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要     旨 

Purpose:                                             

Adult T-cell leukemia/lymphoma (ATL) is an aggressive T-cell neoplasia associated with human T-cell leukemia 

virus type 1 (HTLV-1) infection and has an extremely poor prognosis. Lenalidomide (LEN), a second-generation 

immunomodulatory drug (IMiD), has been employed as an additional therapeutic option for ATL since 2017. 

However, its mechanism of action has not been fully elucidated, and recent studies have raised concerns about the 

development of second primary malignancies in patients undergoing long-term IMiD therapy. This study aims to 

elucidate the IMiD-mediated anti-ATL mechanisms and explore the potential of novel IMiD compounds, 

particularly iberdomide (IBE, a novel IMiD), as substitutes for LEN.                                             

                                                             

Methods:                                                                                  

To clarify the mechanisms of IMiD-mediated anti-ATL activity, 13 ATL-related cell lines and three types of IMiDs, 



including LEN, pomalidomide (POM, a third-generation IMiD), and IBE were investigated using cellular 

biochemical analysis and bioinformatic approaches. The xenografted SCID mice were used to confirm 

LEN-mediated anti-ATL effectiveness in vivo.                                              

Results:                                              

Among 13 ATL-related cell lines, HuT102 and TL-Om1 exhibited best response to LEN treatment and 

LEN-mediated functional modulation of E3-ubiquitin ligase cereblon (CRBN) induced degradation of 

hematopoietic-specific ikaros-family transcription factors IKZF1 and IKZF3 followed by suppression of their 

down-stream effectors IRF4 and c-Myc (both have been implied to promote ATL cell malignancy). While 

CRBN-knockdown in HuT102 imposed LEN-resistance, IKZF2-KD in LEN-resistant ED40515 induced LEN 

sensitivity. DNA microarray analysis on LEN-treated HuT102 and OATL4 (LEN-resistant) displayed distinct 

LEN-responding transcriptional profiles; restoration of immune competency for HuT102 and oncogenic growth 

promotion for OATL4 respectively. Oral administration of LEN to HuT102-xenografted SCID mice demonstrated 

significant reduction of tumor mass. Finally, comparison of anti-ATL effects among LEN, POM and IBE, revealed 

deeper and wider range of growth suppression to ATL cells only by IBE. IBE induced effective IKZF2 

degradation as well as IKZF1/3.                                              

Discussion and conclusions:                                                                               

LEN was found to suppress ATL cell growth both in vitro and in vivo through the degradation of IKZF1/3 and 

their downstream factors, IRF4 and c-Myc. The CRBN protein plays an essential role in LEN treatment by 

inducing ubiquitinat ion and degradation of target proteins. The development of tolerance to LEN was attributed 

to the expression of IKZF2. Enrichment analysis showed that L EN-resistant cells exhibited upregulation of 

pathways related to cancer progression, whereas LEN-sensitive cells showed significant expression of 

immune  response related pathways following LEN treatment. In contrast, IBE/CELMoD demonstrated a broader 

and more potent spectrum of ATL cell growth suppressi on, effectively degrading IKZF2 along with IKZF1/3. 

This superior efficacy was not observed with LEN and pomalidomide (POM).                                              


