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Abstract: The heat shock protein 90 (Hsp90) protein family is a cluster of highly conserved molecules that
play an important role in maintaining cellular homeostasis. Hsp90 and its co-chaperones regulate a variety of
pathways and cellular functions, such as cell growth, cell cycle control and apoptosis. Hsp90 is closely associated
with the occurrence and development of tumors and other diseases, making it an attractive target for cancer
therapeutics. Inhibition of Hsp90 expression can affect multiple oncogenic pathways simultaneously. Most Hsp90
small molecule inhibitors are in clinical trials due to their low efficacy, toxicity or drug resistance, but they have
obvious synergistic anti-tumor effect when used with histone deacetylase (HDAC) inhibitors, tubulin inhibitors or
topoisomerase II (Topo II) inhibitors. To address this issue, the design of Hsp90 dual-target inhibitors can improve
efficacy and reduce drug resistance, making it an effective tumor treatment strategy. In this paper, the domain and
biological function of Hsp90 are briefly introduced, and the design, discovery and structure-activity relationship of
Hsp90 dual inhibitors are discussed, in order to provide reference for the discovery of novel Hsp90 dual inhibitors
and clinical drug research from the perspective of medicinal chemistry.
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Figure 3 The genome and protein structure of members of the Hsp90 family. (A) A schematic diagram of the genomic structure of human

Hsp90 subtypes; (B) Domain structure diagrams of human Hsp90 a, f, Grp94, Hsp90N and Trapl; (C) Proposed domain structure of Hsp90

dimer
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Figure 4 Representative structure of Hsp90 ATP inhibitors. (A) Chemical structure of Hsp90 N-terminal ATP inhibitors containing ansamy-

cin, resorcinol, purine or benzamide stents; (B) Chemical structure of natural Hsp90 C-terminal ATP inhibitors and their derivatives
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Figure 6 Biological processes related to Hsp90 and its customer proteins
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Figure 7 The application of small molecular dual inhibitors of Hsp90 and other oncoproteins in cancer therapy
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Figure 8 Dual inhibitors of Hsp90 and HDAC6. (A) Chemical structure of HSP90 and HDAC6 dual inhibitors; (B) The binding mode of
compound 1 with HSP90a (PDB: 2CCU); (C) The binding mode of compound 1 with HDAC6 (PDB: 5EDU); (D) The binding mode of
compound 3 with Hsp90a (PDB: 2CCU); (E) The binding mode of compound 3 with HDAC6 (PDB: SEDU). Proteins are represented by

gray bands, and contact residues of compounds are represented by green bands. The compound is shown as a rod and colored according to

the atomic type (C: yellow; N: blue; O: red; S: brown). Green dotted line is hydrogen bond; orange dashed line is ion-PI interaction
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Figure 9 Dual target inhibitors of Hsp90 and tubulin. (A) Chemi-
cal structure of compound 4 and 5; (B) The binding mode of com-
pound 4 with Hsp90a (PDB: 2CCu); (C) The binding mode of
compound 4 with tubulin (PDB: 6F7C). Proteins are represented
by gray bands, and residues of contact compounds are represented
by green rods. Compounds are shown as rods and according to
atomic type (C: Yellow; N: Blue; O: Red; S: Brown). Green dotted

line is hydrogen bond; orange dashed line is ion-x interaction
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Figure 10 Dual inhibitors of Hsp90 and topoisomerase II. (A) Chemical structure of compound 6 and 7; (B) Chemical structures of natural

products 8; (C) The binding mode of compound 8 with Hsp90a (PDB: 2CCu); (D) The binding mode of compound 8 with topoisomerase 11

(PDB: 3FOF). Proteins are represented by gray bands, and residues of contact compounds are represented by green rods. Compounds are

shown as rods and according to atomic type (C: Yellow; N: Blue; O: Red; S: Brown). Green dotted line is hydrogen bond; orange dashed

line is ion-7 interaction
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Figure 11 Dual inhibitors of Hsp90 and PI3K. (A) Design strategy and chemical structure of compounds 9 and 10; (B) The binding mode
of compound 9 with HSP90a (PDB: 2CCU); (C) The binding mode of compound 9 with PI3K (PDB: 6PYS). The proteins are represented

by gray bands, and the residues of contact compounds are represented by green bars. The compound is shown as a rod and colored according

to the atomic type (C: yellow; N: blue; O: red; S: brown). Green dotted line is hydrogen bond; orange dashed line ision-PI interaction
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Figure 12 Dual inhibitors of Hsp90 and ALK. (A) Design strategy and chemical structure of compounds 13 and 14; (B) The binding mode
of compound 14 with HSP90a (PDB: 2CCU); (C) The binding mode of compound 14 with ALK (PDB: 4MKC). The proteins are repre-

sented by gray bands, and the residues of contact compounds are represented by green bars. The compound is shown as a rod and colored

according to the atomic type (C: Yellow; N: Blue; O: Red; S: Brown). Green dotted line is hydrogen bond; orange dashed line is ion-PI inter-

action
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Figure 13 Dual-target inhibitors of Hsp90 and other cancer-related targets. (A) Chemical structure of double-target inhibitors 15-17 of
Hsp90 and other cancer-related targets; (B) The binding mode of compound 15 with Hsp90a (PDB: 2CCU); (C) The binding mode of com-
pound 15 with BCR-ABL (PDB: 7DT2); (D) The binding mode of compound 16-2 with HSP90a (PDB: 2CCU); (E) The binding mode of
compound 16-2 with B-Raf (PDB: 4KSQ); (F) The binding mode of compound 17 with Hsp90a (PDB: 2CCU); (G) The binding mode of
compound 17 with PARP (PDB: 4ZZY). Proteins are represented by gray bands, and residues of contact compounds are represented by

green rods. Compounds are shown as rods and according to atomic type (C: Yellow; N: Blue; O: Red; S: Brown). Green dotted line is hydro-

gen bond; orange dashed line is ion-7 interaction
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Figure 14 Design strategy and chemical structure of heterobi-
functional BRD4-CHAMP based on Hsp90 inhibitors
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