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Autologous arteriovenous fistula (AVF) is commonly placed for hemodialysis treatment.  Recent studies 
show that increased baseline serum level of Chitinase-3-like protein 1 (CHI3L1) is independently associated 
with a higher risk of the early failure of forearm AVFs.  However, the changes and mechanisms of CHI3LI in 
local vascular tissues of failed AVF have not be revealed.  This study aims to conduct the expression and 
mechanism of CHI3L1 in vascular tissues from patients.  Immunoreactivity of CHI3L1, matrix 
metalloproteinase 2 (MMP-2) and vascular endothelial growth factor-A (VEGF-A) were detected in vascular 
tissues collected from nine patients with AVF surgery.  Due to the significant stenosis clinically, six of the 
nine patients received arteriovenous fistula reconstruction.  The expression differences of CHI3L1 between 
the initial vascular tissues and failed AVF are significant (P < 0.05).  Failed AVF due to stenosis shows 
intraluminal thrombus, collagen fiber rupture, fibrous connective tissue hyperplasia, tube wall thickening, 
neovascularization, scattered inflammatory cell infiltration in the tunica media as well as high CHI3L1 
expression level, and the expression of MMP-2 (r = 0.9022, P = 0.0139) and VEGF-A (r = 0.8355, P = 
0.0393) was positively correlated with CHI3L1.  CHI3L1 expression in vascular tissues possibly plays an 
important role in AVF failure.  MMP-2 and VEGF-A may participate in venous stenosis with CHI3L1.
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Introduction
End-stage renal disease (ESRD) refers to the eventual 

outcome of the continuous progression of chronic kidney 
disease (CKD).  At this stage, the loss of most kidney func-
tion is irreversible, and the available treatments are limited.  
The renal replacement therapy is needed, such as renal 
transplantation or dialysis.  Hemodialysis is a common type 
of renal replacement therapy.  In recent years, the preva-
lence of CKD is increased, and the burden of CKD is grow-
ing rapidly around the world (Lv and Zhang 2019).  In 
2017, the global average prevalence of CKD is 9.1%, which 
represents an increase of 29% compared to that of 1990.  In 

the same year, 697.5 million patients with CKD are 
recorded globally.  There are about 434.3 million adults suf-
fering from the CKD in Asia until 2022, where the patients 
with advanced CKD is nearly 65.6 million.  Most of CKD 
patients are from China and India, whose patient number 
are 159.8 million and 140.2 million, respectively (Liyanage 
et al. 2022).  According to the China Hemodialysis 
Registration System (CNDRS), there were 690,000 hemo-
dialysis patients in China in 2020.  Autologous arteriove-
nous fistula (AVF) is commonly placed for hemodialysis 
treatment, which is associated with lower mortality and 
infection rates compared to indwelling central venous cath-
eters and grafts (Ravani et al. 2013a, b).  However, the fail-
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ure and obstacles of AVF often limit the applications in 
clinical settings in general.  It is demonstrated that the pri-
mary patency of AVFs is only 64% at one year, and 21% of 
fistulas were abandoned without coming into use (Bylsma 
et al. 2017).  In the view of the large hemodialysis popula-
tion, resolution of AVF failure and obstacles has gained a 
hot focus of research currently.

Chitinase-3-like protein 1 (CHI3L1) is a secretory gly-
coprotein (molecular weight 40 kDa).  As a member of the 
chitinase family, it has been discovered as a heparin-binding 
protein that binds to chitin-like oligosaccharides (Zhao et 
al. 2020), acting as a marker of inflammation in different 
diseases.  Recent studies have shown that increased base-
line serum CHI3L1 levels is independently associated with 
a higher risk of the early failure of forearm AVFs, and the 
association between base line CHI3L1 concentrations and 
AVF failure is stable and robust (Liang et al. 2021).  
Therefore, CHI3L1 has a significant potential biomarker of 
AVF failure in ESRD patients.  The serum CHI3L1 levels 
are related to the AVF failure, yet the expression of CHI3LI 
in local vessels remains unclear.  The present study detects 
the expression of CHI3L1 in venous tissues from patients 
undergoing AVF surgery, evaluates its clinical significance 
and explores the possible mechanism of CHI3L1 in AVF 
failure.

Materials and Methods
Patients and tissue samples

Specimens were collected from 9 patients undergoing 
AVF surgery in April 2022 at the Hemodialysis Unit, the 
First Affiliated Hospital of Xi’an Medical University (Xi’an, 
Shaanxi, China).  All subjects had signed informed consents 
for specimen collection for the purposes of this study before 
undergoing the operations.  Among them were 7 males and 
2 females within the age range of 29-70 years.  The study 
was approved by the institutional review board of Xi’an 
Medical University (No. XYYFY2022LSKY-016).

Inclusion criteria were: (1) Patients were ≥ 18 years of 
age; (2) Definitive diagnosis of CKD [the glomerular filtra-
tion rate estimated by the CKD epidemiology collaboration 
(CKD-EPI) formula is less than 15 ml/min/1.73 m2] regular 
hemodialysis treatment; 3) No obvious surgical contraindi-
cations such as acute infection, heart failure, myocardial 
infarction, acute stroke, gastrointestinal bleeding, etc.; (4) 
No malignant tumor or severe liver disease; (5) Complete 
clinical data.  Exclusion criteria were: (1) Transferred to 
peritoneal dialysis; (2) Allogenic kidney transplantation; (3) 
The functional status of the patient’s AVF could not be 
known during follow-up.  All the patients underwent preop-
erative clinical assessment with ultrasound imaging by a 
vascular sonographer who measured the vessel size and 
other variables (including distensibility, vessel wall thick-
ness, and resistance index) to evaluate the suitability of ves-
sels for AVF access creation or re-anastomosis surgery.

Six of the 9 patients received arteriovenous fistula 
reconstruction due to clinically significant stenosis.  

Clinically significant stenosis was defined as the inability to 
achieve the prescribed dialysis blood pump flow rate in at 
least two consecutive hemodialysis sessions and any one of 
the following criteria on ultrasound: (1) AVF with blood 
flow rate < 400 mL/min; (2) The ratio of venous access 
pressure to main arterial pressure > 0.55; (3) Peak systolic 
velocities of ≥ 500 cm/sec; and (4) ≥ 50% reduction in 
luminal diameter in comparison with the adjacent vessel 
(Wo et al. 2017; Huang et al. 2021).  All specimens were 
obtained from the pruning process of the venous anasto-
motic site, and no venous tissue samples were obtained 
from other normal vessels or locations in the field.

Hematoxylin and eosin (H&E) staining
The fixed tissues were dehydrated with gradient alco-

hol, embedded in paraffin, and sliced into pathological sec-
tions.  The dried slices were immersed in xylene I/II/III in 
sequence for 10 min each, then in absolute ethanol, 95%, 
80%, and 70% ethanol for 7 min each, and washed with 
water for 5 min.  The slices were stained in hematoxylin for 
5 min, then washed with water for 5 min.  The slices were 
differentiated by 1% hydrochloric acid in alcohol for 5 s 
and rinsed with water for 1 min, counterstained with 1% 
eosin for 10 s and then washed for 1 min.  They were 
immersed in 70%, 80%, 95% and absolute ethanol each for 
2 min, then immersed in xylene I/II for 5 min each.  Finally, 
once the sections were naturally dried, they were sealed 
with neutral gum and then browse with digital slices 
(PANNORAMIC MIDI, Jinan, China).

Immunohistochemistry
Formalin-fixed and paraffin-embedded tissues were cut 

into serial sections with a thickness of 4 μm.  Sections were 
stained with hematoxylin and eosin (H&E) for histological 
examination.  The paraffin sections were deparaffinized and 
rehydrated.  Then, the sections were placed in citrate buffer 
(pH 6.0) for 10 min and washed with phosphate-buffered 
saline (PBS).  After blocking with 3% bovine serum albu-
min (BSA) solution for 30 min at room temperature, the 
sections were incubated with CHI3L antibody 1 (1:200, 
ab77528, Abcam, Cambridge, UK), MMP-2 antibody 
(1:400, GB11130, Servicebio, Wuhan, China) and VEGF-A 
antibody (1:300, GB14165, Servicebio) overnight at 4°C.  
The sections were washed with PBS and then incubated 
with the secondary antibodies for 1 h at room temperature.  
The sections were then stained with 3, 3′-diaminobenzidine 
tetrahydrochloride for 10 min and counterstained with 
hematoxylin, dehydrated and mounted. Light yellow or 
brownish-yellow particles in the cytoplasm or nucleus indi-
cated positive cells, and the integrated optical density (IOD) 
value was obtained by Aipathwell software (Servicebio).

Statistical analysis 
GraphPad 8.3.0 (GraphPad, San Diego, CA, USA) 

software was used for data analysis.  The data were 
expressed as mean ± standard deviation (SD).  For baseline 
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characteristics, the significance of differences in continuous 
variables between the failed group and the functional group 
were tested using t-test or Wilcoxon rank-sum test.  
Categorical variables were compared with the use of the 
chi-squared test or Fisher’s exact test where appropriate.  
Comparisons for two non-normal distribution groups were 
performed using the Mann-Whitney test of variance.  
Correlation analyses were carried out using Pearson’s cor-
relation.  In this study, P < 0.05 was considered statistically 
significant.

Results
Patient characteristics 

A total of 9 patients were included in this study and 
categorized into two groups.  Six of the 9 patients who 
received arteriovenous fistula reconstruction due to clini-
cally significant stenosis, were grouped into AVF recon-
struction group, also known as AVF failure group.  The 
other three are the initial AVF group, and have initiated 
dialysis via central venous catheters before the first angio-
plasty of arteriovenous fistula.  Table 1 presents the clinical 
data of all patients.  Patients of two groups did not differ 
significantly in terms of sex, age and other basic clinical 
information.

Pathological changes in the vein tissues from AVF of ESRD 
patients 

The pathological changes in the vein tissues are shown 
in Figs. 1 and 2.  H&E staining showed no obvious fibrous 
connective tissue hyperplasia and inflammatory cell infiltra-
tion in the initial group, and endothelial cell shedding in the 

intima can be observed (Fig. 1).  Compared with the initial 
AVF group, the AVF reconstruction group showed intralu-
minal thrombus, collagen fiber rupture, fibrous connective 
tissue hyperplasia, tube wall thickening, neovascularization 
and scattered inflammatory cell infiltration in the tunica 
media (Fig. 2A-D).  Pathological features were graded 
according to the four-level grading system of subjective 
(Table 2).  Furthermore, the pathologic score of the AVF 
reconstruction group was higher than that of the initial AVF 
group (6.50 ± 1.76 vs. 0.33 ± 0.58, P < 0.05), showed in 
Fig. 2E.

Immunohistochemistry
The expression of CHI3LI, MMP-2 and VEGF-A by 

immunohistochemistry staining showed in Fig. 3, positive 
staining showed brownish-yellow granules.  The difference 
of positive area rate of CHI3L1 between the initial AVF and 
the AVF reconstruction group was statistically significant 
(0.44 ± 0.05 vs. 0.61 ± 0.08, P < 0.05).  Compared with the 
initial AVF group, significantly higher expression levels of 
CHI3LI, MMP-2 and VEGF-A were observed in the AVF 
reconstruction group (Fig. 4A-C).  A positive correlation 
was found between the expression levels of CHI3L1 and 
MMP-2 in the all samples (r = 0.9383, P < 0.001, Fig. 5A), 
there was also a positive correlation between the expression 
levels of CHI3L1 and MMP-2 in the AVF reconstruction 
group (r = 0.9022, P < 0.05, Fig. 5B).  In the all samples, a 
positive correlation was observed between the expression 
levels of CHI3L1 and VEGF-A (r = 0.8956, P < 0.005, Fig. 
6A), and the expression levels of CHI3L1 were positively 
correlated with VEGF-A in the AVF reconstruction group (r 

Table 1.  �Baseline characteristics of enrolled participants according to the status of the autologous arteriovenous fistula 
(AVF).

Total AVF reconstruction
 group Initial AVF group P-value

Number (%) 9 6 (66.7) 3 (33.3) −
Age (years) 54.44 ± 14.12 58.17 ± 5.85 44 ± 22.60 0.17
Male (n, %) 7 (77.8) 5 (55.6) 2 (22.2) > 0.9999

Cause of kidney disease (n, %) 0.23
Chronic glomerulonephritis 0 (0) 0 (0) 0 (0)

DKD 3 (0.33) 1 (16.7) 2 (66.7)
Others 6 (0.67) 5 (83.3) 1 (33.3)
Hypertension (n, %) 6 (0.67) 5 (83.3) 1 (33.3) 0.23
Diabetes (n, %) 3 (0.33) 1 (16.7) 2 (66.7) 0.23

Hemoglobin (g/L) 100.56 ± 16.76 105.17 ± 12.59 91.33 ± 23.16 0.27
Serum albumin (g/L) 34.38 ± 5.33 35.43 ± 6.11 32.27 ± 3.23 0.44
Calcium (mmol/L) 2.15 ± 0.12 2.19 ± 0.83 2.08 ± 0.15 0.17
Phosphorus (mmol/L) 1.37 ± 0.43 1.49 ± 0.41 1.12 ± 0.40 0.25
Uric acid (μmol/L) 312 ± 149.76 326.83 ± 160.42 282.33 ± 152.97 0.70
Creatinine (μmol/L) 646.67 ± 248.12 634.92 ± 244.95 670.17 ± 308.24 0.86

Data are shown as n (%) or mean ± SD.
DKD, diabetic kidney disease.
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= 0.8335, P < 0.05, Fig. 6B).

Discussion
Compromised vascular access is a common cause of 

hospitalization in patients receiving maintenance hemodial-
ysis and it remains an important clinical problem (Gil 
Giraldo et al. 2020).  Reliable clinical biomarkers predict-
ing AVF failure is still lacking.  In a recent systematic 
review and meta-analysis comprising thirteen studies with a 
combined population of 1,512 subjects, 48 biomarkers were 
assessed and no significant association between any of the 
assessed routine circulating biomarkers and AVF failure 
was observed (Morton et al. 2016; Wang et al. 2022).  
Previous studies have shown that the ESRD patients had a 
higher level of serum CHI3L1 (Tatar et al. 2017) compared 
to the healthy controls.  Elevated serum CHI3L1 levels can 
even independently predict all-cause mortality in ESRD 
patients (Lorenz et al. 2018; Nielsen et al. 2018).  The cor-
relation between CHI3L1 and the AVF failure also makes 
sense in the population of ESRD patients.  As previously 
described, the prospective observational cohort study of 
109 ESRD patients have shown that the increased baseline 
serum level of CHI3L1 is associated with higher risk of the 
failure of forearm AVFs (Liang et al. 2021).  Vascular non-
thrombotic stenosis is the most common cause of AVF fail-

ure.  Stenosis can be located in any part of the vascular 
access, but it is most common at the venous end and the 
anastomosis of the internal fistula.  The main pathological 
basis is venous intima hyperplasia (Vazquez-Padron et al. 
2021), which is composed of endothelial cells, vascular 
smooth muscle cells (SMCs), macrophages, fibroblasts, 
myofibroblasts and a large amount of extracellular matrix 
(ECM), while CHI3L1 is expressed by different types of 
cells including SMCs, macrophages, and neutrophils (Yeo 
et al. 2019).  Thus, it is supposed that CHI3L1 might also 
have an impact on the failure of AVF in ESRD patients, 
apart from the molecular mechanisms already demonstrated 
by several studies, such as inflammation, uremia, hypoxia, 
and sheer stress, which are responsible for the AVF failure 
(Brahmbhatt et al. 2016).

Although serum CHI3L1 is a promising marker of 
AVF failure, there is no sufficient experimental research 
about CHI3L1 expression in AVF failure.  In particular, the 
expression of CHI3L1 protein in failed AVF tissues has not 
been reported.  In this study, it is evaluated that the expres-
sion of CHI3L1 in venous tissues of failed AVF due to non-
thrombotic stenosis, and the positive correlations between 
the levels of CHI3L1 and MMP-2 or VEGF-A have been 
found.

It is shown that the expression levels of CHI3L1, 

Fig. 1.  Representative hematoxylin and eosin (H&E) staining of vein tissues in the autologous arteriovenous fistula (AVF)  
reconstruction group.
Changes in venous tissue of failed AVF due to stenosis by H&E staining.  Representative sections showing intraluminal 
thrombus, collagen fiber rupture, fibrous connective tissue hyperplasia, tube wall thickening, neovascularization and 
scattered inflammatory cell infiltration.  Sections were collected from 2 different patients.  (A) and (C) H&E staining in 
venous tissue of failed AVF (× 20).  (B) and (D) H&E staining in venous tissue of failed AVF (× 200).  Scale bars are 
500 μm and 50 μm, respectively.
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Fig. 2.  Hematoxylin and eosin (H&E) staining of venous tissues in the initial autologous arteriovenous fistula (AVF) group 
and the pathologic score of the AVF reconstruction group and the initial AVF group.
H&E staining showed no obvious fibrous connective tissue hyperplasia and inflammatory cell infiltration in the venous 
tissue of the initial AVF group.  Sections were collected from 2 different patients.  (A) and (C) H&E staining in venous 
tissue of the initial AVF (× 20).  (B) and (D) H&E staining in venous tissue of the initial AVF (× 200).  (E) The patho-
logic score of the AVF reconstruction group (shown in Fig. 1) was higher than that of the initial AVF group (shown in 
Fig. 2A-D) (6.50 ± 1.76 vs. 0.33 ± 0.58, mean ± SD, P < 0.05).
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Fig. 3.  Representative immunohistochemical staining of CHI3LI, MMP-2 and VEGF-A in venous tissues.
Sections were collected from 3 different patients.  (A) CHI3L1 expression in venous tissue of the initial AVF (× 200).  
(B) MMP-2 expression in venous tissue of the initial AVF (× 200).  (C) VEGF-A expression in venous tissue of the ini-
tial AVF (× 200).  (D) CHI3L1 expression in venous tissue of the AVF reconstruction group (× 200).  (E) MMP-2 ex-
pression in venous tissue of the AVF reconstruction group (× 200).  (F) VEGF-A expression in venous tissue of the AVF 
reconstruction group (× 200).  (G) The positive area rate of CHI3L1 in the AVF reconstruction group and the initial AVF 
group.  Data are expressed as median with interquartile range.  The difference of positive area rate of CHI3L1 between 
the initial AVF and the AVF reconstruction group was statistically significant (0.44 ± 0.05 vs. 0.61 ± 0.08, mean ± SD, P 
< 0.05).
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MMP-2 and VEGF-A were higher in the venous tissue of 
AVF reconstruction patients compared to the initial AVF 
initial group.  The pathological characteristics shows that 
more fibrous connective tissue hyperplasia, lumen stenosis 
and inflammatory cell infiltration are observed in the AVF 
reconstruction group.  The important role of matrix metal-
loproteinases (MMPs) in the process of AVF maturation has 
been proven, and MMPs are risk factors for cardiovascular 
diseases (Bassiouni et al. 2021).  MMP-2 is a member of 
the MMP family and it can be secreted by SMC, mediating 
SMC proliferation and migration (Maybee et al. 2022).  

This mechanism has been clearly involved in the occur-
rence and development of atherosclerosis (Tao et al. 2021).  
The proliferation of SMCs and the migration of SMCs from 
the adventitia to the intima are the main causes of intimal 
hyperplasia.  Therefore, MMP-2 may be involved in the 
occurrence of AVF failure.  Studies have shown that 
MMP-2 correlates with the severity of intimal thickening, 
which may be used as a biomarker of the vascular remodel-
ing underlying AVF stenosis (Nadolski et al. 2018).  
VEGF-A is one of the most potent angiogenic factors (Al 
Kawas et al. 2022).  It plays a major role in vascular remod-

Table 2.  Four-level grading system of subjective.

Grade Description

0 In the study condition, the tissue was considered normal. 
1 The change is just outside the normal range.
2 The lesion can be observed but is not severe.
3 The lesions are obvious. 
4 The lesions are very severe (the lesions have taken up the entire tissue and organ).

Fig. 4.  Immunohistochemistry analysis of the CHI3L1, MMP-2, and VEGF-A expression levels.
The integrated optical density (IOD) value was obtained by Aipathwell software.  Data are expressed as median with in-
terquartile range.  *P < 0.05.  (A) Relative level of CHI3L1.  (B) Relative level of MMP-2.  (C) Relative level of VEGF-
A.

Fig. 5.  Correlation between CHI3L1 and MMP-2.
(A) The correlation between CHI3L1 and MMP-2 in all tissue samples (n = 9).  (B) The correlation between CHI3L1 
and MMP-2 in the AVF reconstruction group (n = 6).
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eling, and it is involved in the pathogenesis of arterial ste-
nosis, vein bypass grafts, and venous neointimal hyperpla-
sia associated with hemodialysis vascular access.  Previous 
studies on animal models have confirmed that the VEGF-A 
expression is increased at the venous stenosis site of arte-
riovenous fistula for hemodialysis (Yang et al. 2014).

MMP-2 is regulated by a variety of signaling path-
ways.  The phosphoinositide 3-kinase (PI3K)/AKT pathway 
is a critical pathway that increases the expression level of 
MMP-2 (Park et al. 2020) and allows CHI3L1 to exert bio-
logical effects.  CHI3LI affects tumor angiogenesis, cell 
proliferation and migration and it is associated with 
increased glucose uptake in skeletal muscles via the PI3K/
AKT signaling pathway (Rusak et al. 2016; Kwak et al. 
2020).  This study showed that the expression levels of 
CHI3L1 are positively correlated with MMP-2 in the sam-
ples of the AVF reconstruction group.  It is speculated that 
CHI3L1 up-regulates MMP-2 expression through the PI3K/
AKT signaling pathway, and it is involved in the occurrence 
and development of arteriovenous fistula stenosis.  Further 
experimental studies on the mechanism of CHI3L1 are 
required.

VEGF-A plays an essential role in vascular remodel-
ing.  Previous studies have demonstrated that the expression 
of VEGF-A in stenotic samples collected from patients with 
failed hemodialysis vascular access has increased (Misra et 
al. 2010).  A recent study shows that the reduction of 
VEGF-A can reduce intimal hyperplasia and abnormal vas-
cular remodeling (Huang et al. 2021).  Furthermore, the 
expression of VEGF in the venous tissues of patients with 
AVF failure was significantly up-regulated compared with 
the control group, which was consistent with the results of 
the proposed study.  H&E staining in the AVF reconstruc-
tion group showed neovascularization, which further con-
firmed that VEGF-A might play a role in AVF failure.  It is 
reported that CHI3L1 small interfering RNA could reduce 
the expression level of VEGF-A in endometrial cancer 
HEC-1A cells (Chen et al. 2021).  The expression of 

CHI3L1 was positively correlated with VEGF-A in the 
samples of this study, suggesting that VEGF-A may be one 
of the targets of CHI3L1 in AVF failure.

In conclusion, the overexpression of CHI3L1 in local 
tissues provides further evidence for serum CHI3L1 as a 
biomarker of AVF failure.  However, the limited sample 
size is a limitation of this study.  In addition, the elevation 
of CHI3L1 expression on local tissues might respond to 
abnormal systemic conditions, in which patients are more 
likely to form AVF failure.  The involvement of CHI3L1 in 
AVF failure caused by regulating MMP-2 and VEGF-A 
needs to be confirmed by further in vitro experiments.  
Further research on CHI3L1 will help to provide a new 
aspect for AVF failure.

Acknowledgments
This work was supported by Natural Science Basic 

Research Program of Shaanxi Province grant (S2021-
JC-YB-1957) and Science and Technology Program of 
Xi’an Science and Technology Bureau grant (22YXYJ0147).

Conflict of Interest
The authors declare no conflict of interest.

References
Al Kawas, H., Saaid, I., Jank, P., Westhoff, C.C., Denkert, C., 

Pross, T., Weiler, K.B.S. & Karsten, M.M. (2022)  How 
VEGF-A and its splice variants affect breast cancer develop-
ment - clinical implications.  Cell. Oncol. (Dordr.), 45, 
227-239.

Bassiouni, W., Ali, M.A.M. & Schulz, R. (2021)  Multifunctional 
intracellular matrix metalloproteinases: implications in 
disease.  FEBS J., 288, 7162-7182.

Brahmbhatt, A., Remuzzi, A., Franzoni, M. & Misra, S. (2016)  
The molecular mechanisms of hemodialysis vascular access 
failure.  Kidney Int., 89, 303-316.

Bylsma, L.C., Gage, S.M., Reichert, H., Dahl, S.L.M. & Lawson, 
J.H. (2017)  Arteriovenous fistulae for haemodialysis: a 
systematic review and meta-analysis of efficacy and safety 
outcomes.  Eur. J. Vasc. Endovasc. Surg., 54, 513-522.

Chen, H.Y., Zhou, Z.Y., Luo, Y.L., Luo, Q. & Fan, J.T. (2021)  

Fig. 6.  Correlation between CHI3L1 and VEGF-A.
(A) The correlation between CHI3L1 and VEGF-A in all tissue samples (n = 9).  (B) The correlation between CHI3L1 
and VEGF-A in the AVF reconstruction group (n = 6).



The Potential Roles of CHI3L1 261

Knockdown of YKL-40 inhibits angiogenesis through regula-
tion of VEGF/VEGFR2 and ERK1/2 signaling in endometrial 
cancer.  Cell Biol. Int., 45, 2557-2566.

Gil Giraldo, Y., Munoz Ramos, P., Ruano, P. & Quiroga, B. (2020)  
Vascular access-related mortality in hemodialysis patients 
during and after hospitalization.  Ther. Apher. Dial., 24, 
688-694.

Huang, X., Guan, J., Sheng, Z., Wang, M., Xu, T., Guo, G., Wan, P., 
Tian, B., Zhou, J., Huang, A., Hao, J. & Yao, L. (2021)  Effect 
of local anti-vascular endothelial growth factor therapy to 
prevent the formation of stenosis in outflow vein in arteriove-
nous fistula.  J. Transl. Int. Med., 9, 307-317.

Kwak, S.Y., Seo, I.H., Chung, I., Kim, S.A., Lee, J.O., Lee, H.J., 
Kim, S.E., Han, J.A., Kang, M.J., Kim, S.J., Lim, S., Kim, 
K.M., Chung, J.H., Lim, E., Hwang, J.I., et al. (2020)  Effect 
of chitinase-3-like protein 1 on glucose metabolism: in vitro 
skeletal muscle and human genetic association study.  FASEB 
J., 34, 13445-13460.

Liang, L., Chen, Q., Cao, W., Tang, L., Wei, Y., Ding, N., Kong, X. 
& Xu, D. (2021)  Chitinase-3-like protein 1 is an independent 
risk factor for the early failure of forearm autologous arterio-
venous fistulas in uremic patients.  Ther. Apher. Dial., 25, 
939-946.

Liyanage, T., Toyama, T., Hockham, C., Ninomiya, T., Perkovic, 
V., Woodward, M., Fukagawa, M., Matsushita, K., Praditporn-
silpa, K., Hooi, L.S., Iseki, K., Lin, M.Y., Stirnadel-Farrant, 
H.A., Jha, V. & Jun, M. (2022)  Prevalence of chronic kidney 
disease in Asia: a systematic review and analysis.  BMJ Glob. 
Health, 7, e007525.

Lorenz, G., Schmalenberg, M., Kemmner, S., Haller, B., Steubl, D., 
Pham, D., Schreiegg, A., Bachmann, Q., Schmidt, A., Haderer, 
S., Huber, M., Angermann, S., Gunthner, R., Braunisch, M., 
Hauser, C., et al. (2018)  Mortality prediction in stable hemo-
dialysis patients is refined by YKL-40, a 40-kDa glycoprotein 
associated with inflammation.  Kidney Int., 93, 221-230.

Lv, J.C. & Zhang, L.X. (2019)  Prevalence and disease burden of 
chronic kidney disease.  Adv. Exp. Med. Biol., 1165, 3-15.

Maybee, D.V., Ink, N.L. & Ali, M.A.M. (2022)  Novel roles of 
MT1-MMP and MMP-2: beyond the extracellular milieu.  Int. 
J. Mol. Sci., 23, 9513.

Misra, S., Shergill, U., Yang, B., Janardhanan, R. & Misra, K.D. 
(2010)  Increased expression of HIF-1alpha, VEGF-A and its 
receptors, MMP-2, TIMP-1, and ADAMTS-1 at the venous 
stenosis of arteriovenous fistula in a mouse model with renal 
insufficiency.  J. Vasc. Interv. Radiol., 21, 1255-1261.

Morton, S.K., Rodriguez, A.J., Morris, D.R., Bhandari, A.P., 
Moxon, J.V. & Golledge, J. (2016)  A systematic review and 
meta-analysis of circulating biomarkers associated with failure 
of arteriovenous fistulae for haemodialysis.  PLoS One, 11, 
e0159963.

Nadolski, G.J., Hunt, S.J., Weber, C.N., Mohammed, M., Pulido, 
S., Noji, M., Chisholm, A. & Gade, T.P.F. (2018)  Near-
infrared fluorescence imaging of matrix metalloproteinase 2 
activity as a biomarker of vascular remodeling in hemodialysis 
access.  J. Vasc. Interv. Radiol., 29, 1268-1275 e1261.

Nielsen, T.L., Plesner, L.L., Warming, P.E., Pallisgaard, J.L., Dals-

gaard, M., Schou, M., Host, U., Rydahl, C., Brandi, L., Kober, 
L., Johansen, J.S., Kastrup, J. & Iversen, K.K. (2018)  YKL-40 
in patients with end-stage renal disease receiving haemodial-
ysis.  Biomarkers, 23, 357-363.

Park, J.H., Shin, J.M., Yang, H.W., Kim, T.H., Lee, S.H., Lee, 
H.M., Cho, J.G. & Park, I.H. (2020)  Cigarette smoke extract 
stimulates MMP-2 production in nasal fibroblasts via ROS/
PI3K, Akt, and NF-kappaB signaling pathways.  Antioxidants 
(Basel), 9, 739.

Ravani, P., Gillespie, B.W., Quinn, R.R., MacRae, J., Manns, B., 
Mendelssohn, D., Tonelli, M., Hemmelgarn, B., James, M., 
Pannu, N., Robinson, B.M., Zhang, X. & Pisoni, R. (2013a)  
Temporal risk profile for infectious and noninfectious compli-
cations of hemodialysis access.  J. Am. Soc. Nephrol., 24, 
1668-1677.

Ravani, P., Palmer, S.C., Oliver, M.J., Quinn, R.R., MacRae, J.M., 
Tai, D.J., Pannu, N.I., Thomas, C., Hemmelgarn, B.R., Craig, 
J.C., Manns, B., Tonelli, M., Strippoli, G.F. & James, M.T. 
(2013b)  Associations between hemodialysis access type and 
clinical outcomes: a systematic review.  J. Am. Soc. Nephrol., 
24, 465-473.

Rusak, A., Jablonska, K. & Dziegiel, P. (2016)  The role of 
YKL-40 in a cancerous process.  Postepy Hig. Med. Dosw. 
(Online), 70, 1286-1299.

Tao, Y., Zhang, L., Yang, R., Yang, Y., Jin, H., Zhang, X., Hu, Q., 
He, B., Shen, Z. & Chen, P. (2021)  Corilagin ameliorates 
atherosclerosis by regulating MMP-1, -2, and -9 expression in 
vitro and in vivo.  Eur. J. Pharmacol., 906, 174200.

Tatar, B., Kose, S., Pala, E. & Tatar, E. (2017)  Inflammatory 
biomarkers and liver histopathology in non-uremic and uremic 
chronic hepatitis C patients.  Acta Medica (Hradec Kralove), 
60, 71-75.

Vazquez-Padron, R.I., Martinez, L., Duque, J.C., Salman, L.H. & 
Tabbara, M. (2021)  The anatomical sources of neointimal cells 
in the arteriovenous fistula.  J. Vasc. Access, 11297298211011875.

Wang, X., Tapia Silva, L.M., Nikam, M., Mitra, S., Zaidi, S.S.A. & 
Grobe, N. (2022)  Molecular insights and novel approaches 
toward individualized arteriovenous fistula care.  Blood Purif., 
1-10.

Wo, K., Morrison, B.J. & Harada, R.N. (2017)  Developing duplex 
ultrasound criteria for diagnosis of arteriovenous fistula 
stenosis.  Ann. Vasc. Surg., 38, 99-104.

Yang, B., Janardhanan, R., Vohra, P., Greene, E.L., Bhattacharya, 
S., Withers, S., Roy, B., Nieves Torres, E.C., Mandrekar, J., 
Leof, E.B., Mukhopadhyay, D. & Misra, S. (2014)  Adventitial 
transduction of lentivirus-shRNA-VEGF-A in arteriovenous 
fistula reduces venous stenosis formation.  Kidney Int., 85, 
289-306.

Yeo, I.J., Lee, C.K., Han, S.B., Yun, J. & Hong, J.T. (2019)  Roles 
of chitinase 3-like 1 in the development of cancer, neurode-
generative diseases, and inflammatory diseases.  Pharmacol. 
Ther., 203, 107394.

Zhao, T., Su, Z., Li, Y., Zhang, X. & You, Q. (2020)  Chitinase-3 
like-protein-1 function and its role in diseases.  Signal Trans-
duct. Target. Ther., 5, 201.


