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Article

high CHI3L1 expression levels are linked to 18 types of 
tumors and 26 types of other non-cancerous diseases, 
and in some cancers and tumors this elevated CHI3L1 
actively facilitates cancer development in different ways 
(2). High levels of CHI3L1 lead to degenerative outcomes 
in many inflammatory and immunological diseases such as 
pulmonary fibrosis, alcoholic liver fibrosis, multiple sclerosis, 
and Alzheimer’s disease (2, 8, 9). As a result, CHIT1 and 
CHI3L1 are increasingly recognized as promising targets for 
new medicines. Thus, a compound that could safely block 
CHIT1 and CHI3L1 activity might offer a new way to treat 
inflammatory and immunological disease conditions. 
	 Potential sources for a new therapeutic compound include 
the plant-derived molecule chlorogenic acid. Chlorogenic acid 
is a common plant metabolite found in tea and coffee, as well 
as some fruits such as berry fruits and apples (10). Chlorogenic 
acid is famous for its many reported health benefits, such as 
anti-oxidation, anti-inflammation, cardiovascular protective 
effects, and neuroprotection (11). Studies have shown that 
chlorogenic acid is beneficial for treating many diseases, 
especially those that are chronic and related to aging (11). 
It is important to note that many diseases associated with 
therapeutic benefit to chlorogenic acid express abnormally 
high levels of CHIT1 and CHI3L1 protein, including asthma, 
pulmonary fibrosis, neurological disorders, and cancer (2, 
3, 7). Scientists have usually explained the therapeutic 
effects by pointing to chlorogenic acid’s strong antioxidant 
activity and its general ability to reduce inflammation (10, 11). 
However, the close match between the diseases ameliorated 
by chlorogenic acid and the diseases driven by CHIT1 and 
CHI3L1 suggests a more direct link might be possible.
	 Therefore, we hypothesized that chlorogenic acid binds 
strongly to CHIT1 and CHI3L1, which could lead to interference 
of their functions. Specifically, we wondered whether 
chlorogenic acid could act as a direct inhibitor by binding 
the active site of CHIT1. To test this hypothesis, we used a 
computer method called molecular docking. This technique 
predicts how a small molecule fits into the three-dimensional 
structure of a protein and calculates how tightly it binds (12). 
In this study, our results showed that chlorogenic acid binds 
CHIT1 and CHI3L1 with high predicted affinity comparable 
to known inhibitors, and that this binding is specific rather 
than general across proteins. Docking further indicated that 
chlorogenic acid engages functional sites on both proteins, 
suggesting potential inhibitory activity. These findings 
identified chlorogenic acid as a promising small molecule 
candidate for modulating chitinase-related pathways, with 
possible relevance to diseases in which these proteins play a 
role.

Computational prediction of chlorogenic acid binding 
to disease-linked proteins CHIT1 and CHI3L1

SUMMARY
Chlorogenic acid is a common dietary plant compound 
with health benefits for diseases such as asthma 
and fibrosis. Interestingly, the diseases in which 
chlorogenic acid shows benefits are also linked to 
high activity of the chitinase chitotriosidase-1 (CHIT1) 
and the signaling protein chitinase-3-like protein-1 
(CHI3L1), which binds to but cannot digest chitin. Given 
these associations, we hypothesized that chlorogenic 
acid binds strongly to CHIT1 and CHI3L1, which may 
inhibit their functions. To test this hypothesis, we 
used molecular docking, a computational method 
that predicts how molecules interact. Compared to 
known chitinase inhibitors and several other natural 
compounds, chlorogenic acid was predicted to bind 
strongly and specifically to both CHIT1 and CHI3L1. 
Importantly, the docking showed that chlorogenic 
acid binds to both CHIT1 and CHI3L1 at their chitin-
binding regions, which are critical for their biological 
functions, similarly to the known inhibitors of these 
two proteins. Our results suggest a novel molecular 
mechanism for chlorogenic acid, going beyond the 
antioxidant activity that is well-known to underlie its 
benefits in diseases. Our study provides a testable 
foundation for future experiments to validate these 
interactions and explore whether targeting these 
proteins could lead to new therapeutic strategies for 
a range of chronic diseases. 

INTRODUCTION
	 Chitin is a highly abundant, natural polymer of 
N-acetylglucosamine, providing important support for 
arthropod exoskeletons, fungal cell walls, and nematode 
eggs (1). To break down this tough material, enzymes 
called chitinases are produced by many organisms, such 
as bacteria, plants, and animals (1). Humans produce not 
only active chitinases such as chitotriosidase-1 (CHIT1), but 
also chitinase-like proteins such as chitinase-3-like protein 
1 (CHI3L1) that bind to chitin but cannot digest it (2, 3). In 
humans, these chitinase-like proteins are important because 
they regulate inflammation, and their abnormal expression 
is linked to many diseases (2, 3). Either binding to chitin or 
mutational disruption of the chitin-binding domain prevents 
chitinase-like proteins from interacting with their normal 
partners, thereby hindering their functions (4-6). Chitinases 
and CHI3L1 are increasingly recognized as key players in 
various diseases. High levels of CHIT1 are correlated not 
only with fibrosis but also inflammation (3, 7). Abnormally 
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RESULTS
	 In silico molecular docking has been a powerful tool in 
drug discovery for decades. First developed in the early 1980s 
with programs like DOCK, this method allows researchers to 
predict ligand binding by calculating complementary shapes 
and chemical features between the molecule and protein (13). 
Today, docking is widely used to screen compound libraries, 
identify potential binding sites, and guide experimental 
research (14). We performed molecular docking to assess the 
binding of chlorogenic acid to CHI3L1 that has the Protein Data 
Bank (PDB) ID of 1NWR and CHIT1 (PDB ID: 1LQ0). While 
both CHIT1 and CHI3L1 have known chitin-binding domains, 
compounds binding to other sites of the protein might also 
affect the proteins’ functions, such as by blocking the interface 
of protein-protein interaction. Therefore, our docking analyses 
were initially performed as blind docking, meaning that the 
entire protein surface was searched without specifying a 

Figure 1: Molecular docking predicted strong binding of 
chlorogenic acid to chitotriosidase-1 (CHIT1). The bar graph 
shows Vina scores for the compounds studied. A more negative 
score indicates stronger and more favorable binding. Allosamidin 
and bisdionin F are known inhibitors of chitinases and serve as 
positive controls. The predicted binding free energy difference (ΔΔG) 
shown on the left are values compared to that of chlorogenic acid. 

Figure 2: Chemical structures of chlorogenic acid and the other compounds studied. Chemical structures of the compounds studied 
with all chemical bonds shown in black. Each compound is labeled with its name below its chemical structure.
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predefined binding site. Molecular docking results are given 
as Vina scores (12). The Vina score typically appears as a 
negative number for favorable binding interactions because it 
approximates the predicted binding free energy (ΔG) between 
molecules. A more negative score indicates stronger and 
more favorable binding. However, in cases where interactions 
are unfavorable (e.g., repulsive electrostatic forces), the score 
can be positive. Additionally, while the Vina score is useful for 
ranking binding affinities of different poses or ligands at the 
same binding site, it should be interpreted as a relative rather 
than an absolute thermodynamic value. Molecular docking of 
chlorogenic acid to CHIT1 resulted in a Vina score of -8.4 
kcal/mol; in comparison, docking CHIT1 with bisdionin F and 
allosamidin, two known inhibitors of chitinases, resulted in 
Vina scores of -8.1 kcal/mol and -8.5 kcal/mol, respectively 
(Figure 1) (15, 16). These results suggested that chlorogenic 
acid can bind as strongly as the known inhibitors to CHIT1. 
Chlorogenic acid has one aromatic ring, while bisdionin F has 
two, and allosamidin has none (Figure 2). Aromatic rings can 
contribute to ligand-protein interactions because they often 
participate in Pi-stacking or hydrophobic interactions with 
aromatic residues in the protein. These three compounds 
also differ in the types and amounts of polar groups, such 
as -OH and -COOH, which make them hydrophilic. Despite 
these differences, the three compounds yielded comparable 
binding scores, suggesting that chlorogenic acid can bind as 
strongly as the known inhibitors to CHIT1, though potentially 
via different chemical interactions
	 We wondered whether CHIT1 would show strong 
Vina scores when docking any compound. Hence, in 
addition to chlorogenic acid, we also performed molecular 
docking of CHIT1 with other compounds, including 
4-hydroxybenzaldehyde, (2-propan-2-yloxyphenyl) 
4-fluorobenzoate, and 5-methoxy-1-benzofuran (Figure 2). 
These compounds were randomly selected from a published 
database of natural compounds (17). Molecular docking of 
these compounds to CHIT1 resulted in Vina scores ranging 
from -4.4 kcal/mol to -5.2 kcal/mol (Figure 1). Based on 
the relationship ΔΔG = -RT ln(Kd2/Kd1), in which Kd is the 
equilibrium dissociation constant measuring how tightly a 
ligand binds to its target, the differences between Vina scores 

corresponded to approximately 222- to 860-fold stronger 
binding affinity for chlorogenic acid compared to the control 
compounds. In addition, we performed molecular docking of 
CHIT1 with caffeic acid and quinic acid, the two compounds 
that result from metabolic breakdown of chlorogenic acid 
(Figure 2) (18). The docking yielded Vina scores of -6.1 kcal/
mol for caffeic acid and -5.6 kcal/mol for quinic acid (Figure 
1). Chlorogenic acid is essentially caffeic acid and quinic acid 
linked by an ester bond (Figure 2). The lower binding scores 
of the two fragments suggested that the full molecule binds 
more strongly than either fragment alone, likely because it 
combines the favorable interactions of both parts with CHIT1.
We also asked whether chlorogenic acid would show strong 
Vina scores when docking to any protein. We performed 
molecular docking of chlorogenic acid to human neutrophil 
elastase (HNE, PDB ID: 3Q76) and human neutrophil 
defensin 1 (HNP-1, PDB ID: 3GNY), which were randomly 
chosen from the PDB database (19). The docking resulted in 
Vina scores of -6.6 kcal/mol and -4.8 kcal/mol for HNE and 
HNP-1, respectively (Figure 3). These values corresponded 
to 21- and 439-folds lower binding affinity compared to 
the -8.4 kcal/mol score when docking chlorogenic acid to 
CHIT1. In order to further examine the binding specificity of 
chlorogenic acid to chitinases, we also performed docking 
with the human acidic mammalian chitinase (AMCase, PDB: 
3FXY) and the mouse chitinase-3-like protein 3 (CHI3L3, 
PDB: 1VF8). Chlorogenic acid was predicted to bind AMCase 
and CHI3L3 with Vina scores of -7.7 kcal/mol and -7.9 kcal/
mol, respectively, whereas the corresponding binding scores 
for bisdionin F were -7.5 kcal/mol and -7.1 kcal/mol (Figure 
3). Therefore, chlorogenic acid was consistently predicted 
to bind to chitinases and chitinase-like proteins with high 
affinity comparable to bisdionin F. Altogether, the docking 
results showed that the predicted strong binding affinity of 
chlorogenic acid to CHIT1 is a specific protein-ligand relation.
We next performed molecular docking of the compounds with 
CHI3L1. Similar to the observations with CHIT1, chlorogenic 
acid showed strong binding affinity to CHI3L1, as shown by 
the Vina scores of -7.9 kcal/mol (Figure 4). Similarly, bisdionin 
F and allosamidin showed Vina scores of -7.6 kcal/mol and 
-7.4 kcal/mol, respectively. In contrast, the other 5 examined 

Figure 3: Chlorogenic acid showed binding specificity to CHIT1 
and chitinase-3-like protein-1 (CHI3L1).  The bar graph shows 
Vina scores for docking of chlorogenic acid or bisdionin F to the six 
proteins studied, indicated by different patterns. A more negative 
score indicates stronger and more favorable binding. The ΔΔG 
shown on the left are values compared to that of docking chlorogenic 
acid to 1LQ0 (CHIT1).

Figure 4: Molecular docking predicted strong binding of 
chlorogenic acid to CHI3L1. The bar graph shows Vina scores 
for docking of the compounds to CHI3L1. A more negative score 
indicates stronger and more favorable binding. Allosamidin and 
bisdionin F are known inhibitors of chitinases and serve as positive 
controls. The ΔΔG shown on the left are values compared to that of 
chlorogenic acid. 
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compounds showed Vina scores ranging from -4.6 kcal/
mol to -5.8 kcal/mol. These values corresponded to 35- and 
264-fold lower binding affinity compared to chlorogenic acid. 
Therefore, molecular docking predicted a specific protein-
ligand relationship between chlorogenic acid and CHI3L1.
	 To understand how the binding of chlorogenic acid may 
affect CHIT1, we visualized the blind docking results by using 
Discovery Studio and Pymol (20, 21), to know the protein 
residues that interact with chlorogenic acid. Blind docking 
predicted that chlorogenic acid binds to CHIT1 at the protein’s 
active site, involving the key residues including Glu-140, Asp-
213, and Trp-31 (Figure 5A) (15). Because blind docking 
may be less predictive than more restricted experiments, 
we further performed restricted docking by centering on 
the active site of CHIT1 with the grid box being around one 
tenth of the blind docking. The grid box defines the three-
dimensional region of the protein where the docking algorithm 
searches for possible ligand binding configurations. While the 
blind docking Vina score was -8.4 kcal/mol for chlorogenic 
acid’s binding to CHIT1, the restricted docking Vina score was 
-8.5 kcal/mol (Figure 5B). Compared to blind docking, the 
restricted docking predicted that the binding of chlorogenic 
acid to CHIT1 takes a slightly different conformation, involving 
more amino acid residues known to be important within the 
active site, including not only Pi-Pi stacked interaction with 

Trp-31 and conventional hydrogen bonds with Glu-140 and 
Asp-213, but also Pi-Sigma interaction with Asn-100 and 
a conventional hydrogen bond with Trp-358 (Figure 5B). 
In addition, chlorogenic acid forms hydrogen bonds with 
Gly-97, Tyr-267, and Arg-269. The same restricted docking 
predicted that both bisdionin F and allosamidin also bind to 
CHIT1’s active site, interacting with key residues such as 
Asp-213 and Trp-358 (Figure 6). Compared to chlorogenic 
acid, both bisdionin F and allosamidin were predicted to form 
fewer hydrogen bonds but more other types of interactions, 
including Pi-Pi and Pi-Sigma interactions, resulting in Vina 
scores similar to chlorogenic acid. In contrast, the much 
weaker binding of the other compounds to CHIT1 was 
shown by not only fewer hydrogen bonds but by unfavorable 
interactions, as exemplified by caffeic acid, quinic acid, and 
4-hydroxybenzaldehyde (Figure 6). Therefore, chlorogenic 
acid is predicted to act as a direct inhibitor of CHIT1 by binding 
directly to the active site. 
	 We next performed restricted docking of chlorogenic acid 
to CHI3L1. The results showed that chlorogenic acid binds 
the chitin-binding site of CHI3L1 (22), forming conventional 
hydrogen bonds and Pi-Pi stacked interactions with key 
residues including Trp-31, Trp-69, Arg-263, and Trp-352 
(Figure 7). It has been reported that a chemical inhibitor, 
K284, binds to the chitin-binding site of CHI3L1, thereby 
blocking CHI3L1 binding to its receptor IL-13Rα2 and 
resulting in suppression of CHI3L1 signaling and cancer cell 
growth (5). Restricted docking also showed that K284 binds 
to the chitin-binding site of CHI3L1, involving the key residues 
including Trp-99, Trp-212, Arg-263, and Trp-352 (Figure 
8). We compared chlorogenic acid with K284. Chlorogenic 
acid is smaller than K284, and its CHI3L1 binding site largely 
overlaps with a part of the binding site of K284 (Figure 8). 
While K284 showed a Vina score of -9.0 kcal/mol with 
CHI3L1, chlorogenic acid showed -8.5 kcal/mol (Figure 7, 8). 
Taken together, these results suggested that chlorogenic acid 
binding to CHI3L1 may act as an inhibitor, like K284. 

DISCUSSION
	 We tested the hypothesis that chlorogenic acid, a common 
compound in the human diet with known therapeutic benefits, 
might work by directly interacting with CHIT1 and CHI3L1 (10, 
11). Using molecular docking, we provided computational 
evidence predicting that chlorogenic acid could bind to both 
CHIT1 and CHI3L1. More importantly, our analysis predicted 
that chlorogenic acid binds directly to the catalytic active site 
of CHIT1 and the chitin-binding domain of CHI3L1. These 
results strongly suggest that chlorogenic acid may function as 
both a direct, competitive inhibitor of CHIT1 enzymatic activity 
and an inhibitor of CHI3L1 signaling function. Therefore, 
the merging of our computational evidence with the known 
biological activities of chlorogenic acid presents a novel and 
mechanistically coherent explanation for its role in human 
health. 
	 For a long time, scientists have explained the health 
benefits of chlorogenic acid mostly by its antioxidant activity 
(11). While protection against oxidative damage is critical, 
our results suggest a more specific possibility. Based on 
our findings, scientists may want to experimentally test 
the hypothesis that chlorogenic acid might also work by 
directly targeting CHIT1 and CHI3L1 in ameliorating related 
diseases such as severe asthma and other inflammatory or 

Figure 5: Chlorogenic acid is predicted to bind the activity 
center of CHIT1. The chlorogenic acid molecule is shown in light 
blue, with red bonds indicating the presence of oxygen atoms. The 
CHIT1 amino acid residues that interact with chlorogenic acid are 
highlighted in green and labeled. The types of molecular interactions 
are indicated by dashed lines with different color codes. Panel A and 
Panel B are blind docking and restricted docking, respectively.
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immunological diseases. While a detailed pharmacokinetic 
analysis is outside the scope of this study, it is worth noting 
that oral chlorogenic acid has limited bioavailability (18, 23), 
though alternative routes such as nasal administration can 
dramatically improve delivery to lung tissues (24). Thus, 
formulation and delivery methods should be considered in 
future experimental validation of our computational findings.
	 CHIT1 is a classic enzyme with a direct functional site. 
Our model predicts chlorogenic acid binds to CHIT1 in the 
enzyme active site, which would physically block CHIT1’s 
enzyme function. Future studies should measure the effects 
of chlorogenic acid on CHIT1 activity. Unlike CHIT1, CHI3L1 
functions as a signaling molecule instead of a working enzyme 
(2), but the chitin-binding domain is important for CHI3L1 to 
bind its own receptor and consequently activating its signaling 
function. As chlorogenic acid is predicted to bind to CHI3L1 at 
the chitin-binding domain, it would also be interesting to see 
whether site-directed mutagenesis of the key residues can 
abolish chlorogenic acid’s binding to the protein.
	 Our docking predictions used two independent strategies 
and showed consistency. First, we performed blind docking 
without providing any prior information about the binding 
site. This approach independently placed chlorogenic acid 
at the catalytic active site of CHIT1. We then performed 

Figure 6: Comparison between chlorogenic acid and the other compounds docking with CHIT1. Restricted docking was performed 
for CHIT1 (PDB ID: 1LQ0) with the compounds. The types of molecular interactions are indicated by dashed lines with different color codes.

Figure 7: Chlorogenic acid is predicted to bind CHI3L1 at 
the chitin-binding domain. Restricted molecular docking was 
performed for chlorogenic acid with CHI3L1 (PDB ID: 1NWR). 
The chlorogenic acid molecule is shown in green, with red bonds 
indicating the presence of oxygen atoms. The CHI3L1 amino acid 
residues that interact with chlorogenic acid are highlighted in bright 
blue and labeled. The types of molecular interactions are indicated 
by dashed lines with different color codes.
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restricted docking by centering the search on this region. This 
second approach produced a similar binding conformation 
with comparable affinity (-8.5 vs. -8.4 kcal/mol) and largely 
involved the same key catalytic residues. The fact that two 
independent docking protocols converged on the same 
functional site strongly suggests that our predicted binding 
mode is reproducible. This convergence reinforces our 
confidence that chlorogenic acid specifically targets the 
active site of CHIT1 and the chitin-binding domain of CHI3L1.
Our in silico findings provide evidence of a molecular 
mechanism driving the health benefits of chlorogenic acid. 
The dual role of chlorogenic acid, involving direct enzyme 
inhibition for CHIT1 and signal disruption for CHI3L1, offers 
a new perspective for understanding this important dietary 
compound. It is important to acknowledge that our study is 
conducted entirely through computer modeling. It invites 
further experiments to confirm our computational predictions 
of chlorogenic acid’s true target, which could eventually help 
to develop new therapeutic strategies.

MATERIALS AND METHODS
Data used
	 The 3D structures of the human chitinase CHIT1 (PDB 
ID: 1LQ0), the human chitinase-like protein CHI3L1 (PDB 
ID: 1NWR), the human acidic mammalian chitinase AMCase 
(PDB: 3FXY), the mouse chitinase-like protein CHI3L3 (PDB: 
1VF8), the human neutrophil elastase (PDB ID: 3Q76) and the 
human neutrophil defensin 1 (PDB ID: 3GNY) were obtained 
from the Protein Data Bank (PDB) database (19). The 3D 

structures of the examined compounds were obtained from 
PubMed as SDF files, then converted to mol2 files using 
OpenBabel-2.4.1 reported by O’Boyle et al. (25). 

Docking analysis
	 Molecular docking was performed by using 
AutoDockTools-1.5.7 reported by Trott and Olson (12). The 
docking analyses were initially performed as blind docking 
(Figures 1, 3, and 4). Subsequently, restricted docking was 
performed at the active region of CHIT1 and the chitin-binding 
domain of CHI3L1, which were identified as the best binding 
sites of chlorogenic acid during blind docking (Figures 5-8). 
For blind docking, all grid box sizes were set as x = 126, y =126, 
and z = 126. The grid spacing was 0.375 Å. The coordinate 
center parameters were as follows, 1NWR (x = -28.118, y = 
12.024, z = 63.415); 1LQ0 (x = 75.364, y = 36.123, z = 38.972); 
3Q76 (x = 108.707, y = 89.904, z = 49.431); 3GNY (x = 2.473, 
y = -35.402, z = -0.729). For restricted docking, grid box sizes 
were set as x = 60, y = 60, and z = 60, yielding a grid box 
approximately one-tenth of the blind docking grid box. The 
coordinate center parameters were as follows, 1NWR (x = 
40.727, y = -1.863, z = 31.574); 1LQ0 (x = 73.22, y = 42.684, z 
= 40.81). 

Data visualization
	 To show the protein residues that interact with chlorogenic 
acid, the docking results were opened in Discovery Studio 
25.1.0.0 for visualization by 2D diagram (20). The residue 
information was then used in Pymol 2.6.2.0 to obtain the 3D 
diagram. The Vina score results were analyzed and plotted to 
make figures using Microsoft Excel. The chemical structures 
were drawn using Microsoft PowerPoint.

Received: November 8, 2025
Accepted: June 30, 2026
Published: August 27, 2026

REFERENCES
1.	 Patel, Seema and Goyal, Arun. “Chitin and chitinase: 

Role in pathogenicity, allergenicity and health.” 
International Journal of Biological Macromolecules, vol. 
97, Apr. 2017, pp. 331-338. https://doi.org/10.1016/j.
ijbiomac.2017.01.042 

2.	 Zhao, Ting, et al. “Chitinase-3 like-protein-1 function and 
its role in diseases.” Signal Transduction and Targeted 
Therapy, vol. 5, no. 201, 14 Sep. 2020. https://doi.
org/10.1038/s41392-020-00303-7 

3.	 Lee, Suh-Young, et al. “Targeting Chitinase 1 and 
Chitinase 3-Like 1 as Novel Therapeutic Strategy of 
Pulmonary Fibrosis.” Frontiers in Pharmacology, vol. 
13, no. 826471, 17 Mar. 2022. https://doi.org/10.3389/
fphar.2022.826471 

4.	 Chen, Chun-Chuan, et al. “Carbohydrate-binding motif in 
chitinase 3-like 1 (CHI3L1/YKL-40) specifically activates 
Akt signaling pathway in colonic epithelial cells.” Clinical 
Immunology, vol. 140, no. 3, Sep. 2011, pp. 268-275. 
https://doi.org/10.1016/j.clim.2011.04.007 

5.	 Lee, Yong S., et al. “A small molecule targeting CHI3L1 
inhibits lung metastasis by blocking IL-13Rα2-mediated 
JNK-AP-1 signals.” Molecular Oncology, vol. 16, no. 2, 
Jan. 2022, pp. 508-526. https://doi.org/10.1002/1878-
0261.13138 

Figure 8: Comparison between chlorogenic acid and K284 in 
binding CHI3L1. Restricted molecular docking was performed 
for chlorogenic acid and K284 with CHI3L1 (PDB ID: 1NWR). A) 
Chlorogenic acid's binding site largely overlaps with a part of the 
binding site of K284. The chlorogenic acid molecule is shown in 
yellow, with red bonds indicating the presence of oxygen atoms. K284 
is shown in green, with red and blue bonds indicating the presence 
of oxygen and nitrogen atoms, respectively. CHI3L1 is shown in light 
purple. B) 2D diagram of the binding of K284 to CHI3L1. The types 
of molecular interactions are indicated by dashed lines with different 
color codes. 

https://doi.org/10.1016/j.ijbiomac.2017.01.042
https://doi.org/10.1016/j.ijbiomac.2017.01.042
https://doi.org/10.1038/s41392-020-00303-7
https://doi.org/10.1038/s41392-020-00303-7
https://doi.org/10.3389/fphar.2022.826471
https://doi.org/10.3389/fphar.2022.826471
https://doi.org/10.1016/j.clim.2011.04.007
https://doi.org/10.1002/1878-0261.13138
https://doi.org/10.1002/1878-0261.13138


27 AUGUST 2026  |  VOL 9  |  7Journal of Emerging Investigators  •  www.emerginginvestigators.org

https://doi.org/10.59720/26-035

6.	 Salembier, Robbe, et al. “Chitin-mediated blockade of 
chitinase-like proteins reduces tumor immunosuppression, 
inhibits lymphatic metastasis and enhances anti-PD-1 
efficacy in complementary TNBC models.” Breast Cancer 
Research, vol. 26, no. 1, 11 Apr. 2024, article no. 63. 
https://doi.org/10.1186/s13058-024-01815-8 

7.	 Cha, Jung H., et al. “Chitinase 1: a novel therapeutic target 
in metabolic dysfunction-associated steatohepatitis.” 
Frontiers in Immunology, vol. 15, no. 1444100, 23 Sep. 
2024. https://doi.org/10.3389/fimmu.2024.1444100 

8.	 Yu, Ji E., et al. “Significance of chitinase-3-like protein 1 in 
the pathogenesis of inflammatory diseases and cancer.” 
Experimental & Molecular Medicine, vol. 56, no. 1, Feb. 
2024, pp. 1-18. https://doi.org/10.1038/s12276-023-
01131-9 

9.	 Kang, Sohi, et al. “Chlorogenic Acid as a Promising 
Therapeutic for Multiple Sclerosis: Evidence from an 
Experimental Autoimmune Encephalomyelitis Model.” 
Journal of Biological Regulators and Homeostatic 
Agents, vol. 38, no. 4, no. 7996, Apr. 2024. https://doi.
org/10.23812/j.biol.regul.homeost.agents.20243804.264

10.	 Naveed, Muhammad, et al. “Chlorogenic acid (CGA): A 
pharmacological review and call for further research.” 
Biomedicine & Pharmacotherapy, vol. 97, Jan. 2018, pp. 
67-74. https://doi.org/10.1016/j.biopha.2017.10.064 

11.	 Nguyen, Vi, et al. “Chlorogenic Acid: A Systematic Review 
on the Biological Functions, Mechanistic Actions, and 
Therapeutic Potentials.” Nutrients, vol. 16, no. 924, 23 
Mar. 2024. https://doi.org/10.3390/nu16070924 

12.	 Trott, Oleg and Olson, Arthur J. “AutoDock Vina: improving 
the speed and accuracy of docking with a new scoring 
function, efficient optimization, and multithreading.” 
Journal of Computational Chemistry, vol. 31, no. 2, 30 
Jan. 2010, pp. 455-461. https://doi.org/10.1002/jcc.21334  

13.	 Kuntz, Irwin D., et al. “A geometric approach to 
macromolecule-ligand interactions.” Journal of Molecular 
Biology, vol. 161, no. 2, Oct. 1982, pp. 269-288. https://
doi.org/10.1016/0022-2836(82)90153-x 

14.	 Pinzi, Luca and Rastelli, Giulio. “Molecular Docking: 
Shifting Paradigms in Drug Discovery.” International 
Journal of Molecular Sciences, vol. 20, no. 4313, 4 Sep. 
2019. https://doi.org/10.3390/ijms20184331

15.	 Fusetti, Fabrizia, et al. “Structure of human chitotriosidase. 
Implications for specific inhibitor design and function of 
mammalian chitinase-like lectins.” Journal of Biological 
Chemistry, vol. 277, no. 28, 12 Jul. 2002, pp. 25537-
25544. https://doi.org/10.1074/jbc.M201636200 

16.	 Sutherland, Tara E., et al. “Analyzing airway inflammation 
with chemical biology: dissection of acidic mammalian 
chitinase function with a selective drug-like inhibitor.” 
Chemistry & Biology, vol. 18, no. 5, 27 Mar. 2011, pp. 
569-579. https://doi.org/10.1016/j.chembiol.2011.02.017 

17.	 Kemmler, Emanuel, et al. “mVOC 4.0: a database of 
microbial volatiles.” Nucleic Acids Research, vol. 53, 
no. D1, 30 Oct. 2024, pp. D1692-D1696. https://doi.
org/10.1093/nar/gkae961 

18.	 Gonthier, Marie-Paule, et al. “Chlorogenic acid 
bioavailability largely depends on its metabolism by the 
gut microflora in rats.” The Journal of Nutrition, vol. 133, 
no. 6, Jun. 2003, pp. 1853-1859. https://doi.org/10.1093/
jn/133.6.1853 

19.	 Berman, Helen M., et al. “The Protein Data Bank.” Nucleic 

Acids Research, vol. 28, 1 Jan. 2000, pp. 235-242. https://
doi.org/10.1107/s0907444902003451 

20.	 BIOVIA Discovery Studio Visualizer (BIOVIA_
DS2025Client.exe), Dassault Systèmes. Available at: 
https://discover.3ds.com/discovery-studio-visualizer-
download 

21.	 The PyMOL Molecular Graphics System (PyMOL-2.6.2-
Windows-x86.exe), Schrödinger, LLC. Available at: http://
www.pymol.org/pymol 

22.	 Fusetti, Fabrizia, et al. “Crystal structure and 
carbohydrate-binding properties of the human cartilage 
glycoprotein-39.” Journal of Biological Chemistry, vol. 
278, no. 39, Sep. 2003, pp. 37753-37760. https://doi.
org/10.1074/jbc.M303137200 

23.	 Clifford, Michael N., et al. “Bioavailability and metabolism 
of chlorogenic acids (acyl-quinic acids) in humans.” 
Comprehensive Reviews in Food Science and Food 
Safety, vol. 19, no. 4, Jul. 2020, pp. 1299-1352. https://
doi.org/10.1111/1541-4337.12518  

24.	 Jain, Siddhi, et al. “Targeting TLR4/3 using chlorogenic 
acid ameliorates LPS+POLY I:C-induced acute 
respiratory distress syndrome via alleviating oxidative 
stress-mediated NLRP3/NF-κB axis.” Clinical Science, 
vol. 137, no. 10, 31 May 2023, pp. 785-805. https://doi.
org/10.1042/CS20220625    

25.	 O’Boyle, Noel M., et al. “Open Babel: An open chemical 
toolbox.” Journal Of Cheminformatics, vol. 3, no. 33, 7 
Oct. 2011. https://doi.org/10.1186/1758-2946-3-33  

Copyright: © 2026 Zhang and Wang. All JEI articles 
are distributed under the attribution non-commercial, no 
derivative license (http://creativecommons.org/licenses/
by-nc-nd/4.0/).  This means that anyone is free to share, 
copy and distribute an unaltered article for non-commercial 
purposes provided the original author and source is credited.

https://doi.org/10.1186/s13058-024-01815-8
https://doi.org/10.3389/fimmu.2024.1444100
https://doi.org/10.1038/s12276-023-01131-9
https://doi.org/10.1038/s12276-023-01131-9
https://doi.org/10.23812/j.biol.regul.homeost.agents.20243804.264
https://doi.org/10.23812/j.biol.regul.homeost.agents.20243804.264
https://doi.org/10.1016/j.biopha.2017.10.064
https://doi.org/10.3390/nu16070924
https://doi.org/10.1002/jcc.21334
https://doi.org/10.1016/0022-2836(82)90153-x
https://doi.org/10.1016/0022-2836(82)90153-x
https://doi.org/10.3390/ijms20184331
https://doi.org/10.1074/jbc.M201636200
https://doi.org/10.1016/j.chembiol.2011.02.017
https://doi.org/10.1093/nar/gkae961
https://doi.org/10.1093/nar/gkae961
https://doi.org/10.1093/jn/133.6.1853
https://doi.org/10.1093/jn/133.6.1853
https://doi.org/10.1107/s0907444902003451
https://doi.org/10.1107/s0907444902003451
https://discover.3ds.com/discovery-studio-visualizer-download
https://discover.3ds.com/discovery-studio-visualizer-download
http://www.pymol.org/pymol
http://www.pymol.org/pymol
https://doi.org/10.1074/jbc.M303137200
https://doi.org/10.1074/jbc.M303137200
https://doi.org/10.1111/1541-4337.12518
https://doi.org/10.1111/1541-4337.12518
https://doi.org/10.1042/CS20220625
https://doi.org/10.1042/CS20220625
https://doi.org/10.1186/1758-2946-3-33

