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Background: Elevated fibrosis has been found in patients with intrauterine adhesion, which indicates that fibrotic factors
may play a critical role in formation of intrauterine adhesion. The aim of this study was to identify the effect
of hyaluronic acid (HA) at high and low molecular weight on fibrosis of the endometrium in a mouse model of
Asherman’s syndrome.

Material/Methods: Endometrial fibrosis in a mouse model of Asherman’s syndrome was confirmed. Then HA at high and low mo-
lecular weight was injected into the uterine cavity. Endometrial fibrosis was compared among the control group,
LMW-HA, and HMW-HA group. The extent of endometrial fibrosis was calculated using Masson stain. The fi-
brosis markers (TGFB1, CTGF, collagen I, and collagen Ill) in endometrial tissue were detected using immuno-
histochemistry and Western blotting.

Results: The ratio of the area with endometrial fibrosis to total endometrial area in the HMW-HA group was signifi-
cantly decreased compared to the control group (P<0.05). The expression of fibrosis markers (TGF31, CTGF, col-
lagen |, and collagen IIl) in the endometrium was attenuated in the HMW-HA group compared to the control
group, but the LMW-HA group had no similar effect.

Conclusions: Hyaluronic acid at high molecular weight may attenuate the degree of endometrial fibrosis after endometrial
damage, which may contribute to preventing formation of intrauterine adhesions.

MeSH Keywords: Fibrosis ¢ Gynatresia ¢ Hyaluronic Acid

Full-text PDF: http://www.medscimonit.com/abstract/index/idArt/896028

%2062 EE— M‘ZI4 %21

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS] [Index Copernicus]




Zhu Y. et al.:
High molecular weight hyaluronic acid inhibits fibrosis of endometrium
© Med Sci Monit, 2016; 22: 3438-3445

Background

Asherman’s syndrome (AS) [1], also known as intrauterine
adhesion (IUA), is defined as a wide range of partial to com-
plete adhesions within the uterine cavity due to scars usually
occurring after curettage and various forms of hysteroscop-
ic surgery, including resection of septa, and hysteroscopic re-
section of solitary and multiple fibroids. Trauma to the basal
layer of the endometrium is widely accepted to be the main
cause of IUA [2]. The human endometrium is capable of ex-
tensive self-renewal during the menstrual cycle. Endometrial
stem cells (ESC) are believed to be involved in endometrial
regeneration [3]. Bone marrow-derived mesenchymal stem
cells (MSC) are reported to be the possible original source of
ESC [4]. MSC can also differentiate into other cellular lineag-
es, such as adipogenic and myogenic lineages, in response to
different environments [5], which suggests that the differen-
tiation niche of MSC is the critical factor for determining dif-
ferentiation direction. Our previous research showed that the
increased level of fibrosis and expression of fibrosis markers
in IUA altered the endometrial stem cell differentiation niche
in human endometrium [6], indicating that aberrant activa-
tion of fibrosis might be involved in the pathology of IUA and
interfere in MSC differentiation.

Several researchers have reported use of hyaluronic acid (HA)
to prevent adhesion of the uterine cavity after hysteroscopic
surgery in humans [7-9] and peritoneal adhesion in some an-
imal models as a mechanical barrier gel [10,11]. However, the
mechanism by which HA prevents uterine adhesion is unde-
fined; it is only known that it functions as a mechanical barrier.
HA is a component of the extracellular matrix and was report-
ed to have a reverse function in anti-inflammation at differ-
ent molecular weights [12,13]. In this study, we examined the
effect of HA at high and low molecular weight on the fibrot-
ic degree and the expression of fibrosis markers in the endo-
metrium in a mouse model of IUA.

Material and Methods

Animals maintenance and treatment

This study was approved by the Chongging Medical University
Subcommittee on Research Animal Care. Kunming mice were
purchased from the Animal Center of Chongging Medical
University. Six-month-old virgin female Kunming mice were
maintained in an appropriate room with controlled tempera-
ture and a 12-h light cycle, and were fed standard mouse chow
and water. We randomly divided 120 uterine horns from 60
female mice into 2 groups: the sham operation group and the
endometrial damage group. Kunming mice were used in the
experimental induction of postoperative uterine horn adhesion,
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as defined by Khrouf [14] and Hu [6], with slight modification.
The mice were cycle-synchronized according to their vaginal
smear analysis. Ten minutes before the creation of the model|,
the mice in the damaged group inhaled diethyl for anesthesia.
The abdomen was shaved and prepared with iodophors solu-
tion. The uterine horns were exposed by an abdominal mid-
line incision of 1 cm longitudinally and a piece of gauze was
used to prevent abdominal evisceration. Then, the endome-
trial lining of the middle and upper two-thirds of the uterus
was scraped using a 27-gauge needle. The curette was rotat-
ed and withdrawn 4 times. The uterine horn was injected with
a 6-mg/L solution of lipopolysaccharide (LPS, Sigma) after cu-
rettage. In the sham operation group, the mice only under-
went abdominal surgical incision without uterine curettage.
Ten mice (n=20 uterine horns) were killed in each group at 1,
2, and 4 estrous cycles after surgery. One horn of each mouse
was used for protein detection by immunohistochemistry. The
other horn was stored at —80°C. Another 30 mice were ran-
domly divided into 3 groups: control, LMW, and HMW groups.
Uterine horns were curetted and injected with LPS, followed
by uterine perfusion with 0.5 ml of high molecular weight hy-
aluronic acid (HMW-HA) (1.2x10° KD, Hangzhou Singclean
Medical Product Co., Ltd.), low molecular weight hyaluronic
acid (LMW-HA) (0.3~0.5x10° KD, Sigma-Aldrich, USA), or nor-
mal saline as control.

Histologic examination

The uterine tissues were fixed in paraffin and routinely stained
with Masson stains. On each Masson-stained slice, 4 high-
power fields were selected, and the extent of endometrial fi-
brosis was calculated as the ratio between the fibrotic area
and total endometrial area with NIS Element AR 4.0. The av-
erage of 4 fields was calculated. The procedure in detail was
as follows. A threshold of fibrotic extent was identified before
measurement by picking values of 3 points located in fibrotic
areas and was applied to every sample uniformly. The region
of fibrosis in each high-power field with intensity of greater
than or equal to the threshold was marked. The total area of
the marked region was calculated automatically. Total endo-
metrial area per high-power field was measured by drawing
the edge of the endometrium.

Immunohistochemistry

Immunohistochemistry was performed according to the SP kit
instructions (Beijing Zhongshan Golden Bridge Biotechnology
Co. Ltd., Beijing, China). After dewaxing and hydration, the sec-
tions were heated in citrate buffer (AR0024, Boster, Wuhan,
China) in a microwave oven for 20 min for antigen retriev-
al. The sections were then cooled naturally to room tempera-
ture. The sections were washed in PBS for 5 min x3 cycles. The
sections were then incubated in 3% H,0, for 15 min at room
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temperature and washed with PBS for 5 min x3 cycles. The
sections were blocked in 5% goat serum for 30 min at 37°C.
Anti-transforming growth factor beta 1 (TGF p1) rabbit poly-
clonal antibody (1:100, bs-0086R, Biosynthesis Biotechnology
Co., LTD. Beijing, China), anti-connective tissue growth fac-
tor (CTGF) rabbit polyclonal antibody (1:400, ab6992, Abcam
Company), and anti-collagen | and Ill rabbit polyclonal antibody
(1:100, bs-10423R, bs-0549R, Biosynthesis Biotechnology Co.,
Ltd. Beijing, China) were incubated with the sections overnight
at 4°C. Negative controls included omission of primary antibody
and use of irrelevant primary antibodies. The corresponding
secondary antibodies, which were conjugated to horseradish
peroxidase (Zhongshan Golden Bridge Biotechnology Co. Ltd.
Beijing, China), were incubated with the sections for 15 min
at room temperature. The sections were washed in PBS for 5
min x3 cycles. The sections were incubated in horseradish en-
zyme-labeled chain avidin solution (Zhongshan Golden Bridge
Biotechnology Co. Ltd. Beijing, China) for 15 min at room tem-
perature and washed in PBS for 5 min x3 cycles. The proteins
were visualized by diaminobenzidine (DAB).

Western blot

Tissues were lysed with a RIPA buffer containing protease in-
hibitors. Aliquots of the lysates containing 25 pg of total pro-
tein were run on a SDS-polyacrylamide gel. The proteins were
transferred to a PVDF membrane. The membrane was incubat-
ed overnight at 4°C in TBST containing 5% non-fat milk pow-
der. Anti-collagen I and IlI rabbit polyclonal antibody (1:500),
anti-TGF beta 1 rabbit polyclonal antibody (1:500), anti-CTGF
rabbit polyclonal antibody (1:5000), and anti-GAPDH (AB10016,
1:1000, Sangon Biotech, China) were incubated with the mem-
brane overnight at 4°C. Secondary antibodies that were con-
jugated to horseradish peroxidase were incubated with the
membrane for 1 h at room temperature. The proteins that
were revealed by Western blotting were visualized by chemi-
luminescence (Beyotime Institute of Biotechnology). The den-
sities of bands were analyzed by a gel imaging system and cal-
culated compared to the internal control.

Statistical analyses

Data obtained from this study are expressed as the mean +SEM
and analyzed using the t test between 2 groups. Comparisons
among multiple groups were made using one-way ANOVA fol-
lowed by t test using SPSS software 19.0. Statistical signifi-
cance was defined as P<0.05.
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Results

The degree of endometrial fibrosis in mice

The ratios of the area with endometrial fibrosis to total endo-
metrial area were calculated at 1, 2, and 4 estrous cycles af-
ter surgery. The extent of endometrial fibrosis in the damaged
group was significantly higher than that in the sham operation
group at 1, 2, and 4 estrous cycles after surgery, and the ex-
tent of endometrial fibrosis had the highest ratio at the first
estrous cycle in the damaged group (Figure 1).

Expression of TGF1, CTGF, collagen I, and collagen Il in
endometrium of mice between the sham operation group
and damaged group

We examined expression of TGFB1, CTGF, collagen I, and col-
lagen Ill in endometrium of mice in the sham operation group
and the damaged group by immunohistochemistry and Western
blot. TGFB1, CTGF, collagen I, and collagen IIl were expressed
in the cytoplasm of epithelial and stromal cells. The expres-
sions of these proteins in the damaged group were significant-
ly higher than in the sham operation group at 1 estrous cycle
after surgery (Figure 2).

The degree of endometrial fibrosis in mice treated with HA

The ratios of the area with endometrial fibrosis to total endo-
metrial area were calculated between the control group and
the HA group with 2 different molecular weights. The extent
of endometrial fibrosis was significantly reduced in the HMW-
HA group compared to the control group. There was no signif-
icant difference in extent of endometrial fibrosis between the
LMW-HA group and the control group (Figure 3).

Expression of TGF1, CTGF, collagen I, and collagen Il in
endometrium of mice treated with HA (HMW or LMW)

We examined expressions of TGFR1, CTGF, collagen I, and col-
lagen Ill in endometrium of uterus of mice by immunohisto-
chemistry and Western blot, as shown in Figure 4. The ex-
pressions of TGFB1, CTGF, collagen I, and collagen Ill detected
by immunohistochemistry decreased in the HMW-HA group
(Figure 4C, 4F, 41, 4L, respectively) compared to the control
group (Figure 4A, 4D, 4G, 4J, respectively). The LMW-HA group
(Figure 4B, 4E, 4H, 4K, respectively) had no similar effect. The
expression levels of TGFB1, CTGF, collagen I, and collagen llI
detected by Western blot were significantly decreased in the
HMW-HA group compared to the control group. Expression
levels of TGFB1, collagen I, and collagen Il were not signifi-
cantly different between the LMW-HA group and the control
group (Figure 4M, 4N).
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Figure 1. (A, C, E) Masson stains for mouse endometrial tissues (400x) in sham operation at 1, 2, and 4 estrous cycles after the
operation. (B, D, F) Masson stains for mouse endometrial tissues in the damaged group at 1, 2, and 4 estrous cycles after the
operation. (G) The rate of fibrosis area. *** P<0.001 (versus sham operation); error bars, SEM.
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Figure 2. The expressions of fibrosis markers in the mouse endometrial tissues were detected by immunohistochemistry (400x)
(A, C, E, G) TGFB1, CTGF, collagen I, collagen Il expressed in endometrial tissue of the sham operation group respectively.
(B, D, F, H) TGFB1, CTGF, collagen I, collagen Ill expressed in the damaged group respectively. (I). The protein expression levels
of TGFB1, CTGF, collagen |, and collagen Il detected by Western blotting. (J) Ratios of TGFB1, CTGF, collagen I, and collagen I1l/
GAPDH in the sham operation group and damaged group. * P<0.05, **P<0.01 (versus sham operation); error bars, SEM.

Discussion

Trauma to a gravid uterine cavity is known to be the main
cause of [UA. Such trauma could be induced by uterine curet-
tage in the postpartum period after spontaneous miscarriage
or during termination of pregnancy. Trauma to a non-gravid
uterine cavity could also result in IUA[1]. Adhesions between
the opposing surfaces of the endometrium are composed of
fibrotic tissues. Our previous research found that the expres-
sions of fibrosis markers and ESC markers were higher in the
endometrial tissue with IUA compared to the control group
[6], both in humans and in animal models, suggesting that the
number of ESC increases in IUA, and that fibrotic factors plays
an important role in the pathogenesis of IUA.

In the present study, the ratio of the area with endometri-
al fibrosis to total endometrial area was reduced after injec-
tion of HMW-HA in an animal model of Asherman’s syndrome.
The expressions of fibrosis makers (TGF-B, CTGF, collagen Il
and collagen 1) were also decreased. These data suggest that
HMW-HA, but not LMW-HA, can decrease the degree of fibro-
sis when the endometrium is treated with curettage and per-
fusion of LPS. These results are in agreement with other pub-
lished reports that suggest HMW-HA can be anti-fibrotic in
renal fibrosis [15], as well as being anti-inflammatory [16,17].

HA clearly has many function in the body, interacting with a
number of cell types, primarily by the cell surface receptor
CD44 [18]. HA may also interact with cells via other receptors
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Figure 3. Masson stains for mouse endometrial tissue (400x). (A) Endometrium of the control group. (B) Endometrium of the LMW-HA
group. (C) Endometrium of the HMW-HA group. (D) The rate of fibrosis areas. ** P<0.01 (HMW-HA versus control group); error

bars, SEM.

as well, including TLR-2, TLR-4, RHAMM, and LYVE1 [16,19].
HA was reported to have an anti-fibrotic effect in the kidneys
through interacting with CD44 [15]. The combination of CD44
and HA can inhibit the function of TGF-B1, which plays a very
important role in organic fibrosis. Endometrium stromal and
epithelial cells are known to have some of these receptors on
their surface, such as CD44 [20], which might be involved in the
mechanism of the anti-fibrotic effect of HA in uterine endome-
trium. Admittedly, the mechanism by which HMW-HA reduced
the expression of fibrosis markers needs to be further studied.

Approximately 6-8 million induced abortions per year were
carried out between 2003 to 2007 in China, in which repeat
abortions accounted for up to 50% [21], which can lead to re-
peated damage to the endometrium and uterine adhesion.
Although the most important way to prevent repeated arti-
ficial abortion is to increase the population’s awareness of
contraception, preventing formation of IUA after uterine sur-
gery is also important. The HMW-HA can be used as a physi-
cal barrier and also as a potential anti-fibrotic agent that may
improve the outcome of endometrial trauma.

Figure 4. Expression levels of fibrosis markers in the mouse endometrial tissues were detected by immunohistochemistry (400x).
(A-C) TGFB1 expressed in endometrium of the control, LMW-HA, and HMW-HA group, respectively. (D-F) CTGF expressed
in the 3 groups. (G-I) Collagen | expressed in the 3 groups. (J-L) Collagen Ill expressed in the 3 groups. (M) The expression
levels of TGFB1, CTGF, collagen I, and collagen Il detected by Western blotting in control, LMW-HA, and HMW-HA groups.

(N) Ratios of TGFB1, CTGF, collagen I, and collagen IlI/GAPDH in the control, LMW-HA, and HMW-HA groups. * P<0.05,
** P<0.01 (versus control group); error bars, SEM.
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Conclusions

HA at high molecular weight may attenuate the fibrotic degree
of endometrium after endometrial damage. Injection of HA of
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