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Advances in selective targeting of serine

hydrolases: A targeted covalent approach

against hCES2A mitigates irinotecan toxicity

in vivo
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The serine hydrolase (SH) superfamily, one of the largest

enzyme groups in mammals with over 200 members, is charac-

terized by a serine-containing catalytic triad within its active

site1. These enzymes hydrolyze amide and/or ester bonds

through a nucleophilic attack mediated by the catalytic serine

residue. SHs are expressed across various mammalian tissues and

play critical roles in diverse physiological and pathological

processes, including the regulation of lipid signaling, mainte-

nance of metabolic homeostasis, and drug activation and

detoxification. Aberrant SH activity has been implicated in

numerous diseases, such as metabolic syndromes, neuro-

degeneration, cancer, and drug-induced organ injury, making

these enzymes attractive targets for therapeutic intervention.

Indeed, many approved drugs function through the inhibition of

key SHs (e.g., acetylcholinesterase inhibitors for Alzheimer’s

disease; thrombin inhibitors for thrombosis, etc.)2. Nonetheless,

developing potent and specific SH inhibitors with favorable

drug-like properties remains a major challenge, primarily due to

the high degree of active site homology across this superfamily.

In this issue, Ge et al.3 present a comprehensive research

framework that led to the successful development of drug-like

targeted covalent inhibitors against a specific intestinal serine

hydrolase-human carboxylesterase 2A (hCES2A). Predominantly

expressed in epithelial cells of the small intestine and colon,

hCES2A metabolizes endogenous esters, as well as ester-

containing drugs and environmental toxins4—6. Increasing evi-

dence indicates that hCES2A plays a key role in first-pass drug

metabolism, which can result in the premature formation of toxic

metabolites, as exemplified by the anticancer prodrug irinotecan,

used in the treatment of various solid tumors. Specifically, SN-38,

a highly toxic metabolite of irinotecan, can accumulate in the

intestinal tract and induce severe diarrhea7,8. Hence, target inhi-

bition of hCES2A represents a viable strategy to ameliorate

irinotecan-triggered gastrointestinal toxicity (ITGT)9,10.

Ge and colleagues addressed this challenge by performing an

in silico high-throughput screening of 2000 FDA-approved drugs

to identify drug-like ligands of hCES2A, followed by in vitro

validation. Through multiple rounds of structure-based drug

design and optimization, the authors progressed from the initial

hit, donepezil, to develop a highly potent covalent hCES2A in-

hibitor, C3. Comprehensive pharmacological characterization of

C3 demonstrated anti-ITGT efficacy across multiple in vivo

models, along with favorable drug-like properties. Thorough

characterization of the pharmacological effects of C3 was per-

formed, showing anti-ITGT activity in different in vivo models of

the gut, coupled with desirable drug-like properties. Collectively,

this work demonstrates a structure-guided paradigm for

precision drug discovery via targeted covalent inhibition,

providing a scalable blueprint for targeting other pharmacologi-

cally relevant SHs.

Peer review under the responsibility of Chinese Pharmaceutical Association and Institute of Materia Medica, Chinese Academy of Medical Sciences.

https://doi.org/10.1016/j.apsb.2025.09.023

2211-3835 © 2025 Published by Elsevier B.V. on behalf of Chinese Pharmaceutical Association and Institute of Materia Medica, Chinese Academy of

Medical Sciences. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Chinese Pharmaceutical Association

Institute of Materia Medica, Chinese Academy of Medical Sciences

Acta Pharmaceutica Sinica B

www.elsev ie r.com/ loca te /apsb
www.sc iencedirec t . com

Acta Pharmaceutica Sinica B 2025;15(10):5491—5492



Both compound C3 and two additional hCES2A covalent in-

hibitors recently reported by the same team9,10 feature a carba-

mate warhead, introduced through modification of a phenolic

group on the lead compound to enable covalent engagement of the

catalytic serine. These carbamate-based inhibitors represent a

class of substrate-mimicking molecules that readily access the

enzyme’s catalytic cavity and are recognized as native substrates.

Following nucleophilic attack by the catalytic serine on the

carbamate group, the alcohol moiety is released, resulting in

permanent inactivation of hCES2A via carbamylation of the cat-

alytic serine. Interestingly, an additional serine residue within the

active site was also found to be susceptible to carbamylation by

C3.

This mechanism cleverly co-opts the enzyme’s catalytic ma-

chinery to modify the nucleophilic serine via a mild electrophile,

while leveraging substrate-like interactions specific to the archi-

tecture of the hCES2A active site to achieve selectivity. This

approach effectively reduces off-target activity against other ho-

mologous SHs, such as hCES1A, BuChE, and AChE, which were

also tested in this study. Overall, these findings establish a broadly

applicable framework that can be adapted for targeting other

pharmacologically important enzymes with tailored covalent in-

hibitors in the future.
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