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Trophoblast cell surface antigen 2 (Trop2) exhibits limited expression in normal tissues but is over-expressed across various solid tumors. The effectiveness of anti-Trop2 antibody-drug conjugate (ADC) in managing breast cancer validates Trop2 as a promising therapeutic target for cancer treatment. However, excessive toxicity and a low response rate of ADCs pose ongoing challenges. Safer and more effective strategies should be developed for Trop2-positive cancers. The dynamic structural attributes and the oligomeric assembly of Trop2 present formidable obstacles to the progression of innovative targeted therapeutics. In this review, we summarize recent advancements in understanding Trop2’s structure and provide an overview of the epitope characteristics of Trop2-targeted agents. Furthermore, we discuss the correlation between anti-Trop2 agents’ epitopes and their respective functions, particularly emphasizing their efficacy and specificity in targeted therapies.
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1 Introduction

Trop2, encoded by the TACSTD2 gene, is a type I surface glycoprotein (1, 2). It is also referred to as pancreatic carcinoma marker protein GA733–1/GA733, gastrointestinal tumor-associated antigen GA7331, epithelial glycoprotein-1 (EGP-1), membrane component chromosome 1 surface marker 1 (M1S1), CAA1, and TTD2 (3). Trop2 plays an essential role in the development of embryonic organs and shows restricted expression levels in normal tissues (4). Conversely, overexpressed Trop2 has been observed in various tumor types, including breast cancer (BC), non-small-cell lung cancer (NSCLC), oral squamous cell carcinoma (OSCC), salivary gland carcinomas (SGC), thyroid cancer (TC), gastric cancer (GC), pancreatic cancer (PC), gallbladder cancer, colorectal cancer (CRC), prostate cancer, ovarian cancer, cervical cancer and urothelial cancer (UC). It’s found that overexpression of Trop2 correlates with tumor invasion, metastasis, and poor prognosis (5–10). Numerous binding partners for Trop2 have been identified, including insulin-like growth factor 1 (IGF-1), claudins 1 and 7, cyclin D1, tumor necrosis factor α-converting enzyme (TACE), and protein kinase C (PKC). The anti-Trop2 ADC (Trodelvy ™, sacituzumab govitecan, SG), which has been approved in metastatic BC and metastatic UC, proves Trop2 to be a valid therapeutic target in tumor treatment (11–13). The positive results encourage the clinical development of innovative Trop2-targeted ADC (14, 15). However, the challenge remains due to their poor response and unfavorable risk-benefit profiles. Hence, there is an urgent need to develop safer and more effective strategies based on the biological and structural characteristics of Trop2. This review encapsulates recent advancements in Trop2 structural research, critically supporting further developments and facilitating future endeavors in the design of targeted therapeutics. Next, we proceed to explore the characteristics of epitopes for Trop2-targeted agents, highlighting the relationship between binding epitopes and their efficacy.




2 Structure of Trop2

The Trop2 protein, with a full length of 323 amino acids (AA), is composed of four domains, including a signal peptide (SP), an extracellular domain (ECD), a single transmembrane helix (TMD) and a cytoplasmic tail (ICD) (Figure 1A). These domains jointly enable the complex functionalities of Trop2, encompassing oligomerization, cell-cell communication and downstream signaling regulation. We subsequently summarize the recent advances in Trop2 structural studies, which will contribute to a deeper comprehension of the mechanisms underlying its oncogenic behaviors.




Figure 1 | Structures of Trop2. (A) Domain architecture of Trop2. (B) Structures of Trop2-ECD (PDB 7PEE) and EpCAM-ECD (PDB 4MZV). Superimposition of Trop2-ECD and EpCAM-ECD illustrates their similar conformations. The enlarged part shows high structural similarity between Trop2-ECD-CPD and EpCAM-ECD-CPD, with RMSD at 0.879 (Å) (C) Cis-dimer of Trop2-ECD (PDB 7E5N). (D) Trans-dimer of Trop2-ECD (PDB 7E5M). (E) Cis-tetramer of Trop2-ECD (PDB 7E5N). (F) Trans-tetramer of Trop2-ECD. This tetramer formation could be obtained via a simple symmetrical operation on trans-dimer. (G) Structure of Trop2-TMD from NMR and MD (PDB 2MAE). (H) Structures of non-phosphorylated (PDB 2MVL) and phosphorylated forms (PDB 2MVK) of Trop2-ICD.





2.1 Extracellular domain (ECD)

As the largest part of the molecule, Trop2-ECD (H27-T274) comprises three subdomains: a cysteine-rich domain (CRD), a thyroglobulin type-1 domain (TY), and a cysteine-poor domain (CPD). Trop2-ECD undergoes post-translational modification at four N-glycosylation sites (N33Q, N120Q, N168Q, and N208Q). Earlier studies employed conventional biochemical methods to investigate the structure and functions of Trop2, but these indirect approaches did not reveal the intricate molecular mechanisms underlying Trop2 biology. Recent advances in structural biology have enabled high-resolution structures of Trop2-ECD, providing structural insights into the oligomeric assembly of Trop2 (16, 17). Trop2-ECD shares 47.6% sequence identity with the ECD of epithelial cell adhesion molecule (EpCAM). Crystal analysis revealed that Trop2-ECD also presents a similar conformation to EpCAM-ECD with a root-mean-square deviation (RMSD) of 0.780 Å (Figure 1B). CRD’s stability is achieved via the formation of three disulfide bonds (C34-C53, C36-C66, and C44-C55), and another three disulfide bonds (C73-C108, C119-C125, C127-C145) provide stability to the TY domain. Two α-helices (α2, α3) and a βC sheet comprising four β ribbons (βC1-4) are observed in the C-termini of CPD. Notably, the extended loop between α3 and βC4 of Trop2-CPD demonstrates a conformation that is distinct from EpCAM (18, 19).

Utilizing two protein expression systems, Sun et al. demonstrated that Trop2-ECD can self-assemble to cis- or trans-dimers, and even tetramers (17). At the interface of cis-dimer, a complicated hydrogen bond interaction network forms between TY-loop of one monomer and the βC sheet of the other (Figure 1C). Contrarily, in the case of Trop2-ECD trans-dimer, the interaction is primarily mediated by the βC sheet of two monomers’ CPD, which covers a comparatively smaller surface area than cis-dimer (Figure 1D). The stability of trans-dimeric formation is facilitated by three hydrogen bonds interaction (R206-H152’, D157-Y259’, and D101-E197’). Superimposition of cis- and trans-dimers of Trop2-ECD reveals a pronounced overlapped interacting surface, indicating that these two formations could be mutually exclusive. Interestingly, the tetrameric assembly of two cis- or trans-dimers depends on the N-termini of CRD of Trop2-ECD, which has no spatial steric hindrance with the interface of dimerization (Figures 1E, F). This consequently provides a potential structural model to explain the large clustering of Trop2 on the tumor cell surface (5, 6, 20).

Tumor-specific proteolytic cleavage of Trop2, induced by ADAM10 at R87-T88 of TY domain, demonstrated an activator switch for tumor growth and metastasis (21, 22). These cleavage sites are accessible in both cis- and trans-dimerization of Trop2-ECD. Additionally, Trerotola et al. reported that this ADAM10-mediated cleavage might trigger a profound rearrangement of Trop2-ECD (22). Sun et al. used a truncated Trop2-△Q31-R88 protein to assess the cross-linking level of Trop2-ECD. The results showed that Trop2-ECD retains the ability of dimeric assembly, in which the free C108 of TY possibly forms disulfide bonds to stabilize the dimer post Q31-R88 depletion. The detailed assembly pattern of Trop2 following tumor-specific proteolytic cleavage needs further investigation. Additionally, another potential cleavage site between A193-V194 mediated by TACE/ADAM17 also remains accessible in the dimeric formations of Trop2-ECD (16, 23). Recently, Guerra et al. demonstrated that Trop-2, Na+/K+ ATPase, CD9, PKCα, and cofilin assemble a membrane signaling super-complex, driving CRC growth and invasion (24). The formation of the complex can initiate proteolytic cleavage of E-cadherin, remodel the β-actin cytoskeleton, and activate the downstream signaling pathways of Akt and ERK. Furthermore, the high expression level of Trop2-super-complex determines a poor disease outcome in CRC patients. The researcher speculated the assembly of this super-complex might be triggered by clustering and proteolytic cleavage of Trop2-ECD or other yet unidentified mechanisms.




2.2 Transmembrane domain (TMD) and intracellular domain (ICD)

Trop2-ECD is anchored to the membrane via a transmembrane helix domain (TMD), which links to the intracellular domain (ICD). However, the notable conformational flexibility poses difficulty in resolving the high-resolution structure of Trop2-TMD within the full-length Trop2. Pavšič et al. used the molecular dynamics (MD) approach in examining the spatial structural characteristics of Trop2-TMD as it is embedded in a lipid bilayer (25) (Figure 1G). The MD simulation of two canonical α-helices illustrated that Trop2-TM tends to form a transmembrane dimer, with a “VVVVV” motif (V282-V286) constituting the predominant interaction. This dimeric propensity of Trop2-TMD could bring the ICD of two Trop2 molecules closer, potentially facilitating the downstream Trop2 signaling activation (7).

Trop2-ICD, a cytoplasmic tail consisting of 26 amino acids (T298-L323), serves as core transmitting signaling. It contains a highly conserved phosphatidylinositol-4,5-bisphosphate (PIP2) binding sequence and two serine phosphorylation sites (S303 and S322), which can regulate the cell cycle progression and cell motility (26, 27). The intramembrane hydrolysis mediated by ADAM10 or TACE can induce the release of Trop2-ICD and then promote their accumulation in the nucleus, resulting in the upregulation of cyclin D1 and proto-oncogene c-myc (23). Nuclear magnetic resonance (NMR) structures of Trop2-ICD illustrated that the central amino acids (K305-L314) can form an α-helix. Through the comparison of non-phosphorylated and phosphorylated forms of Trop2-ICD, Pavšič et al. identified that phosphorylation (S303) of Trop2-ICD mediates salt bridge reshuffling, leading to pronounced conformational changes including ordering of the C-terminal tail (25) (Figure 1H). Moreover, this phosphorylation-triggered reorganization of Trop2-ICD could induce the formation of a hydrophobic cluster (I311, E316, and S322), leading to their association with membrane and providing accessibility for Trop2’s binding partners.





3 Functions and binding epitopes of Trop2-targeted agents

Despite Trop2’s identification as early as 1995, only in recent years did breakthroughs occur in Trop2-targeted therapies (13, 28–30). Various anti-Trop2 agents, including ADC, monoclonal antibody (mAb), bispecific antibody (biAb), fusion protein, and chimeric antigen receptor (CAR) T-cell therapy, have been developed to improve the clinical outcomes of patients with Trop2-positive tumors (31, 32). The large ECD makes it the ideal therapeutic target for anti-Trop2 agents that are engineered to interfere with oncogenic functions. Therefore, the primary direction of current Trop2-targeted therapeutics is agents based on antibodies (Table 1). Below, the epitopes of Trop2-targeted antibody-based agents are described and the efficacy and limitations of each strategy are discussed.


Table 1 | The Trop2-targeted antibodies in development.





3.1 Targeting CRD and TY domains of Trop2

Trop2-CRD is located on the N-terminal region of Trop2-ECD and is responsible for the tetrameric assembly of dimers. Thus, targeting epitopes of CRD possesses the capacity to interfere with the dynamic behavior of Trop2, leading to an interruption in Trop2 activation. In 2015, Ikeda et al. obtained an anti-Trop2 antibody, named Pr1E11, via an adenovirus-based antibody screening (33). The analysis of domain-deletion constructions of Trop2-ECD revealed that Pr1E11 recognizes a unique epitope at the CRD region. Although Pr1E11 demonstrated a weak internalization activity and had no inhibitory effects on tumor cell proliferation in vitro, it exhibited considerable antitumor activity due to better cell surface retention and ADCC in vivo (34). Pr1E11 was subsequently used to engineer a Trop2/CD3 biAb, comprising of the anti-CD3 mAb scFv inserting into Pr1E11 (47). This bispecific construct demonstrated potent tumor-killing activity and resulted in reduced induction of Th1 cytokines. These results indicate that Pr1E11, when used as a naked mAb, is insufficient to obstruct the growth of Trop2-positive tumor cells and its functionality depends on immune effects. Further study is required to determine whether the CRD-binding of Pr1E11 interferes with the oligomeric state of Trop2 on the tumor cell surface, a critical factor for Trop2-mediated tumor progression. K5-70, an anti-Trop2 mAb developed by Chiome Bioscience (CN107236043B), demonstrated potent antitumor efficacy in vivo in various tumor models, including SW480, DU-145, and PK-59. Furthermore, it exhibits effective suppression of a recurrent tumor model previously treated with irinotecan hydrochloride. Chemically linked peptides on scaffolds technology (CLIPS) indicated that K5-70 mainly targets the polypeptide (V43-D65) within Trop2-CRD. Structural analysis showed that the binding epitope of K5-70 is involved in the tetramerization interface mediated by the N-terminal CRD, suggesting its promising suppressive effects might be facilitated by the disruption of Trop2 clustering on the tumor cell surface.

The TY domain plays a critical role in forming the stable Trop2-ECD cis-dimer and contains conserved tumor-specific proteolytic cleavage sites (R87-T88). Targeting the epitopes at the TY domain seems a promising antagonist strategy to hinder the ordered assembly of Trop2, potentially suppressing Trop2-associated interactions and activation. Recently, Guerra et al. reported a novel anti-Trop2 mAb 2EF that targets an N-terminal epitope of Trop2-ECD (42). Analysis of recombinant Trop2 deletion mutants revealed that 2EF recognizes either CRD or TY domain. 2EF demonstrated the capability to bind to Trop2 at cell-cell junctions in MCF-7 breast cancer cells, and at deeply located sites in prostate cancer previously inaccessible to other anti-Trop-2 antibodies (T16). It showed inhibitory effects on CRC cell growth in vitro, particularly displaying increased activity at high cell densities. The antitumor activity of 2EF was observed in multiple tumor models in vivo, including SKOV3, COLO205, HT29, HCT116, and DU145. Considering the non-overlapping recognition of 2EF and 2G10 (a Trop2-targeted mAb selectively binding cleaved Trop2), the researcher proposed that their combination could exert synergistic antitumor efficacy. Predictably, 2EF significantly enhanced the in vivo antitumor effects of 2G10 in Trop2-positive tumor models.




3.2 Targeting Trop2-CPD

The CPD region, a stem part of Trop2-ECD, provides a substantial accessible surface for the binding of anti-Trop2 agents. The region plays a role in both cis-dimerization and trans-dimerization of Trop2-ECD. Most existing literature on Trop2-targeted drugs reports recognition of sites within the CPD region, suggesting the presence of multiple immunodominant epitopes in this region (49). RS7 mAb, the antibody component of approved anti-Trop2 ADC SG, was characterized by Stein and colleagues in 1990 (50, 51). While it shows potent internalization activity, this mAb has no therapeutic activity in its unconjugated form (52, 53). The analysis of domain-substituted Trop2 mutants demonstrated that RS7 recognizes a linear epitope (Q237-Q252, also referred to as RCPD) within the CPD region. The exposed loop is distant from the interfaces of cis- and trans-dimerization, indicating RS7 is unable to disrupt the self-assembly of Trop2-ECD (17). This could account for why RS7 alone is ineffective in suppressing the growth of Trop2-positive tumors in vivo. Thus, the tumor-killing activity of existing RS7-based ADCs mainly relies on the toxicity of payloads following specific binding to Trop2-expressed tumor cells (54). Additionally, humanized RS7 has been used to construct biAbs, fusion proteins, and CAR-T owing to its high affinity towards Trop2 (45, 55). It remains unclear, though, whether these RS7-based anti-Trop2 therapeutics interfere with the biological functions of Trop2. Much like RS7, another batch of mAbs, which includes 162-46.2, T16, MOv-16 (37), 77220, MM0588-49D6, YY-01 (33), and E1 (22), have limited therapeutic effects, partly because their binding epitopes (D146-R178) are far from the key interaction surface of Trop2 dimeric association.

AR47A6.4.2, produced through ARIUS’ FunctionFIRST™ platform, exhibited a significant tumor growth inhibition in human models of breast (90%, p<0.00001), colon (60%, p<0.001), and prostate (60.9%, p<0.001) cancer (36). This promising antitumor activity is attributable to at least two mechanisms of action (MOAs): complement-dependent cytotoxicity (CDC) and downregulation of MAPK signaling pathway. Epitope mapping experiments confirmed that AR47A6.4.2 recognized two liner epitopes (L179-H187 and Q252-Y260) within Trop2-CPD. Notably, the Q252-Y260 epitope overlaps with the interface of both cis-dimer and trans-dimer, suggesting that AR47A6.4.2 might suppress tumor growth by the blockade of dimeric formations of Trop2.

7E6, a mouse mAb primarily binding to the C-terminal of CPD, showed significant inhibitory activity in the A431 xenograft model (US8871908B2). A. Kowalsky and colleagues constructed single site saturation mutagenesis (SSM) libraries to determine that D171, R178, and G241-P250 contribute to the 7E6-Trop2 interaction (38). Despite its antitumor effects in vivo, 7E6 did not inhibit tumor cell proliferation in vitro but did mediate reduced migration. Confocal images revealed that the nuclear expression and localization of Trop2-ICD were retained in 7E6-treated cells. These findings suggest that the inhibitory activity of 7E6 could be facilitated by blocking the agonist binding or interfering with the downstream signaling cascade.

Previous studies indicated that the immunodominant epitopes appear to be equally accessible in both tumors and normal cells (5, 37, 56). Such poor tumor-specificity of anti-Trop2 agents might result in the exposure of normal tissues, leading to potentially unmanageable toxicity (57). Given that tumor-specific cleavage induced by ADAM10 triggers the conformational rearrangement of Trop2-ECD and might expose previously inaccessible sites, Alberti and colleagues recently used deletion mutagenesis without immunodominant epitopes to generate a cancer-specific CPD-targeted mAb 2G10 (58). It shows a higher affinity (Kd < 10−12 mol/L) towards cleaved/activated Trop2 in tumor cells compared to uncleaved/wtTrop2 in normal cells (43). Humanized 2G10 (Hu2G10) demonstrated in vivo inhibition of various tumor types, including breast, colon, ovary, and prostate cancers. No systemic toxicity was observed following Hu2G10 treatment. The ACD setting of Hu2G10, namely LCB84, demonstrated potent effectiveness against multiple Trop2-positive cell-line derived xenograft (CDX) models, including triple-negative breast cancer (TNBC), pancreatic ductal adenocarcinoma (PDAC), GC and NSCLC (59). This novel 2G10-based strategy, which recognizes tumor-specific Trop2, possesses the potential to improve the clinical outcome of next-generation Trop2-targeted therapies.





4 Conclusions and perspectives

The considerable advancements in antibody-based anti-Trop2 therapies have reshaped the treatment landscape for Trop2-positive solid tumors. Accumulated expertise on the mechanism of Trop2-mediated oncogenic activity, together with an enriched understanding of structural biology, has driven the progress of next-generation therapies. However, it remains unresolved whether patients with Trop2-positive cancers would benefit from alternative agents targeting other available epitopes, specifically the safe and tumor-specific sites. It’s worth noting that a significant number of anti-Trop2 candidate drugs still have unclear epitope information (39, 40, 46, 48, 60–63). Therefore, the pursuit to discover more potent Trop2-targeted therapeutics based on novel druggable epitopes and to further investigate the relationship between epitopes and MOAs of anti-Trop2 agents continues to be a crucial avenue for future research. The second aspect to consider for future research is to elucidate the full-length structure of the Trop2. Regrettably, currently, all available high-resolution structural models of Trop2 are based on uncoupling domains, resulting in a lack of a comprehensive view of the dynamics involving intact receptor activation and antigen-antibody interactions. Despite the identification of numerous anti-Trop2 agents and Trop2-binding partners, their detailed interaction mechanisms remain ambiguous, partly due to the lack of structures of Trop2-containing complexes. This incomplete structural information constrains the structure-guided design of optimum inhibitors, which could provide a more comprehensive disruption of Trop2-centered signaling pathways.

In conclusion, we must maintain our unceasing dedication to deepening our understanding of Trop2’s structural biology. Unraveling the complex mechanisms underlying the varied therapeutic functions induced by distinct epitope binding would aid in the rational design of Trop2-targeted strategies and increase opportunities to maximize clinical benefits for Trop2-positive tumor patients.





Author contributions

XL: Funding acquisition, Resources, Writing – original draft, Writing – review & editing. JL: Writing – original draft. JD: Writing – original draft. JZ: Writing – review & editing. GZ: Writing – review & editing. TZ: Writing – review & editing. HJ: Writing – review & editing. BL: Writing – review & editing. DX: Writing – review & editing. JW: Writing – review & editing, Conceptualization.





Funding

The author(s) declare financial support was received for the research, authorship, and/or publication of this article. This study was supported by the Natural Science Foundation of Shandong Province Grants ZR2022QH201 (XL) and the National Natural Science Foundation of China Grants 32300788 (XL).





Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.





References

1. McDougall, AR, Tolcos, M, Hooper, SB, Cole, TJ, and Wallace, MJ. Trop2: from development to disease. Dev Dyn. (2015) 244(2):99–109. doi: 10.1002/dvdy.24242

2. Shvartsur, A, and Bonavida, B. Trop2 and its overexpression in cancers: regulation and clinical/therapeutic implications. Genes Cancer. (2015) 6(3-4):84–105. doi: 10.18632/genesandcancer.40

3. Liu, X, Deng, J, Yuan, Y, Chen, W, Sun, W, Wang, Y, et al. Advances in Trop2-targeted therapy: Novel agents and opportunities beyond breast cancer. Pharmacol Ther (2022) 108296. doi: 10.1016/j.pharmthera.2022.108296

4. Stepan, LP, Trueblood, ES, Hale, K, Babcook, J, Borges, L, and Sutherland, CL. Expression of Trop2 cell surface glycoprotein in normal and tumor tissues: potential implications as a cancer therapeutic target. J Histochem Cytochem (2011) 59(7):701–10. doi: 10.1369/0022155411410430

5. Trerotola, M, Cantanelli, P, Guerra, E, Tripaldi, R, Aloisi, AL, Bonasera, V, et al. Upregulation of Trop-2 quantitatively stimulates human cancer growth. Oncogene. (2013) 32(2):222–33. doi: 10.1038/onc.2012.36

6. Fu, Y, Jing, Y, Gao, J, Li, Z, Wang, H, Cai, M, et al. Variation of Trop2 on non-small-cell lung cancer and normal cell membranes revealed by super-resolution fluorescence imaging. Talanta. (2020) 207:120312. doi: 10.1016/j.talanta.2019.120312

7. Ambrogi, F, Fornili, M, Boracchi, P, Trerotola, M, Relli, V, Simeone, P, et al. Trop-2 is a determinant of breast cancer survival. PloS One (2014) 9(5):e96993. doi: 10.1371/journal.pone.0096993

8. Vidula, N, Yau, C, and Rugo, HS. Trop2 gene expression (Trop2e) in primary breast cancer (BC): Correlations with clinical and tumor characteristics. J Clin Oncol (2017) 35(15_suppl):1075–. doi: 10.1200/JCO.2017.35.15_suppl.1075

9. Zaman, S, Jadid, H, Denson, AC, and Gray, JE. Targeting Trop-2 in solid tumors: future prospects. OncoTargets Ther (2019) 12:1781–90. doi: 10.2147/ott.S162447

10. Li, Z, Jiang, X, and Zhang, W. TROP2 overexpression promotes proliferation and invasion of lung adenocarcinoma cells. Biochem Bioph Res Co. (2016) 470(1):197–204. doi: 10.1016/j.bbrc.2016.01.032

11. Bardia, A, Mayer, IA, Diamond, JR, Moroose, RL, Isakoff, SJ, Starodub, AN, et al. Efficacy and safety of anti-trop-2 antibody drug conjugate sacituzumab govitecan (IMMU-132) in heavily pretreated patients with metastatic triple-negative breast cancer. J Clin Oncol (2017) 35(19):2141–8. doi: 10.1200/jco.2016.70.8297

12. Bardia, A, Mayer, IA, Vahdat, LT, Tolaney, SM, Isakoff, SJ, Diamond, JR, et al. Sacituzumab govitecan-hziy in refractory metastatic triple-negative breast cancer. N Engl J Med (2019) 380(8):741–51. doi: 10.1056/NEJMoa1814213

13. Weiss, J, Glode, A, Messersmith, WA, and Diamond, J. Sacituzumab govitecan: breakthrough targeted therapy for triple-negative breast cancer. Expert Rev Anticancer Ther (2019) 19(8):673–9. doi: 10.1080/14737140.2019.1654378

14. Shaffer, C. Trop2 deal heats up antibody–drug conjugate space in cancer. Nat Biotechnol (2021) 39(2):124. doi: 10.1038/s41587-021-00835-5

15. Wang, J, Wu, L, Song, Z, Li, X, Liu, C, Liu, T, et al. Abstract CT181: A first-in-human (FIH) phase 1 study of SHR-A1921, a TROP-2 targeted antibody-drug conjugate (ADC), in patients with advanced solid tumors. Cancer Res (2023) 83(8_Supplement):CT181–CT. doi: 10.1158/1538-7445.Am2023-ct181

16. Pavsic, M. Trop2 forms a stable dimer with significant structural differences within the membrane-distal region as compared to epCAM. Int J Mol Sci (2021) 22(19):10640. doi: 10.3390/ijms221910640

17. Sun, M, Zhang, H, Jiang, M, Chai, Y, Qi, J, Gao, GF, et al. Structural insights into the cis and trans assembly of human trophoblast cell surface antigen 2. iScience (2021) 24(10). doi: 10.1016/j.isci.2021.103190

18. Pavsic, M, Guncar, G, Djinovic-Carugo, K, and Lenarcic, B. Crystal structure and its bearing towards an understanding of key biological functions of EpCAM. Nat Commun (2014) 5:4764. doi: 10.1038/ncomms5764

19. Casaletto, JB, Geddie, ML, Abu-Yousif, AO, Masson, K, Fulgham, A, Boudot, A, et al. MM-131, a bispecific anti-Met/EpCAM mAb, inhibits HGF-dependent and HGF-independent Met signaling through concurrent binding to EpCAM. Proc Natl Acad Sci U S A. (2019) 116(15):7533–42. doi: 10.1073/pnas.1819085116

20. Fu, Y, Hua, P, Lou, Y, Li, Z, Jia, M, Jing, Y, et al. Mechanistic insights into trop2 clustering on lung cancer cell membranes revealed by super-resolution imaging. ACS omega. (2020) 5(50):32456–65. doi: 10.1021/acsomega.0c04597

21. Guerra, E, Trerotola, M, Relli, V, Lattanzio, R, Tripaldi, R, Vacca, G, et al. Trop-2 induces ADAM10-mediated cleavage of E-cadherin and drives EMT-less metastasis in colon cancer. Neoplasia (New York NY). (2021) 23(9):898–911. doi: 10.1016/j.neo.2021.07.002

22. Trerotola, M, Guerra, E, Ali, Z, Aloisi, AL, Ceci, M, Simeone, P, et al. Trop-2 cleavage by ADAM10 is an activator switch for cancer growth and metastasis. Neoplasia. (2021) 23(4):415–28. doi: 10.1016/j.neo.2021.03.006

23. Stoyanova, T, Goldstein, AS, Cai, H, Drake, JM, Huang, J, and Witte, ON. Regulated proteolysis of Trop2 drives epithelial hyperplasia and stem cell self-renewal via beta-catenin signaling. Gene Dev (2012) 26(20):2271–85. doi: 10.1101/gad.196451.112

24. Guerra, E, Relli, V, Ceci, M, Tripaldi, R, Simeone, P, Aloisi, AL, et al. Trop-2, Na+/K+ ATPase, CD9, PKCα, cofilin assemble a membrane signaling super-complex that drives colorectal cancer growth and invasion. Oncogene. (2022) 41(12):1795–808. doi: 10.1038/s41388-022-02220-1

25. Pavsic, M, Ilc, G, Vidmar, T, Plavec, J, and Lenarcic, B. The cytosolic tail of the tumor marker protein Trop2–a structural switch triggered by phosphorylation. Sci Rep (2015) 5:10324. doi: 10.1038/srep10324

26. Cubas, R, Li, M, Chen, C, and Yao, Q. Trop2: A possible therapeutic target for late stage epithelial carcinomas. Biochim Et Biophys Acta-Reviews Cancer. (2009) 1796(2):309–14. doi: 10.1016/j.bbcan.2009.08.001

27. Mori, Y, Akita, K, Ojima, K, Iwamoto, S, Yamashita, T, Morii, E, et al. Trophoblast cell surface antigen 2 (Trop-2) phosphorylation by protein kinase C alpha/delta (PKC alpha/delta) enhances cell motility. J Biol Chem (2019) 294(30):11513–24. doi: 10.1074/jbc.RA119.008084

28. Fornaro, M, Dell’Arciprete, R, Stella, M, Bucci, C, Nutini, M, Capri, MG, et al. Cloning of the gene encoding Trop-2, a cell-surface glycoprotein expressed by human carcinomas. Int J cancer. (1995) 62(5):610–8. doi: 10.1002/ijc.2910620520

29. Zaman, S, Jadid, H, Denson, AC, and Gray, JE. Targeting Trop-2 in solid tumors: future prospects. Onco Targets Ther (2019) 12:1781–90. doi: 10.2147/OTT.S162447

30. Lenart, S, Lenart, P, Smarda, J, Remsik, J, Soucek, K, and Benes, P. Trop2: jack of all trades, master of none. Cancers (Basel). (2020) 12(11):3328. doi: 10.3390/cancers12113328

31. Zhao, W, Jia, L, Zhang, M, Huang, X, Qian, P, Tang, Q, et al. The killing effect of novel bi-specific Trop2/PD-L1 CAR-T cell targeted gastric cancer. Am J Cancer Res (2019) 9(8):1846–56.

32. Quiros-Fernandez, I, Poorebrahim, M, Marmé, F, Burdach, SEG, and Cid-Arregui, A. A costimulatory chimeric antigen receptor targeting TROP2 enhances the cytotoxicity of NK cells expressing a T cell receptor reactive to human papillomavirus type 16 E7. Cancer Letters. (2023) 216242. doi: 10.1016/j.canlet.2023.216242

33. Ikeda, M, Yamaguchi, M, Kato, K, Nakamura, K, Shiina, S, Ichikawa-Ando, T, et al. Pr1E11, a novel anti-TROP-2 antibody isolated by adenovirus-based antibody screening, recognizes a unique epitope. Biochem Biophys Res Commun (2015) 458(4):877–82. doi: 10.1016/j.bbrc.2015.02.051

34. Ikeda, M, Kato, K, Yamaguchi, M, Hamada, H, Nakamura, K, and Sugimoto, Y. Cell surface antibody retention influences in vivo antitumor activity mediated by antibody-dependent cellular cytotoxicity. Anticancer Res (2016) 36(11):5937–44. doi: 10.21873/anticanres.11181

35. Liu, J, Yang, D, Yin, Z, Gao, M, Tong, H, Su, Y, et al. A novel human monoclonal Trop2-IgG antibody inhibits ovarian cancer growth in vitro and in vivo. Biochem Bioph Res Co (2019) 512(2):276–82. doi: 10.1016/j.bbrc.2019.03.028

36. Truong, A, Feng, N, Sayegh, D, Mak, B, O'Reilly, K, Fung, S-W, et al. AR47A6.4.2, a functional naked monoclonal antibody targeting Trop-2, demonstrates in vivo efficacy in human pancreatic, colon, breast and prostate cancer models. Mol Cancer Ther (2007) 6(11_Supplement):PR–12-PR-. doi: 10.1016/S1359-6349(08)72454-6

37. Alberti, S, Miotti, S, Stella, M, Klein, CE, Fornaro, M, Menard, S, et al. Biochemical characterization of Trop-2, a cell surface molecule expressed by human carcinomas: formal proof that the monoclonal antibodies T16 and MOv-16 recognize Trop-2. Hybridoma. (1992) 11(5):539–45. doi: 10.1089/hyb.1992.11.539

38. Kowalsky, CA, Faber, MS, Nath, A, Dann, HE, Kelly, VW, Liu, L, et al. Rapid fine conformational epitope mapping using comprehensive mutagenesis and deep sequencing. J Biol Chem (2015) 290(44):26457–70. doi: 10.1074/jbc.M115.676635

39. Sayama, Y, Kaneko, MK, and Kato, Y. Development and characterization of TrMab−6, a novel anti−TROP2 monoclonal antibody for antigen detection in breast cancer. Mol Med Rep (2021) 23(2):1. doi: 10.3892/mmr.2020.11731

40. Sayama, Y, Kaneko, MK, Takei, J, Hosono, H, Sano, M, Asano, T, et al. Establishment of a novel anti-TROP2 monoclonal antibody TrMab-29 for immunohistochemical analysis. Biochem biophysics Rep (2021) 25:100902. doi: 10.1016/j.bbrep.2020.100902

41. Zhou, DD, Sun, LP, Yu, Q, Zhai, XT, Zhang, LW, Gao, RJ, et al. Elucidating the development, characterization, and antitumor potential of a novel humanized antibody against Trop2. Int J Biol Macromol (2023) 253(Pt 6):127105. doi: 10.1016/j.ijbiomac.2023.127105

42. Guerra, E, Trerotola, M, Relli, V, Lattanzio, R, Ceci, M, Boujnah, K, et al. The 2EF antibody targets a unique N-terminal epitope of trop-2 and enhances the in vivo activity of the cancer-selective 2G10 antibody. Cancers (Basel). (2023) 15(14):3721. doi: 10.3390/cancers15143721

43. Guerra, E, Trerotola, M, Relli, V, Lattanzio, R, Tripaldi, R, Ceci, M, et al. 3D-informed targeting of the Trop-2 signal-activation site drives selective cancer vulnerability. Mol Cancer Ther (2023) 22(6):790–804. doi: 10.1158/1535-7163.Mct-22-0352

44. Lin, H, Zhang, H, Wang, J, Lu, M, Zheng, F, Wang, C, et al. A novel human Fab antibody for Trop2 inhibits breast cancer growth in vitro and in vivo. Int J Cancer (2014) 134(5):1239–49. doi: 10.1002/ijc.28451

45. Chang, CH, Wang, Y, Li, R, Rossi, DL, Liu, D, Rossi, EA, et al. Combination therapy with bispecific antibodies and PD-1 blockade enhances the antitumor potency of T cells. Cancer Res (2017) 77(19):5384–94. doi: 10.1158/0008-5472.Can-16-3431

46. Liu, H, Bai, L, Huang, L, Ning, N, Li, L, Li, Y, et al. Bispecific antibody targeting TROP2xCD3 suppresses tumor growth of triple negative breast cancer. J immunotherapy Cancer (2021) 9(10). doi: 10.1136/jitc-2021-003468

47. Wang, D, Zhang, L, Wang, B, Zhao, L, Deng, L, Xu, W, et al. Construction of a novel TROP2/CD3 bispecific antibody with potent antitumor activity and reduced induction of Th1 cytokines. Protein Expr Purif. (2023) 205:106242. doi: 10.1016/j.pep.2023.106242

48. Lutje, S, Rijpkema, M, Goldenberg, DM, van Rij, CM, Sharkey, RM, McBride, WJ, et al. Pretargeted dual-modality immuno-SPECT and near-infrared fluorescence imaging for image-guided surgery of prostate cancer. Cancer Res (2014) 74(21):6216–23. doi: 10.1158/0008-5472.CAN-14-0594

49. Guerra, E, and Alberti, S. The anti-Trop-2 antibody-drug conjugate Sacituzumab Govitecan-effectiveness, pitfalls and promises. Ann Transl Med (2022) 10(9):501. doi: 10.21037/atm-22-621

50. Stein, R, Chen, S, Sharkey, RM, and Goldenberg, DM. Murine monoclonal antibodies raised against human non-small cell carcinoma of the lung: specificity and tumor targeting. Cancer Res (1990) 50(4):1330–6.

51. Stein, R, Basu, A, Goldenberg, DM, Lloyd, KO, and Mattes, MJ. Characterization of cluster 13: the epithelial/carcinoma antigen recognized by MAb RS7. Int J Cancer Suppl (1994) 8:98–102. doi: 10.1002/ijc.2910570721

52. Shih, LB, Xuan, H, Aninipot, R, Stein, R, and Goldenberg, DM. In vitro and in vivo reactivity of an internalizing antibody, RS7, with human breast cancer. Cancer Res (1995) 55(23_Supplement):5857s-5863s.

53. Cardillo, TM, Govindan, SV, Sharkey, RM, Trisal, P, and Goldenberg, DM. Humanized anti-Trop-2 IgG-SN-38 conjugate for effective treatment of diverse epithelial cancers: preclinical studies in human cancer xenograft models and monkeys. Clin Cancer Res an Off J Am Assoc Cancer Res (2011) 17(10):3157–69. doi: 10.1158/1078-0432.CCR-10-2939

54. Cheng, Y, Yuan, X, Tian, Q, Huang, X, Chen, Y, Pu, Y, et al. Preclinical profiles of SKB264, a novel anti-TROP2 antibody conjugated to topoisomerase inhibitor, demonstrated promising antitumor efficacy compared to IMMU-132. Front Oncol (2022) 12:951589. doi: 10.3389/fonc.2022.951589

55. Liu, D, Cardillo, TM, Wang, Y, Rossi, EA, Goldenberg, DM, and Chang, CH. Trop-2-targeting tetrakis-ranpirnase has potent antitumor activity against triple-negative breast cancer. Mol cancer. (2014) 13:53. doi: 10.1186/1476-4598-13-53

56. Kaufmann, R, Hainzl, A, Sterry, W, Alberti, S, and Klein, CE. In vivo targeting of integrin receptors in human skin xenografts by intravenously applied antibodies. Arch Dermatol Res (1994) 286(1):6–11. doi: 10.1007/bf00375836

57. King, GT, Eaton, KD, Beagle, BR, Zopf, CJ, Wong, GY, Krupka, HI, et al. A phase 1, dose-escalation study of PF-06664178, an anti-Trop-2/Aur0101 antibody-drug conjugate in patients with advanced or metastatic solid tumors. Invest New Drugs (2018) 36(5):836–47. doi: 10.1007/s10637-018-0560-6

58. Alberti, S, Trerotola, M, and Guerra, E. Abstract 340: The Hu2G10 tumor-selective anti-Trop-2 monoclonal antibody targets the cleaved-activated Trop-2 and shows therapeutic efficacy against multiple human cancers. Cancer Res (2022) 82(12_Supplement):340–. doi: 10.1158/1538-7445.Am2022-340

59. Kim, H, Guerra, E, Baek, E, Jeong, Y, You, H, Yu, B, et al. Abstract 328: LCB84, a TROP2-targeted ADC, for treatment of solid tumors that express TROP-2 using the hu2G10 tumor-selective anti-TROP2 monoclonal antibody, a proprietary site-directed conjugation technology and plasma-stable tumor-selective linker chemistry. Cancer Res (2022) 82(12_Supplement):328–. doi: 10.1158/1538-7445.Am2022-328

60. Tanaka, T, Ohishi, T, Asano, T, Takei, J, Nanamiya, R, Hosono, H, et al. An anti−TROP2 monoclonal antibody TrMab−6 exerts antitumor activity in breast cancer mouse xenograft models. Oncol Rep (2021) 46(1). doi: 10.3892/or.2021.8083

61. Shang, C, An, G, Guo, Y, Zhang, E, Lin, Q, and Yang, Y. Abstract 2977: A first-in-class anti-HER2/TROP2 bispecific antibody-drug conjugate (YH012) exhibits potent anti-tumor efficacy. Cancer Res (2023) 83(7_Supplement):2977–. doi: 10.1158/1538-7445.Am2023-2977

62. Okajima, D, Yasuda, S, Maejima, T, Karibe, T, Sakurai, K, Aida, T, et al. Datopotamab deruxtecan, a novel TROP2-directed antibody-drug conjugate, demonstrates potent antitumor activity by efficient drug delivery to tumor cells. Mol Cancer Ther (2021) 20(12):2329–40. doi: 10.1158/1535-7163.Mct-21-0206

63. He, N, Yang, C, Yang, Y, Xue, Z, Xu, J, Zhao, L, et al. Abstract LB030: SHR-A1921, a novel TROP-2 ADC with an optimized design and well-balanced profile between efficacy and safety. Cancer Res (2023) 83(8_Supplement):LB030–LB. doi: 10.1158/1538-7445.Am2023-lb030




Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2023 Liu, Li, Deng, Zhao, Zhao, Zhang, Jiang, Liang, Xing and Wang. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/logo.jpg
, frontiers | Frontiers in Immunology





OEBPS/Images/fimmu-14-1332489-g001.jpg
A 27 74 147 274

1 27 275 298 323
Trop2 SP ECD TMD ICD
[
S303 S$322
B Trop2-ECD EpCAM-ECD Superimposition
CRD
TY
Cc
D
E Cis-tetramer of Trop2-ECD G Trop2-TMD
N
C
F H Trop2-ICD
N N pS303
S303
®,
C C

Monomer1 Non-phosphorylated Phosphorylated





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Targeting Trop2 in solid tumors: a look into structures and novel epitopes

      

        		

          1 Introduction

        



        		

          2 Structure of Trop2

        

          		

            2.1 Extracellular domain (ECD)

          



          		

            2.2 Transmembrane domain (TMD) and intracellular domain (ICD)

          



        



        



        		

          3 Functions and binding epitopes of Trop2-targeted agents

        

          		

            3.1 Targeting CRD and TY domains of Trop2

          



          		

            3.2 Targeting Trop2-CPD

          



        



        



        		

          4 Conclusions and perspectives

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Conflict of interest

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fimmu.2023.1332489_cover.jpg
’ frontiers l Frontiers in Immunology

Targeting Trop2 in solid tumors: a look into
structures and novel epitopes





OEBPS/Images/table1.jpg
Binding

Institution/Compan Classification : Phase Reference
pary Epitope
RS7 Immunomedics, Glead Science Antibody RCPD (Q237-Q252) Preclinical (17)
PrE11 Kyowa Hakko Kirin Antibody CRD (C34-K72) Preclinical (33,34)
Trop2-1gG Nanjing Medical University Antibody - Preclinical (35
CPD (L179-H187 and
AR47A6.4.2 ARIUS Research Antibody stzfyzso) % preclinical (36)
77220, MOv16, MM0588-49D6, YY- : - o
01, 162.46.2, T16, E1 Kyowa Hakko Kirin Antibody CPD (D146-R178) Preclinical (22, 33,37)
s A : CPD (D171, R178, -
7E6 Michigan State University Antibody and G241-P250) Preclinical (38)
TrMab-6 Tohoku University Antibody - Preclinical (39)
TrMab-29 Tohoku University Antibody - Preclinical (40)
K5-70 Chiome Bioscience Antibody CRD (V43-D65) Preclinical =
Chinese Academy of Medical Sciences &
hIMB1636 Antibod, = Preclinical 41
Peking Union Medical College nitbocy recimed “n
2EF University of Messina Antibody CRD or TY Preclinical (42)
2G10 University of Messina Antibody CPD Preclinical (43)
Trop2-Fab Nanjing Medical University Fab - Preclinical (44)
Bispecific antibod
(E1)-3s Immunomedics '5(";:0;2/“(;‘;;’ Y RCPD (Q237-Q252)  Preclinical (45)
Huazhong University of Science and Bispecific antibody s
F E linical
7AIS Technology Tongji Medical College (Trop2/CD3) Freclinica “6)
Anti-Trop2/CD3 bispecific antibod; Sunshine Guojian Ph tical Bispecific antibody | oy (34 k72 Preclinical 7)
nti-1rop. ispecific antil ly unshine Guojian )armaceutical (TTOPZ/CD3) g i reclinical
Bispecific antibod
TF12 Radboud University Medical Center IpecinG sEnvey Preclinical (48)

(Trop2/HSG)





