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Introduction

The diagnosis and management of adenomyosis, a com-
mon gynecological disorder, poses significant challenges. 
Adenomyosis is characterized by invasion of the endometrial 
glands and stroma into the myometrium, resulting in diffuse 
uterine enlargement and a variety of symptoms, including 
pelvic pain, abnormal uterine bleeding, subfertility, and also 
adverse pregnancy outcomes such as hypertensive disorder 
during pregnancy, gestational diabetes mellitus, postpartum 
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Objective
This study aimed to investigate the levels of chitinase-3-like protein-1 (CHI3L1), matrix metalloproteinase-9 (MMP-9), 
and monocyte chemoattractant protein-1 (MCP-1) in adenomyosis, as compared to normal myometrial tissue. These 
biomarkers may be useful for determining potential treatment targets. 

Methods
This was a correlative, analytical, and observational study with a cross-sectional design. Participants with a diagnosis of 
moderate-to-severe adenomyosis, as determined through transvaginal ultrasonography and histological examination, 
and who underwent laparotomy or laparoscopic surgery for the treatment of adenomyosis, were enrolled in the 
study. Unlike other studies that recruited healthy women as controls, our study used adenomyotic and healthy non-
adenomyotic myometria obtained from the same individual. The levels of CHI3L1, MMP-9, and MCP-1 in the biopsy 
samples were determined using enzyme-linked immunoassay kits, according to the manufacturer’s protocol.

Results
A highly significant increase in the levels of CHI3L1, MMP-9, and MCP-1 was found in adenomyotic tissues compared 
to non-adenomyotic tissues (P<0.001). A significant positive correlation was found between CHI3L1 and MMP-9 levels 
(r=0.463; P=0.008), CHI3L1 and MCP-1 levels (r=0.594; P<0.001), and MCP-1 and MMP-9 levels (r=0.680; P<0.001) in 
adenomyotic tissues.

Conclusion
CHI3L1 may play a role in the pathogenesis of adenomyosis via the regulation of the MCP-1 and MMP-9 pathways. 
Therefore, these molecules may serve as biomarkers and potential therapeutic targets for adenomyosis.

Keywords: Adenomyosis; Chitinase-3-like protein 1; Matrix metalloproteinase 9; Monocyte chemoattractant protein 1

Original Article
Obstet Gynecol Sci 2024;67(4):421-429
https://doi.org/10.5468/ogs.24021
eISSN 2287-8580

Received: 2024.01.01.   Revised: 2024.04.17.   Accepted: 2024.06.02.
Corresponding author: Alvin Setiawan, MD
Reproductive Endocrinology and Infertility Subdivision, 
Department of Obstetrics and Gynecology, Padjadjaran University 
Medical School, Hasan Sadikin Hospital, Bandung, West Java 
40161, Indonesia 
E-mail: alvin21001@mail.unpad.ac.id
https://orcid.org/0000-0003-0157-1086

Articles published in Obstet Gynecol Sci are open-access, distributed under the terms of 
the Creative Commons Attribution Non-Commercial License (http://creativecommons.
org/licenses/by-nc/3.0/) which permits unrestricted non-commercial use, distribution, 
and reproduction in any medium, provided the original work is properly cited.

Copyright © 2024 Korean Society of Obstetrics and Gynecology 

http://crossmark.crossref.org/dialog/?doi=10.5468/ogs.24021&domain=pdf&date_stamp=2024-07-15


www.ogscience.org422

Vol. 67, No. 4, 2024

hemorrhage, placental abruption, preterm birth, and delivery 
of a small-for-gestational-age infant [1-3]. Adenomyosis has 
long been regarded as an “internal endometriosis”; however, 
despite its similarity to endometriosis in terms of ectopic en-
dometrial tissue, the pathogenesis and clinical course of this 
condition remain unknown [1,2]. 

Adenomyosis affects women of reproductive age with a 
prevalence ranging from 5% to 70%. Hysterectomy is the 
most common surgical procedure for treating adenomyo-
sis, with an average frequency of 20-30% [4]. Most cases  
(70-80%) are reported in women between the ages of 40 
years and 50 years. Approximately 5-25% of adenomyosis 
cases are found in patients aged <39 years, and only 5-10% 
are found in women aged >60 years [5]. Naftalin et al. [6] 
found that 206 of 985 patients (20.9%) in the United King-
dom were diagnosed with adenomyosis, and the prevalence 
increased to 32% among women aged 40-49 years. Another 
study in Italy reported an adenomyosis prevalence of 34% in 
156 women aged 18-30 years [7]. The incidence rate in Asia 
cannot be fully represented; however, a study conducted in 
Korea among women aged 11-52 years revealed an increase 
in adenomyosis prevalence from 1.4 per 1,000 in 2002 to 7.5 
per 1,000 in 2016 [8]. Of the 220 women examined in Thai-
land, 47 (21.4%) were diagnosed with definite adenomyosis 
[9]. A large-scale study conducted in the United States from 
2006 to 2015 reported the overall incidence of adenomyosis 
as 1.03% (28.9%) per 10,000 women per year. The overall 
prevalence in 2015 was 0.8% and was highest in women 
aged 41-45 years (1.5%) [10]. 

Previous studies have elucidated the pathogenesis of ad-
enomyosis through several theories, including endometrial 
invagination of the myometrium with a tissue injury and 
repair (TIAR) mechanism, development of adult stem cells 
or de novo growth of the Müllerian duct, and invasion from 
outside-to-inside the uterus [11-13]. Supraphysiological es-
trogen production (hyperestrogenism) due to local paracrine 
activity in the eutopic and ectopic endometrium contributes 
to the development of adenomyosis [11,14]. Progesterone 
resistance in adenomyosis causes abnormal endometrial 
proliferation during the secretory phase of menstrual cycle. 
Hyperestrogenism also causes increased uterine sensitivity 
to oxytocin, which increases the mechanical pressure that 
breaks junctional zone cells. TIAR mechanisms are activated 
in response to tissue microtraumas. Local inflammatory medi-
ators, such as interleukin-1 beta, cyclooxygenase-2, and pros-

taglandin E2, are produced and activate steroidogenic acute 
regulatory proteins as well as P450 aromatase, which causes 
a hyperestrogenic positive feedback mechanism. Repeated 
micro-traumatization tears the myometrium and activates 
matrix metalloproteases (MMPs), particularly MMP-2 and 
-9, aiding endometrial invagination into the myometrium. In 
the de novo growth theory, the Müllerian duct regresses and 
resides in the eutopic and ectopic endometrium. Müllerian 
cells possess stem cell properties that enable them to divide 
rapidly and differentiate into endometrial and stromal cells. 
Micro-traumatization of the basal endometrium and junc-
tional zone causes Müllerian cells to invade the myometrium 
and differentiate into the endometrium [11]. The outside-to-
inside invasion theory states that mature endometrial cells 
from retrograde menstruation have the potential to infiltrate 
the uterine perimetrium and break through the outer layer of 
the myometrium, which later develops into intramyometrial 
endometrial implants (focal adenomyosis) [12,13]. 

Chitinase-3-like protein-1 (CHI3L1) is a 40 kDa glycoprotein 
that can bind chitin without chitinase enzymatic activity ow-
ing to mutations in its active domains. CHI3L1 is produced 
during chronic inflammation and has the ability to bind sev-
eral receptors, including receptor for advanced glycation end 
products, syndecan-1 (Sdc1)/alpha-v beta-3, and interleukin 
13 receptor alpha 2, eventually inducing inflammasome for-
mation, apoptosis, carcinogenesis, and angiogenesis. This 
protein also increases the production of interleukins (IL), 
including IL-6, IL-8, IL-12, IL-18, interferon-γ, tumor necrosis 
factor-α, chemokine ligands (CXCL) 9 and 11, and monocyte 
chemoattractant protein-1 (MCP-1)/ chemokine (C-C motif) 
ligand 2 (CCL2) [15,16]. 

MCP-1, also known as CCL2, attracts and activates mono-
nuclear cells, resulting in their aggregation in the epithelial-
mesenchymal transition zone of the adenomyotic endome-
trium [17]. Several studies showed positive regulation of 
MCP-1 towards phosphatidylinositol 3-kinase/protein kinase 
B (Akt), mitogen-activated protein kinase (MAPK)/extracel-
lular-signal-regulated kinase 1/2 (ERK1/2)/MMP-9, wingless-
related integration site/β-catenin, C-C motif chemokine 
receptor 2, reticular activating system, rapidly accelerated 
fibrosarcoma-1, MAPK kinase, ERK, and nuclear factor kappa 
B pathways, resulting in cell proliferation, migration, and an-
giogenesis [18,19]. 

MMPs are a family of zinc-dependent endopeptidases 
that play a role in physiological and pathophysiological tis-
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sue remodeling. MMPs cleave the structural elements of the 
extracellular matrix. MMP family members were categorized 
based on their substrate specificity. MMP-9, also known 
as gelatinase B, is a member of the gelatinase family. The 
main substrate of MMP-9 is gelatin; however, it can also 
cleave collagen types IV, V, VII, X, and XIV; elastin; fibril-
lin; and osteonectin. Numerous cells, including neutrophils, 
macrophages, and fibroblasts, secrete MMP-9 [20]. Several 
studies have shown that MMP-9 plays an important role in 
the pathophysiology of adenomyosis by assisting endome-
trial invasion into myometrial tissue and remodeling vascular 
endothelial tissue during adenomyotic implant angiogenesis 
[21,22]. 

Despite significant roles in many pathological conditions, 
the role of CHI3L1, MMP-9, and MCP-1 in adenomyosis re-
mains poorly understood. Studies related to adenomyosis are 
still extremely limited, and there is a pressing need for better 
understanding of the factors involved in the development 
of this condition. Therefore, this study aimed to investigate 
the potential correlations between CHI3L1, MMP-9, and  
MCP-1/CCL2 in the context of adenomyosis pathogenesis. 
The results of this study are expected to provide new insights 
into the mechanisms of adenomyosis pathogenesis, and may 
contribute to the development of molecular diagnostics and 
more effective therapies for this condition.

Materials and methods

1. Study participants
This is a cross-sectional study. This study was approved by 
ethical approval number LB.02.01/X.6.5/187/2023. Pa-
tients aged between 20 years and 49 years, who visited the 
Department of Obstetrics and Gynecology between May 
and July 2023 and had moderate-to-severe adenomyosis 
(adenomyotic area >25% of the myometrium) based on 
transvaginal ultrasound and histological diagnosis were 
enrolled in the study. The transvaginal ultrasound findings 
for adenomyosis were as follows: 1) the presence of ec-
topic endometrial glands and stroma or myometrial cysts 
and fluid-filled striations (Fig. 1A); 2) muscular hyperplasia/
hypertrophy, which appeared as fan-shaped shadowing  
(Fig. 1B); and 3) increased vascularity (Fig. 1C). Adenomyo-
sis was histologically diagnosed based on the presence of 
endometrial stroma and glandular tissue within the smooth 

muscle of the myometrium (Fig. 2). Patients were excluded 
if they 1) received hormonal therapy in the last 3 months;  
2) received anti-inflammatory therapy; 3) had an active infec-
tion; 4) had a uterine malignancy; or 5) had co-existing ad-
enomyosis and uterine leiomyoma. 

Fig. 1. Transvaginal ultrasound findings of adenomyosis. (A) Pres-
ence of myometrial cyst. (B) Presence of myometrial hypertrophy as 
fan-shaped shadow. (C) Increase of uterine vascularity depicted as 
patterns of penetrating vessels at color Doppler ultrasonography.

A

B

C



www.ogscience.org424

Vol. 67, No. 4, 2024

The number of patients recruited was determined using 
the following formula.
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Where: n=number of participants; r=expected correlation 
coefficient; α=probability of type I error-incorrectly rejecting 
the null hypothesis; β=probability of type II error-incorrectly 
failing to reject the null hypothesis; Zα=the z-score at α level; 
Z1-β=the z-score at β level.

By adjusting r to 0.5, a type I error rate (α) of 5%, and a 
type II error rate (β) of 20%, a minimum of 29 participants 
were enrolled. Finally, 32 participants were recruited, with a 
10% dropout rate. Written and verbal informed consent was 
obtained from all patients before treatment was adminis-
tered. 

2. Biopsy and sample preparation
Adenomyotic and normal myometrial biopsies were obtained 
from the same patient via laparotomy or laparoscopic sur-
gery. The tissues were then cut to a size of 1 cm3, washed 
with ice-cold phosphate-buffered saline (PBS) at pH 7.4, and 
weighed. Tissues were homogenized and sonicated in PBS at 
a ratio of 1:9 (tissue [g]: PBS volume [mL]) using an ultrasonic 
homogenizer (Omni Ruptor 4000 Ultrasonic Homogenizer; 
Omni International, Kennesaw, GA, USA). The homogenate 
was then centrifuged for 5 minutes at 5,000×g using a  
15 mL/50 mL centrifuge (Eppendorf Centrifuge 5810 R; 
Eppendorf, Hamburg, Germany). The supernatant was col-
lected and used for further analyses. 

3. Estimation of CHI3L1, MMP-9, and MCP-1 levels
CHI3L1 (Cat No. BZ-08123602-EB), MMP-9 (Cat No. BZ-
08126390-EB), and MCP-1 (Cat No. BZ-08120384-EB) 
levels were measured using BioenzyTM enzyme-linked im-
munosorbent assay kits (Bioenzy, Jakarta, Indonesia) ac-
cording to the manufacturer’s protocol. Briefly, a standard 
solution was prepared by diluting 120 µL standard solu-
tion to 120 µL standard diluent to generate a 240 ng/mL  
standard stock solution, which was then serially di-
luted at 1:2 using the standard diluent. Subsequently,  
50 µL of the standard solution was pipetted into each  
well plate. The sample homogenate supernatant (40 µL) 
was then added to each well. Subsequently, 10 µL of  
anti-CHI3L1/MMP-9/MCP-1 antibody was added to the sam-
ple wells. This was followed by the addition of streptavidin-
horseradish peroxidase conjugate (50 µL) to the standard and 
sample wells. The plates were then incubated at 37°C for 60 
minutes. The supernatant was discarded, and the wells were 
washed five times with washing buffer. Substrates A (50 µL) 
and B (50 µL) were then added to each well and incubated 
for 10 minutes at 37°C in the dark. A stop solution 50 µL 
was then added, and the absorbance of the solution was 
measured at 450 nm using a microplate spectrophotometer 
(xMarkTM Microplate Absorbance Spectrophotometer, Bio-

Fig. 2. Histological finding of adenomyosis. (A) Normal myome-
trium; (B) stromal and glandular areas within the myometrium 
showing signs of adenomyosis. These histological findings used 
×100 times enlargement rate.
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Rad; Hercules, CA, USA). 

4. Statistical analysis
Statistical analyses were conducted using the IBM SPSS Sta-
tistics 26.0 (IBM, Armonk, NY, USA). Differences in biomarker 
levels between adenomyotic and non-adenomyotic myome-

tria were tested using a paired t-test for normally distributed 
data or the Wilcoxon signed-rank test if the data were not 
normally distributed. P-value <0.05 indicated statistically 
significant difference between two groups. Pearson’s or 
Spearman’s correlation analysis was conducted to determine 
the correlation between each biomarker. Data normality was 
tested using the Shapiro-Wilk test. P-value <0.05 indicated 
that the data were not normally distributed. 

Results

Thirty-two patients agreed to participate in the study, and 
their characteristics are shown in Table 1. Most participants 
were aged between 30 years and 40 years, had delivered 
more than once, and were obese. 

CHI3L1, MMP-9, and MCP-1 levels in adenomyotic and 
non-adenomyotic tissues are shown in Table 2. CHI3L1, 
MMP-9, and MCP-1 levels were significantly higher in adeno-
myotic tissues than in non-adenomyotic tissues. 

Correlation analyses between CHI3L1, MMP-9, and MCP-1  
levels are shown in Fig. 3. Positive, strong, and significant 
correlations were found between CHI3L1 and MMP-9 
(r=0.463; P=0.008), CHI3L1 and MCP-1 (r=0.594; P<0.001), 
and MCP-1 and MMP-9 (r=0.680; P<0.001) in adenomyotic 
tissues. 

Table 1. Characteristics of patients

Characteristic Value (n=32)

Age (yr)

20-29 2 (6.3)

30-39 20 (62.5)

40-49 10 (31.2)

Mean±SD 36.7±3.9

Median (range) 38 (27-43)

Parity 

0 14 (43.7)

1-3 18 (56.3)

Body mass index (kg/m2)

Underweight (<18.5) 0 (0.0)

Normal (18.5-22.9) 8 (25.0)

Overweight (≥23-24.9) 8 (25.0)

Obese (≥25) 16 (50.0)

Mean±SD 26.0±3.9

Median (range) 24.8 (19.5-34.6)

Values are presented as number (%) unless othewise indicated.
SD, standard deviation.

Table 2. CHI3L1, MMP-9, and MCP-1 levels from adenomyotic and non-adenomyotic tissue biopsy samples

Biomarker
Tissue

P-value
Adenomyosis (n=32) Non-adenomyosis (n=32)

CHI3L1 level (ng/mL)

Mean±SD 188.31±32.97 132.81±10.44 <0.001a)

Median (range) 182.21 (130.70-271.41) 134.29 (109.16-149.99)

MMP-9 level (ng/mL)

Mean±SD 9.76±6.62 3.49±1.43 <0.001b)

Median (range) 6.96 (4.13-34.26) 3.41 (1.12-7.00)

MCP-1 level (pg/mL)

Mean±SD 675.58±95.22 532.76 (54.94) <0.001b)

Median (range) 652.76 (583.74-976.94) 545.85 (417.64-627.82)

CHI3L1, chitinase-3-like protein-1; MMP-9, matrix metalloproteinase-9; MCP-1, monocyte chemoattractant protein-1; SD, standard deviation.
a)Statistical analysis was performed using the paired t-test.
b)Statistical analyses were carried out using Wilcoxon signed-rank test.
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Discussion 

Many participants in this study were in the 30-40 years 
age group. This result is in line with those of previous epi-
demiological studies, which found that the prevalence of 
adenomyosis is higher in women of older reproductive age. 
An epidemiological study conducted in the United States 
of America from 2006 to 2015 found that the highest inci-
dence of adenomyosis occurred in women aged 41-45 years 
(69.1 per 10,000 women in 2008). The total prevalence until 
2015 was 0.8%, and the highest prevalence was observed in 
women aged 41-45-year-old women (1.5%) [10]. A study in 
Indonesia by Fitrina et al. [23] showed the highest prevalence 
of adenomyosis (70.7%) in patients aged >35 years. This 

phenomenon is likely due to increased estrogen exposure in 
the older reproductive age group [5].

A higher prevalence of adenomyosis was observed in the 
postpartum women (56.3%). Fitrina et al. [23] also found 
that patients with adenomyosis were mainly multiparous 
(51.7%). Upson and Missmer [7] stated that parity is a risk 
factor for adenomyosis because trophoblast invasion of the 
inner myometrium during pregnancy can disrupt the endo-
metrium-myometrium boundary.

In the current study, the percentage of patients with ad-
enomyosis who were obese was 50% and of those who 
were overweight was 25%. Obesity may be a risk factor for 
adenomyosis because more adipose tissue produces higher 
aromatase levels, resulting in increased estrogen levels [24]. 

Fig. 3. Correlation analyses between CHI3L1, MMP-9, and MCP-1  
levels in adenomyotic tissues. (A) Correlation between CHI3L1 and 
MMP-9 levels. (B) Correlation between CHI3L1 and MCP-1 levels. 
(C) Correlation between MMP-9 and MCP-1 levels. CHI3L1, chitin-
ase-3-like protein-1; MMP-9, matrix metalloproteinase-9; MCP-1, 
monocyte chemoattractant protein-1.
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Nevertheless, this condition does not affect the current re-
sults, as our samples were taken directly from adenomyotic 
and non-adenomyotic tissues, which are not affected by sys-
temic inflammation caused by metabolic conditions such as 
obesity. 

Significantly higher CHI3L1, MMP-9, and MCP-1 levels 
were found in adenomyotic uterine tissue than in non-
adenomyotic tissue, although both were obtained from the 
same patient. This finding is consistent with previous studies 
that have shown the roles of CHI3L1, MMP-9, and MCP-1  
in uterine pathologies. Tuten et al. [25] found that CHI3L1 
serum levels were significantly higher in patients with mod-
erate-to-severe endometriosis than in those with minimal-
to-mild endometriosis. Guo et al. [26] found a significant 
increase in CHI3L1 serum levels in patients with uterine leio-
myoma compared to healthy controls and a positive correla-
tion between CHI3L1 and leiomyoma masses. Vannuccini et 
al. [22] found that both eutopic and ectopic endometria of 
adenomyosis expressed significantly higher levels of MMP-2,  
MMP-9, and vascular endothelial growth factor (VEGF) 
than the normal endometrium, with a positive correlation 
between VEGF and metalloproteinase expression. An et al. 
[27] found a significant increase in MCP-1 levels in the eu-
topic endometrial epithelia of patients with adenomyoma 
compared to that in patients with normal endometrium. 

As hypothesized, this study established a strong positive 
correlation among CHI3L1, MMP-9, and MCP-1 levels. This 
finding emphasizes the involvement of these chemokines 
in the development of adenomyosis through an inflamma-
tory process, which has not yet been studied. Yeo et al. [15] 
reported that, in various types of cancer and endothelial 
cells, CHI3L1 increases the expression levels of MCP-1/CCL2, 
CXCL2, and MMP-9 through its receptor, Sdc1. The same 
receptor-molecule mechanism may also be involved in ad-
enomyosis; however, this hypothesis needs to be proven. 

This study presents several novel findings in comparison to 
those of other studies. To our knowledge, this study is the 
first to determine the relationship between adenomyosis and 
increased CHI3L1, MCP-1, and MMP-9 levels. Additionally, 
instead of using blood serum as a sample [25,26], we uti-
lized tissue biopsy, which is a more accurate representation 
to study the pathophysiology of adenomyosis. Finally, un-
like other studies that recruited healthy women as controls 
[25,26], we used adenomyotic and healthy non-adenomyotic 
myometrial tissues from the same individual. This approach 

can reduce sampling bias, as biomarker levels can be affected 
by an individual’s condition. By using biopsies from the same 
individual, one can be more certain of the roles of CHI3L1, 
MMP-9, and MCP-1 in adenomyosis pathophysiology. 

This study has several limitations. First, the study design 
was cross-sectional and could not depict the temporal re-
lationship between the development of adenomyosis and 
increase in CHI3L1, MMP-9, and MCP-1 levels. A prospec-
tive cohort study would be more suitable for describing this 
relationship. Finally, the reference range for CHI3L1 level in 
adenomyotic tissues remains unknown. 

Our results suggest that increased levels of CHI3L1, MMP-9,  
and MCP-1 are specific to the adenomyotic tissue. These 
findings strengthen previous evidence that suggests these 
molecules could serve as potential serum biomarkers in 
patients with adenomyosis [25,26]. However, in clinical set-
tings, it is more practical to use blood serum biomarkers than 
uterine biopsy. Thus, further research would be beneficial to 
determine the correlation between adenomyotic uterine bi-
opsy markers and elevated serum biomarker levels. However, 
we hypothesize that these markers might not be sufficient 
for primary diagnosis in the absence of ultrasound findings. 
Nonetheless, an elevation in the serum levels of these mark-
ers can suggest that the patient will most likely experience 
adenomyosis. Whether these three biomarkers can serve as 
specific indicators of adenomyosis, and not of other condi-
tions, such as endometriosis or leiomyoma, requires further 
study. 
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