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We read with great interest the recent study by 

Xie et al., which showed for the first time that Docking 
protein 1 (DOK1) has an undiscovered role in 
promoting the progression of clear cell renal cell 
carcinoma (ccRCC) via the phosphatidylinositol-3- 
kinase (PI3K)/protein kinase B (AKT)/glycogen 
synthase kinase 3 beta (GSK3β) signaling axis [1]. This 
finding adds valuable insights to the growing body of 
evidence underlining the molecular intricacy of 
ccRCC, a particularly aggressive and challenging to 
treat histological subtype of renal cell carcinoma, 
comprising approximately 80% of all malignant 
tumors found within the kidney. 

The identification of DOK1 as an important 
tumorigenic factor opens new avenues for novel 
therapeutic interventions. This is especially timely 
given the urgent need for more effective treatment 
options for ccRCC patients. Despite recent advances 
in targeted therapies, such as tyrosine kinase, 
mechanistic target of rapamycin (mTOR) inhibitors, 
and immune checkpoint inhibitors (ICIs), the 
development of drug resistance and tumor 
heterogenicity hamper these efforts, whereas 
metastatic disease poses a serious clinical problem [2]. 

The correlation of DOK1 overexpression in 
ccRCC tissues with poorer patient outcomes 
underscores its potential as an appealing biomarker 
for both prognosis and therapeutic targeting. The 
results of the study by Xie et al. indicate that DOK1 
silencing can impede tumor proliferation, migration, 
and epithelial-mesenchymal transition (EMT), key 
processes implicated in tumor growth and metastasis 

[1]. The most exciting aspect of this research is that 
DOK1-targeted approaches could provide a new 
treatment strategy for ccRCC. DOK1 functions as a 
scaffold protein facilitating the assembly of 
multiprotein signaling complexes downstream of 
receptor tyrosine kinases (RTKs), hence regulating 
several signal transduction pathways [3, 4]. For 
instance, it has been demonstrated that DOK1 can 
interact with the Src homology 2 (SH2) domains of the 
Ras-specific GTPase-activating protein (RasGAP) 
p120RasGAP modulating Ras signaling [3]. 

The study of Xie et al. revealed that DOK1 fosters 
ccRCC progression through inhibition of the 
PI3K/AKT/GSK3β signaling cascade, known to 
control cell survival, proliferation, and metastasis. 
DOK1 knockdown in ccRCC cells reduced activation 
of PI3K and AKT, as well as hindered downstream 
signaling through GSK3β, a protein engaged in EMT 
regulation [1]. Therefore, future therapies aiming to 
target DOK1 could represent an effectual therapeutic 
approach. One possibility could be the design of 
selective small-molecule inhibitors or RNA-based 
therapies to block DOK1 expression or function in 
patients displaying high DOK1 levels. In a next step, 
combining such DOK1-targeted approaches with the 
currently available therapeutic regimens, such as ICIs, 
could augment the therapeutic window and 
overcome the development of drug resistance, 
commonly present in advanced ccRCC. Another 
therapeutic opportunity, according to the results of 
the study by Xie et al., could come from the 
exploration of epigenetic targeting assessing the 
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highly methylated DOK1 status. 
However, notwithstanding the promising 

findings of the study there are some limitations that 
need to be considered before they can be translated 
into clinical practice. First, although the compelling 
evidence of DOK1’s involvement in the 
PI3K/AKT/GSK3β signaling pathway in ccRCC, the 
broader network of interactions within the tumor 
microenvironment (TME) remains elusive. This is of 
cardinal importance because of the vague DOK1 role 
as tumor suppressor or tumor promoting in various 
contexts [5-10]. Thus, deciphering the 
DOK1-interacting signaling circuitries and the 
underpinning regulatory mechanisms would offer a 
clearer picture of its role in ccRCC. Most importantly, 
the conclusions drawn from in vitro experiments 
needs to be validated by in vivo models that will 
evaluate the clinical applicability of the 
DOK1-targeted strategy. Furthermore, the reliance on 
publicly available datasets, such as TCGA, while 
useful for large-scale analysis, introduces potential 
biases that may not fully capture the diversity of 
ccRCC cases. More localized, patient-specific data 
would help to confirm the relevance of these findings. 

In summary, the study by Xie et al. sheds light 
on the role of DOK1 in ccRCC and highlights its 
potential as a therapeutic target. Nevertheless, further 
research is necessary to move these findings in the 
clinical setting. 

Competing Interests 
The authors have declared that no competing 

interest exists. 

References 
1. Xie W, Shu B, Zhang Y, et al. DOK1 facilitates the advancement of ccRCC. J 

Cancer. 2024; 15(19):6213-6222. doi:10.7150/jca.104375. 
2. Choueiri TK, Motzer RJ. Systemic Therapy for Metastatic Renal-Cell 

Carcinoma. N Engl J Med. 2017; 376: 354-66. 
3. Vish KJ, Stiegler AL, Boggon TJ. Diverse p120RasGAP interactions with 

doubly phosphorylated partners EphB4, p190RhoGAP, and Dok1. J Biol 
Chem. 2023; 299:105098. 

4. Gutting T, Merkel A, Fink DJ, et al. Expression of the EGFR-RAS Inhibitory 
Proteins DOK1 and MTMR7 and its Significance in Colorectal Adenoma and 
Adenoma Recurrence. J Gastrointestin Liver Dis. 2021; 3: 446-55. 

5. Miah S, Goel RK, Dai C, et al. BRK targets Dok1 for ubiquitin-mediated 
proteasomal degradation to promote cell proliferation and migration PLoS 
One. 2014; 9: e87684. 

6. Guan Y, Li M, Qiu Z, et al. Comprehensive analysis of DOK family genes 
expression, immune characteristics, and drug sensitivity in human tumors. J 
Adv Res. 2021; 36: 73-87. 

7. Li T, Li B, Sara A, et al. Docking protein-1 promotes inflammatory 
macrophage signaling in gastric cancer. Oncoimmunology. 2019; 8: e1649961. 

8. Friedrich T, Söhn M, Gutting T, et al. Subcellular compartmentalization of 
docking protein-1 contributes to progression in colorectal cancer. 
EBioMedicine. 2016; 8: 159-72. 

9. Laletin V, Bernard PL, Montersino C, et al. DOK1 and DOK2 regulate CD8 T 
cell signaling and memory formation without affecting tumor cell killing. Sci 
Rep. 2024;14: 15053. 

10. Song Y, Qu Z, Feng H, et al. Genomic and Immunological Characterization of 
Pyroptosis in Lung Adenocarcinoma. J Oncol. 2022; 2022: 6905588. 

 
 


