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1. Abstract
1.1. Objective: To investigate whether chitinase-3-like protein-1 
(YKL-40) promotes the development of anorectal mucosal mela-
noma through the PI3K-AKT signaling pathway.

1.2. Methods: Perianal cells from healthy volunteers and mela-
noma cells from patients with early, middle and advanced anorec-
tal melanoma were obtained. Western blotting was performed to 
detect the protein expression of PI3K, AKT, and the downstream 
proteins mTOR, p-mTOR, ERK, and p-ERK, respectively. Subse-
quently, we constructed knockout and overexpression of YKL-40 
melanoma cell lines, then used western blot assay to test for YKL-
40, PI3K and AKT protein expression.

1.3. Results: A significant increase in the expression of PI3K, 
AKT, and the downstream proteins mTOR, p-mTOR, ERK, and 
p-ERK was observed in melanoma cells, and the expression of 
these proteins increased with the development of melanoma. After 
YKL-40 was knocked out, PI3K and AKT expression decreased 
in melanoma cells in patients with advanced melanoma. On the 
contrary, PI3K and AKT protein expression increased significantly 
after YKL-40 overexpression.

1.4. Conclusion: There is a positive correlation between the ex-
pression levels of PI3K, AKT, mTOR, p-mTOR, ERK, and p-ERK 
and the stage of tumor development. The PI3K-AKT signaling 
pathway promotes the progress of anorectal mucosal melanoma. 
Chitinase-3-like protein-1 (YKL-40) regulates the progression of 
anorectal mucosal melanoma through the PI3K-AKT signaling 
pathway.

2. Introduction
Melanoma is one of the most aggressive diseases and has a very 
poor overall survival rate [1,2]. Despite significant progress in 
treating malignant melanoma, particularly with new targeted ther-
apies and improved immunotherapy, there is still a low chance of 
survival in patients with metastatic melanoma [3]. It is therefore 
crucial to investigate the mechanisms participated in the melano-
ma development.

YKL-40, also known as Chitinase-3-Like-1 and Human Cartilagi-
nous Glycoprotein, belongs to the Chitinase-3 family [4,5]. YKL-
40 is named after the one letter code of its three N-terminal amino 
acids and molecular weight (40 kDa) [6]. This glycoprotein is pri-
marily secreted by tumor cells and tumor associated macrophages, 
arthritic chondrocytes, activated neutrophils, macrophages during 
a late differentiation state [7-9], differentiated vascular smooth 
muscle cells [10], and fibroblast-like synovial cells [11]. While its 
exact function is not fully understood, it is reported to be partici-
pate in multifarious pathophysiology including inflammation, cell 
proliferation and tissue remodeling [12-14]. YKL-40 is a connec-
tive tissue cell growth factor, and it has been shown to have syn-
ergistic effects with insulin-like growth factor 1 (IGF-1) [15,16]. 
YKL-40 activates a cascade of MAP kinases (MAP kinases) and 
PI-3K signaling in fibroblasts, leading to extracellular signaling 
regulating kinases (ERK) -1/2 MAP kinases and AKT phosphoryl-
ation, which are related to the regulation of mitogenesis [17,18]. In 
addition, it inhibited cell migration through inhibition of apoptosis 
and cell cycle progression. These findings indicate that YKL-40 
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participates in tissue remodeling and anti-apoptotic.

High concentrations of YKL-40 in serum can lead to all kinds of 
diseases, including cardiovascular disease, diabetes [19], cancer, 
and idiopathic pulmonary fibrosis [20,21]. Several studies have 
shown that YKL-40 is also significantly associated with cancer 
progression, such as incidence of metastasis, reduced relapse-free 
survival, and reduced overall survival [22]. Increases in serum 
YKL-40, have been demonstrated to be an independent prognos-
tic factor for low survival in colorectal, ovarian, renal, and gastric 
cancers [23,24]. 

We know that the PI3K-AKT signaling pathway is also extensive-
ly activated in tumorigenesis, especially the high frequency muta-
tion of PIK3CA, PIK3R1, AKT and other genes, which is tightly 
linked to tumorigenesis, development and drug resistance [25,26]. 
Research suggests that high levels of YKL-40 in human connec-
tive tissue may accelerate cell proliferation through PI3K-AKT 
pathway. And YKL-40 can undergo a PI3K-AKT cascade reaction 
leading to phosphorylation of AKT and thus activating this path-
way in glioma cells, suggesting that YKL-40 is closely linked to 
the PI3K-AKT pathway and influences the biologic behavior of 
tumour cells [27].

However, the expression of YKL-40, PI3K and AKT in anorec-
tal mucosal melanoma and their interrelationships remain unclear. 
Therefore, we attempted to reveal the relationship between YKL-
40 and the PI3K-AKT pathway during the progression of anorec-
tal mucosal melanoma. Our findings showed that PI3K and AKT 
expression increased in melanoma cells compared to normal cells, 
and their expression gradually increased as melanoma progressed. 
After the YKL-40 knockout, the expression of PI3K and AKT de-
creased in advanced melanoma cells. Overexpression of YKL-40 
had opposite effects. YKL-40 regulates the development and pro-
gression of anorectal mucosal melanoma through the PI3K-AKT 
signaling pathway.

3. Materials and Methods
3.1. Cell Culture

We take perianal cells from healthy volunteers and melanoma cells 
from patients with early, intermediate, and advanced anorectal mel-
anoma. Written informed consent was obtained from each patient, 
and the project received approval from the local ethics committee. 
Cells were cultured in medium (Hyclone, Cat.No.SH30809.18) in 
a 5% CO2 atmosphere at 37. The medium was added with 10% fe-
tal bovine serum (Excell Bio, China) and 1% mixture of penicillin 
and streptomycin (MACKLIN, China). The medium was changed 
every two days. The cells were passaged at 80% of the confluence.

3.2. Cell Transfection

The PLKO.1 plasmid vector was used to construct cell lines of 
advanced melanoma patients with knockdown YKL-40, and the 
pLVX plasmid vector was used to construct cell lines of advanced 
melanoma patients with overexpression of YKL-40. These were 

synthesized and packed in lentivirus by Shanghai Sangon Biotech. 
Cells from advanced melanoma patients were seeded in 6-well 
plates at a density of 1 × 106/mL. When cell fusion reaches 80%, 
the optimal vector lipid complex and overexpressed plasmid vec-
tor were added to the cells using transfection reagents according 
to the manufacturer’s guidelines. After 48 hours, the transfer effi-
ciency was observed with inverted fluorescence microscope, and 
the cells were collected for further analysis.

3.3. Western Blot Analysis 

The total protein sample was extracted in accordance with the kit 
specification (Beyotime, China), followed by quantification using 
the BCA Protein Assay (NCM Biotech, China). Cell protein lysates 
was separated by 10% SDS polyacrylamide gel electrophoresis 
and transferred onto PVDF (Sigma-aldrich, USA) membranes. 
The membranes were blocked with 5% skimmed milk powder for 
2 h at room temperature. The primary antibody was then applied 
at 4°C overnight with gentle shaking. After washing the mem-
branes three times, the HRP-conjugated second antibody was used 
at room temperature for 2 hours with gentle shaking. An ECL 
assay kit (NCM Biotech, China) was used to assess the protein 
levels. An exposure instrument (JP-K6000 chemiluminescence in-
strument) was used to visualize protein expression. Western blot 
data were quantified with Gel-pro software. Primary antibodies 
included GAPDH (Bioss, bsm-33033M), PI3 Kinase p110 Alpha 
(proteintech, 67071-1-Ig), AKT (proteintech, 60203-2-Ig), mTOR 
(proteintech, 66888-1-Ig), Phospho-mTOR (Ser2448) (p-mTOR, 
proteintech, 67778-1-Ig), ERK1 (Abcam, ab32537), Anti-ERK1 
(phospho T202) + ERK2 (phospho T185)antibody (p-Erk1/2, Ab-
cam, ab201015), YKL-40 (proteintech, 12036-1-AP). Secondary 
antibodies included horseradish peroxidase-labeled goat anti-rab-
bit IgG (H + L) (Bioss, bs-0295G-HRP), horseradish peroxi-
dase-labeled goat anti-mouse IgG (Bioss, bs-0296G-HRP).

3.4. Statistical Analysis

Graphpad Prism 9 (Version 9.4.0) was used for all analyses. Data 
were recorded as mean ± SD. The statistical significance between 
groups was determined by T-Test. ANOVA was used for compari-
son between multiple groups. P < 0.05 was considered significant.

4. Results
4.1. PI3K and AKT expression were upregulated in melanoma 
cells

Expression of PI3K PI3K AKT in perianal and melanoma melano-
ma cells was investigated by western blotting assay. In Figure 1a, 
PI3K and AKT were expressed higher in melanoma groups, and 
mTOR, pmTOR, ERK, and pERK were also higher in melanoma 
groups than those in the normal group. In addition, we found that 
the expression of PI3K, AKT, mTOR, pmTOR, ERK and pERK 
increased with the severity of anorectal melanoma. These results 
indicate that The PI3K-AKT signaling pathway is positively corre-
lated with the progression of tumor development and may promote 
the progression of anorectal melanoma.
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4.2. Knockdown of YKL-40 inhibited PI3K-AKT pathway ac-
tivation 

YKL-40 has been shown to be activated by the PI3K-AKT path-
way via a cascade reaction. In melanoma cells, we knocked out the 
YKL-40 gene and detected the expression of the associated pro-
tein. As demonstrated in Figure 2a, the results showed that there 
was no expression of YKL-40 after YKL-40 knockout. In addition, 
PI3K and AKT expression decreased significantly following YKL-
40 knockout (Figure 2b). Our results indicate that YKL-40 may 
regulate the PI3K-AKT pathway in melanoma cells.

4.3. YKL-40 overexpression activates PI3K-AKT pathway to 
promote melanoma progression

Taking into account that knockdown or over-expression of YKL-
40 may have different functions in melanoma cells, we then con-
structed an over-expression plasmid of YKL-40. We can observe 
the successful construction of the highly expressed YKL-40 plas-
mid (Figure 3a). In addition, we investigated the PI3K and AKT 
expression following the over-expression of YKL-40. As shown 
in Figure 3b, PI3K and AKT protein expression increased mark-
edly after YKL-40 was overexpressed. These results suggest that 
over-expression of YKL-40 may activate PI3K-AKT pathway and 
regulate the progression of melanomas.

Figure 1: (a) Western blot assay was performed to assess the expressions of proteins related with PI3K-AKT/mTOR signaling pathways. (b) Quantita-
tive results of proteins related with PI3K-AKT/mTOR signaling pathways. Normal: perianal cells from healthy volunteers; ear-SKCM: melanoma cells 
from early anorectal melanoma patients; sec-SKCM: melanoma cells from mid-stage anorectal melanoma patients; adv-SKCM: melanoma cells from 
advanced anorectal melanoma patients.(*p < 0.05, **p < 0.01, ***p<0.001).
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Figure 2: (a) Protein expression of YKL-40 in PLKO.1-NC and PLKO.1-YKL-40 cells. (b) Protein expression of PI3K and AKT in PLKO.1-NC and 
PLKO.1-YKL-40 cells. (c) Quantitative results of YKL-40. (d) Quantitative results of PI3K and AKT. groups;  PLKO.1-NC group: melanoma cells 
from advanced anorectal melanoma patients without YKL-40 gene knockout, PLKO.1-YKL-40 group: melanoma cells from advanced anorectal mel-
anoma patients with YKL-40 gene knockout.(* p < 0.05, **p < 0.01, ***p<0.001).)

Figure 3: (a) Protein expression of YKL-40 in pLVX-NC and pLVX-YKL-40 cells. (b) Protein expression of PI3K and AKT in pLVX-NC and pLVX-
YKL-40 cells. (c) Quantitative results of YKL-40. (d) Quantitative results of PI3K and AKT. pLVX-NC: melanoma cells from advanced anorectal 
melanoma patients; pLVX-YKL-40: melanoma cells from advanced anorectal melanoma patients with YKL-40 overexpression. (*p<0.05, **p<0.01, 
***p<0.001). 

5. Discussion
Our findings suggest that YKL-40 is significantly increased in 
melanoma cells from anorectal mucosal melanoma patients than 
in perianal cells from healthy volunteers, and it is associated with 
the severity of melanoma. Moreover, YKL-40 regulates the pro-
gression of anorectal melanoma via PI3K-AKT signaling. For all 

we know, this is the first time to examine the role of YKL-40 and 
PI3K-AKT signaling pathways in anorectal mucosal melanoma. 

The incidence of melanoma has been increasing for many years in 
several countries, including the United States [28]. While the inci-
dence of all cancer sites combined is declining, that of melanoma 
continues to increase [29]. As one of the cancers with the highest 
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case fatality rate, melanoma has gradually become a major public 
health problem, with a huge economic and social burden [30]. In 
the treatment of melanoma, the main treatment is a combination 
of radiotherapy and chemotherapy, as well as biomolecular target-
ed therapy [3]. However, in the existing research on melanoma, 
there is still a lack of biomolecules for grading melanoma, and 
the mechanism of its occurrence and development still needs to be 
further explored. 

YKL-40 may be participate in the cancer cells’ proliferation and 
differentiation, metastasis, anti-apoptosis, angiogenesis stimula-
tion, and regulation of extracellular tissue remodeling [31]. This 
likely causal role has led to research into targeting YKL-40 as a 
therapeutic option in cancers [32,33]. Previous research indicat-
ed that YKL-40 was increased in all kinds of cancers [31,32,34]. 
Serum level of YKL-40 was also determined to be an independ-
ent prognostic biomarker in patients with metastatic NSCLC and 
melanoma [35,36]. We believe that YKL-40 may be a prognos-
tic factor in cancer development and patient response to applied 
therapy [23]. Treatment with YKL-40-eneutralising antibodies or 
ionizing radiation in a xenografted glioblastoma model resulted in 
inhibition of the growth of the cancer and improved the survival 
of the mice [37]. Furthermore, in a latest study involving mice in-
jected with a melanoma cell line, knocdowning the YKL-40 gene 
reduced the size and quantity of metastatic melanomas in lung tis-
sues of the mice [38]. Elevated serum levels of YKL in cancer pa-
tients might be related to angiogenesis, proliferation and migration 
of tumor cells, and the mechanism may be due to the action of 
YKL through FAK and PI3K-AKT signaling pathway [39].

The PI3K-AKT signaling pathway plays an important role in reg-
ulating cell proliferation and apoptosis [40]. Activation of PI3K-
AKT signaling pathways can promote proliferation of multiple 
cell types including melanoma cells by regulating the expression 
of growth factors [41-43]. Our study found that compared with 
healthy people, the expressions of PI3K-AKT pathway related 
proteins were increased in melanoma patients, and the protein 
expression levles were gradually increased with the progression 
of anorectal mucosal melanoma. Previous researches have shown 
that elevated YKL-40 serum levels in tumor patients may be 
caused by angiogenesis, proliferation of tumor cells which regulat-
ed by FAK and PI3K-AKT signaling. Therefore, we assumed that 
YKL-40 regulates the development and progression of anorectal 
mucosal melanoma by targeting the PI3K-AKT signaling pathway. 
We constructed YKL-40 knockout and overexpression plasmid 
vectors and transferred them into melanoma cells from advanced 
melanoma patients. The results demonstrated that PI3K and AKT 
were reduced after YKL-40 knockout, while PI3K and AKT were 
increased in the presence of over-expression. Therefore, it was ver-
ified that YKL-40 regulates the progression of anorectal mucosal 
melanoma through the PI3K-AKT signaling pathway. We know 
the PI3K-AKT signaling pathway is a vital pathway in regulating 

cell proliferation and apoptosis [44], so it is necessary to further 
investigate whether YKL-40 can influence cell apoptosis and pro-
liferation by the PI3K-AKT signaling pathway, thus regulating the 
progression of anorectal mucosa melanoma. One of the limitations 
of this study is the lack of relevance in vivo experiments. Our next 
step is to further test it out in animals. To sum up, we have shown 
that YKL-40 regulates the progression of anorectal melanoma via 
PI3K-AKT signaling.

6. Author Contributions
Yaoping Li conceived and designed the experiments. Chaoyi Li, 
Yonggang, Wang, Xiaodong Ren performed the experiments. 
Chaoyi Li, Yonggang, Wang, Xiaodong Ren analyzed the data. 
Chaoyi Li, Yonggang, Wang, Xiaodong Ren drafted the manu-
script.

       References

1. Rastrelli M, Tropea S, Rossi CR, Alaibac M. Melanoma: epidemiol-
ogy, risk factors, pathogenesis, diagnosis and classification. In Vivo. 
2014; 28(6): 1005-11.

2. Arnold M, Singh D, Laversanne M, Vignat J, Vaccarella S, Meheus 
F, et al. Global Burden of Cutaneous Melanoma in 2020 and Projec-
tions to 2040. JAMA Dermatol. 2022; 158 (5): 495-503.

3. Namikawa K, Yamazaki N. Targeted Therapy and Immunotherapy 
for Melanoma in Japan. Curr Treat Options Oncol. 2019; 20 (1): 7.

4. Bleau G, Massicotte F, Merlen Y, Boisvert C. Mammalian chiti-
nase-like proteins. Exs. 1999; 87: 211-21.

5. Renkema GH, Boot RG, Au FL, Donker-Koopman WE, Strijland A, 
Muijsers AO, et al. Chitotriosidase, a chitinase, and the 39-kDa hu-
man cartilage glycoprotein, a chitin-binding lectin, are homologues 
of family 18 glycosyl hydrolases secreted by human macrophages. 
Eur J Biochem. 1998; 251(1-2): 504-9.

6. Johansen JS, Williamson MK, Rice JS, Price PA. Identification of 
proteins secreted by human osteoblastic cells in culture. J Bone Min-
er Res. 1992; 7 (5): 501-512.

7. Volck B, Price PA, Johansen JS, Sørensen O, Benfield TL, Nielsen 
HJ, et al. YKL-40, a mammalian member of the chitinase family, is a 
matrix protein of specific granules in human neutrophils. Proc Assoc 
Am Physicians. 1998; 110(4): 351-60.

8. Rehli M, Krause SW, Andreesen R. Molecular characterization of 
the gene for human cartilage gp-39 (CHI3L1), a member of the chiti-
nase protein family and marker for late stages of macrophage differ-
entiation. Genomics. 1997; 43 (2): 221-5.

9. Boot RG, van Achterberg TA, van Aken BE, Renkema GH, Jacobs 
MJ, Aerts JM, et al. Strong induction of members of the chitinase 
family of proteins in atherosclerosis: chitotriosidase and human car-
tilage gp-39 expressed in lesion macrophages. Arterioscler Thromb 
Vasc Biol. 1999; 19(3): 687-94.

10. Nishikawa KC, Millis AJ. gp38k (CHI3L1) is a novel adhesion and 
migration factor for vascular cells. Exp Cell Res. 2003; 287(1): 79-
87.

https://pubmed.ncbi.nlm.nih.gov/25398793/
https://pubmed.ncbi.nlm.nih.gov/25398793/
https://pubmed.ncbi.nlm.nih.gov/25398793/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8968696/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8968696/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8968696/
https://pubmed.ncbi.nlm.nih.gov/30675668/
https://pubmed.ncbi.nlm.nih.gov/30675668/
https://pubmed.ncbi.nlm.nih.gov/10906962/
https://pubmed.ncbi.nlm.nih.gov/10906962/
https://pubmed.ncbi.nlm.nih.gov/9492324/
https://pubmed.ncbi.nlm.nih.gov/9492324/
https://pubmed.ncbi.nlm.nih.gov/9492324/
https://pubmed.ncbi.nlm.nih.gov/9492324/
https://pubmed.ncbi.nlm.nih.gov/9492324/
https://pubmed.ncbi.nlm.nih.gov/1615759/
https://pubmed.ncbi.nlm.nih.gov/1615759/
https://pubmed.ncbi.nlm.nih.gov/1615759/
https://pubmed.ncbi.nlm.nih.gov/9686683/
https://pubmed.ncbi.nlm.nih.gov/9686683/
https://pubmed.ncbi.nlm.nih.gov/9686683/
https://pubmed.ncbi.nlm.nih.gov/9686683/
https://pubmed.ncbi.nlm.nih.gov/9244440/
https://pubmed.ncbi.nlm.nih.gov/9244440/
https://pubmed.ncbi.nlm.nih.gov/9244440/
https://pubmed.ncbi.nlm.nih.gov/9244440/
https://pubmed.ncbi.nlm.nih.gov/10073974/
https://pubmed.ncbi.nlm.nih.gov/10073974/
https://pubmed.ncbi.nlm.nih.gov/10073974/
https://pubmed.ncbi.nlm.nih.gov/10073974/
https://pubmed.ncbi.nlm.nih.gov/10073974/
https://pubmed.ncbi.nlm.nih.gov/12799184/
https://pubmed.ncbi.nlm.nih.gov/12799184/
https://pubmed.ncbi.nlm.nih.gov/12799184/


acmcasereport.org                                                                                                                                                                                                                                                   6

Volume 11 Issue 2 -2023                                                                                                                                                                                                          Research Article

11. De Ceuninck F, Gaufillier S, Bonnaud A, Sabatini M, Lesur C, 
Pastoureau P. YKL-40 (cartilage gp-39) induces proliferative events 
in cultured chondrocytes and synoviocytes and increases glycos-
aminoglycan synthesis in chondrocytes. Biochem Biophys Res 
Commun. 2001; 285(4): 926-31.

12. Wang S, Hu M, Qian Y, Jiang Z, Shen L, Fu L, et al. CHI3L1 in the 
pathophysiology and diagnosis of liver diseases. Biomed Pharma-
cother. 2020; 131: 110680.

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

14. Lee CG, Dela Cruz CS, Herzog E, Rosenberg SM, Ahangari F, Elias 
JA. YKL-40, a chitinase-like protein at the intersection of inflam-
mation and remodeling. Am J Respir Crit Care Med. 2012; 185(7): 
692-4.

15. Andreassen M, Raymond I, Hildebrandt P, Kistorp C, Rathcke 
C, Vestergaard H, et al. Associations between plasma insulin-like 
growth factor-I and the markers of inflammation interleukin 6, C-re-
active protein and YKL-40 in an elderly background population. 
Inflamm Res. 2010; 59(7): 503-510.

16. Recklies AD, White C, Ling H. The chitinase 3-like protein hu-
man cartilage glycoprotein 39 (HC-gp39) stimulates proliferation 
of human connective-tissue cells and activates both extracellular 
signal-regulated kinase- and protein kinase B-mediated signalling 
pathways. Biochem J. 2002; 365(Pt 1): 119-26.

17. Tang H, Sun Y, Shi Z, Huang H, Fang Z, Chen J, et al. YKL-40 in-
duces IL-8 expression from bronchial epithelium via MAPK (JNK 
and ERK) and NF-κB pathways, causing bronchial smooth muscle 
proliferation and migration. J Immunol. 2013; 190 (1): 438-446.

18. Sun Y, Shi Z, Liu B, Li X, Li G, Yang F, et al. YKL-40 mediates air-
way remodeling in asthma via activating FAK and MAPK signaling 
pathway. Cell Cycle. 2020; 19(11): 1378-90.

19. Rathcke CN, Vestergaard H. YKL-40--an emerging biomarker in 
cardiovascular disease and diabetes. Cardiovasc Diabetol. 2009; 8: 
61.

20. Majewski S, Szewczyk K, Jerczyńska H, Miłkowska-Dymanows-
ka J, Białas AJ, Gwadera Ł, et al. Longitudinal and Comparative 
Measures of Serum Chitotriosidase and YKL-40 in Patients With 
Idiopathic Pulmonary Fibrosis. Front Immunol. 2022; 13: 760776.

21. Korthagen NM, van Moorsel CH, Barlo NP, Ruven HJ, Kruit A, 
Heron M, et al. Serum and BALF YKL-40 levels are predictors 
of survival in idiopathic pulmonary fibrosis. Respir Med. 2011; 
105(1): 106-13.

22. Cheng KC, Lee JJ, Wang SL, Lin CY, Tseng CT, Lin CS, et al. Ele-
vated plasma YKL-40 level is found in the dogs with cancer and is 
related to poor prognosis. J Vet Sci. 2019; 20(5): e53.

23. De Robertis M, Greco MR, Cardone RA, Mazza T, Marzano F, Me-
hterov N, et al. Upregulation of YKL-40 Promotes Metastatic Phe-
notype and Correlates with Poor Prognosis and Therapy Response 
in Patients with Colorectal Cancer. Cells. 2022; 11(22).

24. Bi J, Lau SH, Lv ZL, Xie D, Li W, Lai YR, et al. Overexpression of 
YKL-40 is an independent prognostic marker in gastric cancer. Hum 
Pathol. 2009; 40(12): 1790-7.

25. Zhu K, Wu Y, He P, Fan Y, Zhong X, Zheng H, et al. PI3K/AKT/
mTOR-Targeted Therapy for Breast Cancer. Cells. 2022; 11(16).

26. Guerrero-Zotano A, Mayer IA, Arteaga CL. PI3K/AKT/mTOR: role 
in breast cancer progression, drug resistance, and treatment. Cancer 
Metastasis Rev. 2016; 35(4): 515-24.

27. Wang Y, Wong CW, Yan M, Li L, Liu T, Or PM, et al. Differential 
regulation of the pro-inflammatory biomarker, YKL-40/CHI3L1, 
by PTEN/Phosphoinositide 3-kinase and JAK2/STAT3 pathways in 
glioblastoma. Cancer Lett. 2018; 429: 54-65.

28. Health USD, Human S. Reports of the Surgeon General. In The Sur-
geon General’s Call to Action to Prevent Skin Cancer, (Office of the 
Surgeon General (US)). 2014.

29. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2016. CA Cancer 
J Clin. 2016; 66(1): 7-30.

30. Weir HK, Thompson TD, Soman A, Møller B, Leadbetter S, White 
MC. Meeting the Healthy People 2020 Objectives to Reduce Cancer 
Mortality. Prev Chronic Dis. 2015; 12: E104.

31. Johansen JS, Schultz NA, Jensen BV. Plasma YKL-40: a potential 
new cancer biomarker? Future Oncol. 2009; 5(7): 1065-82.

32. Lee CG, Da Silva CA, Dela Cruz CS, Ahangari F, Ma B, Kang MJ, 
et al. Role of chitin and chitinase/chitinase-like proteins in inflam-
mation, tissue remodeling, and injury. Annu Rev Physiol. 2011; 73: 
479-501.

33. Kzhyshkowska J, Yin S, Liu T, Riabov V, Mitrofanova I. Role of 
chitinase-like proteins in cancer. Biol Chem. 2016; 397 (3): 231-247.

34. Choi IK, Kim YH, Kim JS, Seo JH. High serum YKL-40 is a poor 
prognostic marker in patients with advanced non-small cell lung 
cancer. Acta Oncol. 2010; 49(6): 861-4.

35. Thöm I, Andritzky B, Schuch G, Burkholder I, Edler L, Johansen 
JS, et al. Elevated pretreatment serum concentration of YKL-40-An 
independent prognostic biomarker for poor survival in patients with 
metastatic nonsmall cell lung cancer. Cancer. 2010; 116(17): 4114-
21.

36. Schmidt H, Johansen JS, Gehl J, Geertsen PF, Fode K, von der 
Maase H. Elevated serum level of YKL-40 is an independent prog-
nostic factor for poor survival in patients with metastatic melanoma. 
Cancer. 2006; 106(5): 1130-9.

37. Shao R, Francescone R, Ngernyuang N, Bentley B, Taylor SL, Mor-
al L, et al. Anti-YKL-40 antibody and ionizing irradiation synergisti-
cally inhibit tumor vascularization and malignancy in glioblastoma. 
Carcinogenesis. 2014; 35(2): 373-82.

38. Kim KC, Yun J, Son DJ, Kim JY, Jung JK, Choi JS, et al. Suppres-
sion of metastasis through inhibition of chitinase 3-like 1 expression 
by miR-125a-3p-mediated up-regulation of USF1. Theranostics. 
2018; 8(16): 4409-28.

https://pubmed.ncbi.nlm.nih.gov/11467840/
https://pubmed.ncbi.nlm.nih.gov/11467840/
https://pubmed.ncbi.nlm.nih.gov/11467840/
https://pubmed.ncbi.nlm.nih.gov/11467840/
https://pubmed.ncbi.nlm.nih.gov/11467840/
https://pubmed.ncbi.nlm.nih.gov/32861071/
https://pubmed.ncbi.nlm.nih.gov/32861071/
https://pubmed.ncbi.nlm.nih.gov/32861071/
https://pubmed.ncbi.nlm.nih.gov/32929074/
https://pubmed.ncbi.nlm.nih.gov/32929074/
https://pubmed.ncbi.nlm.nih.gov/32929074/
https://pubmed.ncbi.nlm.nih.gov/22467800/
https://pubmed.ncbi.nlm.nih.gov/22467800/
https://pubmed.ncbi.nlm.nih.gov/22467800/
https://pubmed.ncbi.nlm.nih.gov/22467800/
https://pubmed.ncbi.nlm.nih.gov/20047081/
https://pubmed.ncbi.nlm.nih.gov/20047081/
https://pubmed.ncbi.nlm.nih.gov/20047081/
https://pubmed.ncbi.nlm.nih.gov/20047081/
https://pubmed.ncbi.nlm.nih.gov/20047081/
https://pubmed.ncbi.nlm.nih.gov/12071845/
https://pubmed.ncbi.nlm.nih.gov/12071845/
https://pubmed.ncbi.nlm.nih.gov/12071845/
https://pubmed.ncbi.nlm.nih.gov/12071845/
https://pubmed.ncbi.nlm.nih.gov/12071845/
https://pubmed.ncbi.nlm.nih.gov/23197259/
https://pubmed.ncbi.nlm.nih.gov/23197259/
https://pubmed.ncbi.nlm.nih.gov/23197259/
https://pubmed.ncbi.nlm.nih.gov/23197259/
https://pubmed.ncbi.nlm.nih.gov/32286145/
https://pubmed.ncbi.nlm.nih.gov/32286145/
https://pubmed.ncbi.nlm.nih.gov/32286145/
https://pubmed.ncbi.nlm.nih.gov/19930630/
https://pubmed.ncbi.nlm.nih.gov/19930630/
https://pubmed.ncbi.nlm.nih.gov/19930630/
https://pubmed.ncbi.nlm.nih.gov/35222369
https://pubmed.ncbi.nlm.nih.gov/35222369
https://pubmed.ncbi.nlm.nih.gov/35222369
https://pubmed.ncbi.nlm.nih.gov/35222369
https://pubmed.ncbi.nlm.nih.gov/20888745/
https://pubmed.ncbi.nlm.nih.gov/20888745/
https://pubmed.ncbi.nlm.nih.gov/20888745/
https://pubmed.ncbi.nlm.nih.gov/20888745/
https://pubmed.ncbi.nlm.nih.gov/31565896/
https://pubmed.ncbi.nlm.nih.gov/31565896/
https://pubmed.ncbi.nlm.nih.gov/31565896/
https://pubmed.ncbi.nlm.nih.gov/36428997/
https://pubmed.ncbi.nlm.nih.gov/36428997/
https://pubmed.ncbi.nlm.nih.gov/36428997/
https://pubmed.ncbi.nlm.nih.gov/36428997/
https://pubmed.ncbi.nlm.nih.gov/19765801/
https://pubmed.ncbi.nlm.nih.gov/19765801/
https://pubmed.ncbi.nlm.nih.gov/19765801/
https://pubmed.ncbi.nlm.nih.gov/36010585/
https://pubmed.ncbi.nlm.nih.gov/36010585/
https://pubmed.ncbi.nlm.nih.gov/27896521/
https://pubmed.ncbi.nlm.nih.gov/27896521/
https://pubmed.ncbi.nlm.nih.gov/27896521/
https://pubmed.ncbi.nlm.nih.gov/29729901/
https://pubmed.ncbi.nlm.nih.gov/29729901/
https://pubmed.ncbi.nlm.nih.gov/29729901/
https://pubmed.ncbi.nlm.nih.gov/29729901/
https://pubmed.ncbi.nlm.nih.gov/25320835/
https://pubmed.ncbi.nlm.nih.gov/25320835/
https://pubmed.ncbi.nlm.nih.gov/25320835/
https://pubmed.ncbi.nlm.nih.gov/26742998/
https://pubmed.ncbi.nlm.nih.gov/26742998/
https://pubmed.ncbi.nlm.nih.gov/26133647/
https://pubmed.ncbi.nlm.nih.gov/26133647/
https://pubmed.ncbi.nlm.nih.gov/26133647/
https://pubmed.ncbi.nlm.nih.gov/19792974/
https://pubmed.ncbi.nlm.nih.gov/19792974/
https://pubmed.ncbi.nlm.nih.gov/21054166/
https://pubmed.ncbi.nlm.nih.gov/21054166/
https://pubmed.ncbi.nlm.nih.gov/21054166/
https://pubmed.ncbi.nlm.nih.gov/21054166/
https://pubmed.ncbi.nlm.nih.gov/26733160/
https://pubmed.ncbi.nlm.nih.gov/26733160/
https://pubmed.ncbi.nlm.nih.gov/20553098/
https://pubmed.ncbi.nlm.nih.gov/20553098/
https://pubmed.ncbi.nlm.nih.gov/20553098/
https://pubmed.ncbi.nlm.nih.gov/20564116/
https://pubmed.ncbi.nlm.nih.gov/20564116/
https://pubmed.ncbi.nlm.nih.gov/20564116/
https://pubmed.ncbi.nlm.nih.gov/20564116/
https://pubmed.ncbi.nlm.nih.gov/20564116/
https://pubmed.ncbi.nlm.nih.gov/16456816/
https://pubmed.ncbi.nlm.nih.gov/16456816/
https://pubmed.ncbi.nlm.nih.gov/16456816/
https://pubmed.ncbi.nlm.nih.gov/16456816/
https://pubmed.ncbi.nlm.nih.gov/24282289/
https://pubmed.ncbi.nlm.nih.gov/24282289/
https://pubmed.ncbi.nlm.nih.gov/24282289/
https://pubmed.ncbi.nlm.nih.gov/24282289/
https://pubmed.ncbi.nlm.nih.gov/30214629/
https://pubmed.ncbi.nlm.nih.gov/30214629/
https://pubmed.ncbi.nlm.nih.gov/30214629/
https://pubmed.ncbi.nlm.nih.gov/30214629/


acmcasereport.org                                                                                                                                                                                                                                                   7

Volume 11 Issue 2 -2023                                                                                                                                                                                                          Research Article

39. Li TM, Liu SC, Huang YH, Huang CC, Hsu CJ, Tsai CH, et al. 
YKL-40-Induced Inhibition of miR-590-3p Promotes Interleu-
kin-18 Expression and Angiogenesis of Endothelial Progenitor 
Cells. Int J Mol Sci. 2017; 18(5): 

40. Dillon RL, White DE, Muller WJ. The phosphatidyl inositol 3-ki-
nase signaling network: implications for human breast cancer. On-
cogene. 2007; 26 (9): 1338-1345.

41. Kennedy SG, Wagner AJ, Conzen SD, Jordán J, Bellacosa A, Tsi-
chlis PN, et al. The PI 3-kinase/Akt signaling pathway delivers an 
anti-apoptotic signal. Genes Dev. 1997; 11(6): 701-13.

42. Yea SS, Fruman DA. Achieving cancer cell death with PI3K/
mTOR-targeted therapies. Ann N Y Acad Sci. 2013; 1280(1): 15-8.

43. Schneider P, Schön M, Pletz N, Seitz CS, Liu N, Ziegelbauer K, et 
al. The novel PI3 kinase inhibitor, BAY 80-6946, impairs melanoma 
growth in vivo and in vitro. Exp Dermatol. 2014; 23(8): 579-84.

44. Marone R, Erhart D, Mertz AC, Bohnacker T, Schnell C, Cmil-
janovic V, et al. Targeting melanoma with dual phosphoinositide 
3-kinase/mammalian target of rapamycin inhibitors. Mol Cancer 
Res. 2009; 7(4): 601-13.

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5454833/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5454833/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5454833/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5454833/
https://pubmed.ncbi.nlm.nih.gov/17322919/
https://pubmed.ncbi.nlm.nih.gov/17322919/
https://pubmed.ncbi.nlm.nih.gov/17322919/
https://pubmed.ncbi.nlm.nih.gov/9087425/
https://pubmed.ncbi.nlm.nih.gov/9087425/
https://pubmed.ncbi.nlm.nih.gov/9087425/
https://pubmed.ncbi.nlm.nih.gov/23551096/
https://pubmed.ncbi.nlm.nih.gov/23551096/
https://pubmed.ncbi.nlm.nih.gov/24942196/
https://pubmed.ncbi.nlm.nih.gov/24942196/
https://pubmed.ncbi.nlm.nih.gov/24942196/
https://pubmed.ncbi.nlm.nih.gov/19372588/
https://pubmed.ncbi.nlm.nih.gov/19372588/
https://pubmed.ncbi.nlm.nih.gov/19372588/
https://pubmed.ncbi.nlm.nih.gov/19372588/

