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Brief Communication

Trop2-targeted immunoPET ligands

Steven H. Liang

Department of Radiology and Imaging Sciences, Emory University, Atlanta, Georgia 30322, United States
Received January 11, 2025; Accepted June 18, 2025; Epub June 25, 2025; Published June 30, 2025

Abstract: Trop2 is overexpressed in various tumors and serves as a key biomarker. Targeted immunoPET ligands, mainly developed from
Trop2 monoclonal antibodies and nanobodies, provide the landscape of heterogeneous expression of Trop2 in tumors, which has great
potential in improving accuracy of cancer diagnosis and staging, as well as decision-making in therapy.
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Introduction

Trophoblast cell-surface antigen 2 (Trop2) is a transmem-
brane glycoprotein and a member of tumor-associated
calcium signal transducer (TACSTD) family. It has been
established as a pan-cancer biomarker, widely express-
ed in various tumors, and implicated in tumorigenesis
through diverse signaling pathways [1]. As illustrated in
Figure 1, the phosphorylation of Trop2 leads to the hydro-
lysis of 4,5-diphosphate phosphatidylinositol (PIP2) into
inositol triphosphate (IP3) and diacylglycerol (DAG), and
IP3 stimulates the release of calcium ions that are stored
in the endoplasmic reticulum (ER), which regulates the
cell proliferation, division, and cycle progression. Addi-
tionally, Trop2 is hydrolyzed into intracellular domain
(ICD), which co-localizes with (-catenin and controls
cell self-renewal, proliferation, and tissue hyperplasia.
Moreover, Trop2 induces the accumulation of cytoplas-
mic receptor for activated ¢ kinase 1 (RACK1) at the cell
membrane, reducing fibronectin and integrin 3 binding.
This decrease in the adhesion of tumor cells promotes
tumor metastasis. Trop2 also up-regulates the expression
of the proliferative marker Ki-67, thereby promoting tumor
cell proliferation. In summary, Trop2 promotes tumor cell
proliferation, growth, and metastasis by altering calcium
signaling pathway, B-catenin-related cyclin expression,
and reducing fibronectin adhesion through RACK1 signal-
ing. Furthermore, Trop2 is overexpressed in many human
cancers but exhibits much lower expression in hormal tis-
sues, which empowers its tumor prognostic and thera-
peutic significance [2].

Trop2 immunoPET ligand development

Positron emission tomography (PET) imaging is gaining
increasing attention in tumor diagnosis and treatment
efficacy assessment [3-5]. Given the importance of Trop2
in tumor biology, various forms of therapeutics, includ-
ing antibodies and antibody-drug conjugates (ADCs), are
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under development, which highlights the need for opti-
mized PET ligands to characterize the heterogeneous and
dynamic expression of Trop2. In this context, three mono-
clonal antibody ligands were initially developed for Trop2-
targeted immunoPET imaging, including [8°ZrlhRS7 [6],
[89Zr]DFO-AF650 [7], and [¢*CulhIMB1636 [8]. Compared
with the antibodies, nanobody ligands offer advantages
such as rapid tumor accumulation, fast blood clearance,
and reduced radiation exposure, making them suitable
for same-day immunoPET imaging [9]. Several nanobody-
based radioligands have been evaluated for Trop2 PET
imaging. Among them, [¢8Ga]Ga-NOTA-RTD98 and [*4Ga]
Ga-NOTA-RTDO1 effectively identified differential Trop2
expression in human-derived pancreatic cancer models
but exhibited high liver accumulation [10]. Subsequently,
[(8Ga]Ga-NOTA-T4 and [*®3Ga]Ga-NOTA-T5 were developed
with improved association and dissociation kinetics, and
[*8Ga]Ga-NOTA-T4 advanced to a pilot clinical trial, demon-
strating its potential in visualizing Trop2 expression in
patients with solid tumors [11]. Furthermore, a transla-
tional study with the novel nanobody PET ligand [¢8Ga]
MY6349 highlighted its precision in quantifying Trop2
expression across multiple cancer types, underscoring
its promise for guiding Trop2-targeted therapies [12].

Literature highlight: [*®F]AIF-RESCA-T4
and [*®F]AIF-RESCA-RT4

Recently, building on the nanobody [(8Ga]Ga-NOTA-T4,
Huang et al. developed the first series of ®F-labeled
Trop2 PET ligands: [‘®F]AIF-RESCA-T4 (His-tagged) and
[*8F]AIF-RESCA-RT4 (His-tag-free) [13]. These nanobodies
showed high binding affinities to immobilized human
Trop2 antigen, with K, values of 965.9 for T4 and 915.7
pM for RT4. The radioligands [*8F]AIF-RESCA-T4 and [*8F]
AIF-RESCA-RT4 were prepared by an established AI[*¥F]
restrained complexing agent (RESCA) method with high
radiochemistry yields of 22.4 and 61.9%, respectively. In
Trop2-positive T3M-4 models, [*8F]AIF-RESCA-T4 exhibit-
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Figure 1. Trop2-mediated intracellular and extracellular signaling pathways. AP-1, activator protein 1; DAG, diacylglycerol; ECD, extracel-
lular domain of Trop2; ER, endoplasmic reticulum; ERK1/2, extracellular signal-regulated kinase 1/2; ICD, intracellular domain of Trop2;
IP3, inositol triphosphate; MAPK, mitogen-activated protein kinase; PIP2, phosphatidylinositol 4,5-bisphosphate; RACK1, receptor for

activated c kinase 1; TM, transmembrane helix of Trop2.

ed higher tumor uptake than [*®F]AIF-RESCA-RT4 (11.13
vs. 8.83% ID/g) during PET region-of-interest (ROI) analy-
sis within the first hour. Self-blocking experiments using
the corresponding cold nanobodies reduced the PET sig-
nal by 79% and 76% for T4 and RT4, respectively, indicat-
ing their high in vivo specific binding to Trop2 (Figure 2A).
Both radioligands showed favorable pharmacokinetics,
characterized by fast clearance from non-target tissues/
organs such as blood, liver, and bone, resulting in a low-
background signal during PET imaging. However, high kid-
ney accumulation was observed, with values of 125.60
and 48.88 %ID/g for ['®F]AIF-RESCA-T4 and ['®F]AIF-
RESCA-RT4, respectively. This suggests that the removal
of His-tag may be a simple but effective strategy to miti-
gate renal accumulation. [*8F]AIF-RESCA-T4 was utilized in
a pilot clinical trial for immunoPET imaging. The results
revealed that the uptake of [*®F]AIF-RESCA-T4 correlated
well with positive Trop2 expression in patients of primary
lung cancer (Figure 2B) and lung adenocarcinoma (Figure
2C). Notably, this ligand also showed potential in differen-
tiating tumors from inflammatory diseases such as tuber-
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culosis. Further clinical trials with larger patient cohorts
are necessary to validate these promising findings and
establish the clinical utility of [*F]AIF-RESCA-T4 in Trop2-
targeted imaging.

Conclusion

Trop2 is overexpressed in various malignancies compar-
ed to normal tissues, rendering its noninvasive imaging
crucial for tumor detection and treatment monitoring.
ImmunoPET imaging using Trop2 radioligands derived
from low-molecular-weight vectors - characterized by high
affinity, exceptional stability, and versatile engineering
potential - offers significant advantages. Noninvasive
quantification of Trop2 expression levels and distribution
has revolutionized Trop2-targeted cancer treatment, yield-
ing remarkable advancements in cancer management,
including identifying patients most likely to benefit from
Trop2-targeted drugs, monitoring therapeutic efficacy,
and detecting early resistance. This personalized app-
roach can optimize therapeutic outcomes while minimiz-
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Figure 2. [*8F]AIF-RESCA-T4 immuno-PET/CT imaging in Trop2-positive T3M-4 models (A) and patients of primary lung cancer (B) and lung
adenocarcinoma (C). Red arrowhead in (A) indicates the tumor of T3M-4 model; yellow arrowhead in (B) indicates left hilar occupancy
and lymph node; blue arrowheads in (B and C) indicate distal lung atelectasis and left lung nodule, respectively; Reprinted with permis-

sion from [13]. © SNMMI.

ing unnecessary adverse effects in non-responders.
However, these radioligands still exhibit high renal up-
take, which hinders the detection of tumors in or near
the kidneys, limits the administrable “safe dose” in
radioligand therapy, and potentially induces nephrotoxici-
ty. Thus, further structural modifications in developing
more valid Trop2 radioligands should focus on minimizing
the kidney retention. Key strategies include reducing
tracer size (e.g. utilizing peptide- or small molecule-
based scaffolds), enhancing hydrophilicity, incorporating
renal-cleavable linkers (e.g. Met-Val-Lys), and modifying
molecular charge. Such optimized radioligands would
enhance the accuracy of cancer diagnosis and staging,
thereby supporting decision-making for Trop2-targeted
therapies.

Disclosure of conflict of interest

None.

Address correspondence to: Steven H. Liang, Department of
Radiology and Imaging Sciences, Emory University, Atlanta,
Georgia 30322, United States. E-mail: steven.liang@emory.edu

107

References

(1]

(2]

(3]

(4]

(5]

(6]

Liu X, Deng J, Yuan Y, Chen W, Sun W, Wang Y, Huang H,
Liang B, Ming T, Wen J, Huang B and Xing D. Advances in
Trop2-targeted therapy: novel agents and opportunities
beyond breast cancer. Pharmacol Ther 2022; 239:
108296.

Zaman S, Jadid H, Denson AC and Gray JE. Targeting Trop-
2 in solid tumors: future prospects. Onco Targets Ther
2019; 12: 1781-1790.

Rong J, Haider A, Jeppesen TE, Josephson L and Liang SH.
Radiochemistry for positron emission tomography. Nat
Commun 2023; 14: 3257.

Deng X, Rong J, Wang L, Vasdev N, Zhang L, Josephson L
and Liang SH. Chemistry for positron emission tomogra-
phy: recent advances in *C-, *¥F-, *3N-, and °0O-labeling
reactions. Angew Chem Int Ed Engl 2019; 58: 2580-2605.
Krishnan HS, Ma L, Vasdev N and Liang SH. *8F-labeling of
sensitive biomolecules for positron emission tomography.
Chemistry 2017; 23: 15553-15577.

van Rij CM, Sharkey RM, Goldenberg DM, Frielink C,
Molkenboer JD, Franssen GM, van Weerden WM, Oyen WJ
and Boerman OC. Imaging of prostate cancer with immu-
no-pet and immuno-spect using a radiolabeled anti-EGP-1
monoclonal antibody. J Nucl Med 2011; 52: 1601-7.

Am J Nucl Med Mol Imaging 2025;15(3):105-108


mailto:steven.liang@emory.edu

(8]

(10]

108

Trop2 PET imaging

Chen W, Li M, Younis MH, Barnhart TE, Jiang D, Sun T,
Lang JM, Engle JW, Zhou M and Cai W. ImmunoPET of tro-
phoblast cell-surface antigen 2 (Trop-2) expression in pan-
creatic cancer. Eur J Nucl Med Mol Imaging 2022; 49:
861-870.

Li C, Liu J, Yang X, Yang Q, Huang W, Zhang M, Zhou D,
Wang R, Gong J, Miao Q, Kang L and Yang J. Theranostic
application of ®Cu/*’Lu-labeled anti-Trop2 monoclonal
antibody in pancreatic cancer tumor models. Eur J Nucl
Med Mol Imaging 2022; 50: 168-183.

Wei W, Younis MH, Lan X, Liu J and Cai W. Single-domain
antibody theranostics on the horizon. J Nucl Med 2022;
63: 1475-1479.

Huang W, Liang C, Zhang, Zhang D, An S, Wu Q, Li J, Zhao
H, Wang C, Cui J, Bao Z, Huang G, Wei W and Liu J. Immu-
noPET imaging of Trop2 expression in solid tumors with
nanobody tracers. Eur J Nucl Med Mol Imaging 2024; 51:
380-394.

(11]

[12]

[13]

Huang W, Zhang Y, Cao M, Wu Y, Jiao F, Chu Z, Zhou X, Li L,
Xu D, Pan X, Guan Y, Huang G, Liu J, Xie F and Wei W. Im-
munoPET imaging of Trop2 in patients with solid tumours.
EMBO Mol Med 2024; 16: 1143-1161.

Chen H, Zhao L, Pang Y, Shi J, Gao H, Sun Y, Chen J, Fu H,
CaiJ, Yul, Zeng R, Sun L, Wu H, Wang Z and Wang F. %8Ga-
MY6349 PET/CT imaging to assess Trop2 expression in
multiple types of cancer. J Clin Invest 2024; 135: e185408.
Huang W, Cao M, Wu 'Y, Zhang Y, An S, Pan X, Zhou X, Shao
H, GuanY, Huang G, Gelardi F, Chiti A, Xie F, Liu J and Wei
W. Immuno-PET/CT imaging of Trop2 with [*®F]AIF-RESCA-
T4 differentiates lung cancer from inflammation. J Nucl
Med 2024; 65: 1904-1910.

Am J Nucl Med Mol Imaging 2025;15(3):105-108



