VECs and ESCs, and its roles
in regulation of angiogenesis, biological behav-
ior of ESCs and progress of adenomyosis were
not understood.

IL-22 was first identified as an IL-10-related T
cell-derived inducible factor (IL-TIF) from a lym-
phoma cell line and mainly secreted by active
T helper cells and NK cells [25]. We had report-
ed that ESCs from women with adenomyosis
expressed IL-22. Here, the results of IHC show-
ed that VECs in ectopic lesion of adenomyosis
highly expressed the receptors of IL-22, IL-22R1
and IL-10R2, which partly echoed previous
reports [26]. Further analysis found that rhiL-22
and IL-22 secreted by ESCs would up-regulate

Am J Transl Res 2015;7(10):1782-1797
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Figure 6. VECs educated by IL-22 from ESCs enhanced ESC proliferation. After stimulation with rhIL-22 or co-culture with ESCs plus a-IL-22 or not for 48 h, HUVECs
were collected and further co-cultured with fresh ESCs (n=6) for another 48 h. Then, the expression of Ki-67, PCNA (B, C), FasL and Fas (D, E) in these vimentin*
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IL-22R1 and IL-10R2 expression. Other un-
known molecules might be also involved in the
regulation of IL-22R1 mediated by ESCs. Thus,
it can be concluded that high level of IL-22 from
ESCs leads to an increase of IL-22 receptors of
VECs in a positive feedback dependent man-
ner. This effect will further strengthen the inter-
action between VECs and ESCs.

IL-22 has an important role in host defense at
mucosal surfaces as well as in tissue repair
[27]. As we know, adenomyosis is also caused
by trauma, known as tissue injury and repair
[28]. The response to any implants is wound
healing comprised of inflammation and tissue
remodeling. The wound healing process in-
volves extensive tissue remodeling through
production of extracellular matrix (ECM) com-
ponents, remodeling enzymes, cellular adhe-
sion molecules, growth factors and cytokines
genes. In this process, angiogenesis is a critical
event in tissue remodeling. Therefore, we next
investigated the role of IL-22 on the biological
function of VECs, and found that both rhlL-22
protein and IL-22 from ESCs promoted the via-
bility but not regulated the apoptosis in HUVECs.
Of note, the supernatants from ESCs restricted
the apoptosis in HUVECs, the exact molecular
mechanism need to further research.

Endoglin is a type | membrane glycoprotein
located on cell surfaces and is part of the trans-
forming growth factor-f1 (TGF-B1) receptor
complex [29]. Up-regulation of CD105 expres-
sion is found in tumor vasculature and prolifer-
ating cells, suggesting that CD105 is a bio-
marker for endothelial proliferation or angio-
genesis [30-33]. In current study, ESCs up-
regulated CD105 expression on HUVECs in co-
culture unit by secreting IL-22, suggesting IL-
22 derived from ESC may be involved in
the proliferation or angiogenesis of HUVECs.
Angiogenesis-relative molecule CD62E is also
known as E-selectin. It is found to mediate the
adhesion of tumor cells to endothelial cells, by
binding to CD62E ligands, and play a role in
cancer metastasis [34]. However, we observed
that both ESCs and IL-22 did not influence
CD62E expression. VE-cadherin, also known
as CD144, is a calcium-dependent transmem-
brane cell-cell adhesion molecule localized
at the intercellular boundaries of endothelial
cells and hematopoietic stem cells. It mediates
calcium-dependent homophilic cell adhesion,
plays fundamental roles in microvascular per-
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meability and in the morphogenic and prolifera-
tive events associated with angiogenesis [35].
Interestingly, indirectly co-culture with ESCs led
to the increase of VE-cadherin on HUVECSs, but
this effect was not dependent on IL-22.

Our previous work had showed that IL-22 stimu-
lated the production of IL-6, IL.-8 and VEGF [11].
In the current study, the results by tube forma-
tion assay showed that rhVEGF protein was
a positive control. It significantly stimulated
angiogenesis. Either rhIl-22 or the superna-
tants from ESCs promoted angiogenesis of
HUVECSs, and blocking IL-22 could abolish this
effect, suggesting that ESCs promoted angjo-
genesis of HUVECs through producing IL-22. In
addition, we found that IL-22 elevated CXCR1
not CXCR2 expression on HUVECs. These data
above suggest that IL-22 from ESCs promotes
angiogenesis possibly by secreting IL-6 and
VEGF of ESCs, up-regulation CD105 expression
of VECs and strengthening interaction of IL-8/
CXCR1 on VECs.

In order to analyze the increase of angiogene-
sis on the biological behaviors on ESCs, we col-
lected HUVECs educated by IL-22 or ESCs, and
further used these cells to stimulate fresh
ESCs, and found that co-culture with HUVECs
resulted in the up-regulation of Ki-67 and
PCNA, and the down-regulation of FasL in ESCs.
Moreover, rhll-22 stimulation or pre-culture
with ESCs could enlarge this effect mediated
by HUVECs. But blocking IL-22 could significant-
ly inhibit this effect. Taken together, it can
be concluded that IL-22-educated HUVECs
enhanced the proliferation and probably re-
pressed apoptosis in ESCs by regulating the
proliferation and apoptosis-related molecules.
Of note, HUVECs also increased Fas expression
on ESCs, suggesting that there also had a
restricting effect on ESCs growth along with
the stimulatory effect. This complex interaction
mechanism of ESCs and VECs still need to
research.

Collectively, as shown in Figure 7, accompanied
by implantation of endometrium into myometri-
um, IL-22 was produced by ESC. IL-22, on the
one hand, strengthens the dialogue between
ESC and VEC by up-regulating IL-22 receptors
expression on VEC; on the other hand, pro-
motes the activation and angiogenesis of VEC
possibly by up-regulation CD105 and CXCR1
expression on VECs, and simulating IL-6, IL-8
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Figure 7. The role of IL-22 in the crosstalk between ESC and VEC, and the progression of adenomyosis. Accompa-
nied by implantation of endometrium into myometrium, I1L.-22 was produced by ESC. IL-22 not only strengthens the
dialogue between ESC and VEC by up-regulating IL-22 receptors expression on VEC, but also promotes the activation
and angiogenesis of VEC possibly by up-regulation CD105 and CXCR1 expression on VECs, and simulating IL-6, IL.-8
and VEGF secretion. In addition, the unknown molecules of ESCs may also be involved in the regulation angiogen-
esis by increasing VE-cadherin expression on VEC. In turns, VEC enhances proliferation and probably inhibits apop-
tosis of ESC by regulating Ki-67, PCNA and FasL expression. These integral effects will further promote angiogenesis
and ESC growth, and accelerate the progress of adenomyosis by this vicious circle. Blocking IL-22 will suppress
angiogenesis and ESC growth by inhibiting dialogue between ESC and VEC. These findings indicate blocking IL-22
may be a potential treatment strategy for adenomyosis.

and VEGF secretion. In addition, the unknown
molecules of ESCs may also be involved in
the regulation angiogenesis by increasing VE-
cadherin expression on VEC. In turns, VEC
enhances proliferation and probably inhibited
apoptosis of ESC by regulating Ki-67, PCNA and
FasL expression. These integral effects will fur-
ther promote angiogenesis and ESC growth,
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and accelerate the progress of adenomyosis by
this vicious circle (Figure 7).

Hysterectomy is the major strategy for adeno-
myosis. But fertility and uterus preservation is
compromised. Moreover, the effect of removing
adenomyotic lesions is temporary, and most
women quickly develop adenomyosis. As tradi-
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tional pharmacological therapies for adenomy-
osis, the GnRH agonists and low-dose oral
contraceptives are applied primarily for the
suppression of endogenous estrogen produc-
tion. But the results are also unsatisfying [36].
Therefore, there is an urgent need to look for
novel treatment strategies for adenomyosis.
Our data bring new insight into the role of block-
ing IL-22 in the angiogenesis and ESC growth by
strengthening dialogue between ESC and VEC.
These findings indicate blocking IL-22 may be a
potential treatment strategy for adenomyosis.
Further research is warranted to verify it relying
on an animal model of adenomyosis in vivo.
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