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Research Progress on a Novel Receptor Tyrosine Kinase ROR1
and Its Targeted Cancer Therapy Strategies

CHEN Siyu*, WANG Yigang
(College of Life Science and Medicine, Zhejiang University of Science and Technology, Hangzhou 310000, China)

Abstract In recent years, ROR1 (receptor tyrosine-kinase-like orphan receptor 1) has gradually become
a hot spot in tumor treatment research due to its unique expression pattern and key role in tumor biology. Under
normal conditions, the expression of ROR1 is typically confined to specific stages of embryonic development and a
few adult tissues, whereas in many types of malignant tumors, ROR1 is abnormally high expressed. This differen-

tial expression pattern between normal and tumor tissues provides a theoretical basis for ROR1 as a tumor-specific
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therapeutic target. Studies have shown that ROR1 is not only involved in the regulation of tumor cell proliferation,
migration, invasion and angiogenesis and other key physiological processes, but also plays an important role in the
formation of tumor resistance to traditional therapies. In view of the above characteristics of RORI1, scientists are
actively exploring tumor-targeted treatment strategies with RORI1 as the target, aiming to achieve specific killing
of tumor cells through precise intervention in the ROR1-mediated signaling pathway, while reducing the damage
to normal tissues. In recent years, significant progress has been made in the research and development of targeted
drugs against ROR1, including but not limited to monoclonal antibodies, CAR-T cell therapy, bispecific antibodies,
and small molecule inhibitors. These innovative drugs and therapeutics have opened up new avenues for tumor im-
munotherapy by blocking the function of ROR1 through different mechanisms or inducing immune cells to specifi-
cally recognize and clear ROR1-expressing tumor cells. This paper review the structure and expression of ROR1,
and deeply analyze its mechanism of action in promoting tumor growth, metastasis, and drug resistance. At the
same time this study sort out the latest research progress in targeting ROR1 in the field of tumor immunotherapy,

including the development of targeted drugs, the results of clinical trials, and the optimization of therapeutic strate-

gies as well as the challenges faced.
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CRD: % i 45 #38; KRD: MOIR 45 #4358 TKD: [% 2B A4S 1 5k; PRD: & & R4 sk
CRD: frizzled domain; KRD: kringle domain; TKD: tyrosine kinase-like domain; PRD: proline-rich domain.
E1 RORIZHREE
Fig.1 Schematic diagram of ROR1 structure
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A
ROR1
———JPp Activation of ROR1
RORI1/2
Vang12 l: ;:
B
Tumor
anti-apoptosis
U0 )
Tumor
~ proliferation
C
U )
p Tumor
== /\GTP ARHGEF2 I . migration
== GDP\/ ARHGEF6

A: RORIFEWntSaf5s S1EH R IR A—Z R E &7~ 2 K. WntSafil KROR1, ROR2. FZDFIDVLINE GWTEMR, MITHIEWny/PCPIEEE, H
HHRORA F:CK X DVLAI Vangl2 (1 B2 4k, 111GSK3H 55 52 212 7k & G W Hh, 75 WntSaly il 0 F % 52 {LROR™; B: ROR141 F (IPIP3/AKT 5
STAT3{Z 5 i . RORUMIEPIBKIHNHIPTEN, i (i FPIP3JE i, PIP3KFAKTEEAEFIME |- 3 SAK TR (LA S . ROR L STAT3 W R
b, JEpSTAT3, i f5pSTAT3HE N4H A%, V4% 40 a9 5i; C: ROR1Z£4EGEF, #ifiRacl fIRhoA7R & 8. ROR1i# i ARHGEF2(#4Ser/Thr's 5245
MR EE4E) M ARHGEF6 i Racl, ili ARHGEF I FIARHGEF23#7% RohA .

A: schematic diagram of the formation of a ligand-acceptor complex by RORI1 in response to Wnt5a signaling. Wnt5a triggers the formation of com-
plexes of ROR1, ROR2, FZD, and DVL, thereby activating the Wnt/PCP pathway, where ROR mediates the phosphorylation of DVL and Vangl2 by
CK1, and GSK3 is recruited into the receptor complex and phosphorylated ROR in response to Wnt5a"; B: ROR1-mediated PIP3/AKT and STAT3
signaling pathways. ROR1 activates PI3K and inhibits PTEN, thereby promoting PIP3 formation, which recruits AKT onto the membrane and leads to
AKT phosphorylation and activation. ROR1 promotes phosphorylation of STAT3 to form pSTAT3, which then enters the nucleus and regulates cell pro-
liferation; C: schematic diagram of RORI recruiting GEF, activating Racl and RhoA. RORI activates Racl through ARHGEF2 (recruited by Ser/Thr
enrichment domains) and ARHGEF6, and RohA through ARHGEF1 and ARHGEF2.

E2 RORIZS5MBLRBXESEETEE

Fig.2 Schematic diagram of tumor development-related signaling pathways involved in ROR1
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R1 FLERORIAYIINE AR R R

Table 1 Research progress on anti-tumor drugs targeting ROR1

ZR HR T NE W TTkT B
Type of medication Name Indications Research phase
mAb Cirmtuzumab CLL Complete
h1B8 BC, HCC \
h6D4 \
CAR-T PRGN-3007 RORI" hematologic malignancies (including CLL, MCL, ALL Phase 1/1b clinical trial
RD14-01 and DLBCL) and solid tumors (TNBC) Phase 1/2 clinical trial
LYL797 RORI" relapsed or refractory TNBC, NSCLC, OV (including Phase 1 clinical trial
platinum-resistant epithelial ovarian/fallopian tube/primary peri-
toneal cancer) or UCEC
ONCT-808 BCL (including LBCL and MCL mantle cell lymphoma) Phase 1/2 clinical trial
BsAb EMB-07 Locally advanced/metastatic solid tumors or Phase 1 clinical trial
Relapsed/refractory lymphoma
APVO-425 TNBC Preclinical studies
NVG-111 CLL, SLL, MCL, FL and DLBCL Phase 1 clinical trial
Small molecule drugs ARI-1 NSCLC \
KANO0439834 CLL and PAAD \
KANO0441571C MCL \
PGG PRAD \
ADC BT-1 CLL and MCL \
Zilovertamab Vedotin DLBCL Phase 2/3 clinical trial
CS5001 A variety of hematologic and solid tumors Phase 1 clinical trial

CLL: M3k AN 1 1055 BC: FLARES; MCL: 41tk B8, HCC: FHi; ALL: 2Ptk EL4HE (7 195, DLBCL: 5538 KB MLtk LU TNBC: =
FAYEFUIRE; NSCLC: dR/NHRIE; OV: G SLJE; UCEC: T2 M IEJE; BCL: {RZ2TEBA M L% ; PAAD: BRIFKELBCL: KBZH ik CJ; SLL:
/IR EL 2R LR FL: 3@ it L2988, DLBCL: wi@ Pk B AN LR, NHL: R4 % itk LR, PRAD: HFUMRSE - \: ARHEA IR ARSI B -
CLL: chronic lymphocytic leukemia; BC: breast cancer; MCL: mantle cell lymphoma; HCC: liver cancer; ALL: acute lymphoblastic leukemia; DLB-

CL: diffuse large B-cell lymphoma; TNBC: triple-negative breast cancer; NSCLC: non-small cell lung cancer; OV: ovarian cancer; UCEC: endometrial

cancer; BCL: aggressive B-cell lymphoma; PAAD: pancreatic cancer LBCL: large B-cell lymphoma; SLL: small lymphocytic lymphoma; FL: follicular

lymphoma; DLBCL: diffuse large B-cell lymphoma; NHL: non-Hodgkin lymphoma; PRAD: prostate cancer. \: it has not yet entered the clinical trial

stage.
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