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Abstract

Background Chronic lymphocytic leukemia (CLL) can still be a therapeutic challenge; notwithstanding substantial
progress in therapeutic approaches with small molecule inhibitors, the emergence of inhibitor resistance and
suboptimal long-term outcomes highlight the persistent need for novel, more effective treatment strategies,
especially targeting resistance.

Patients and methods Kinase activity screening was performed on UVI5008, followed by computational study.
The findings were validated through a comprehensive set of in vitro and ex vivo assays, including enzymatic,
cellular, transcriptional, genetic, epigenetic, and genomic assays, on primary CLL patient-derived peripheral blood
mononuclear cells and cell lines, as well as through in vivo studies using genetically engineered mouse models.

Results We identified a novel tyrosine kinase inhibitory activity of UVI5008, currently the only known epigenetic
modulator (epi-inhibitor) that directly targets Bruton’s tyrosine kinase (BTK), affecting both BTK expression and
enzymatic function. Our comprehensive analysis, combining in silico, ex vivo, and in vivo approaches, revealed that
UVI5008 effectively inhibits both wild-type BTK and the C481S mutated BTK isoform, commonly associated with BTK-
inhibitor resistance in CLL. Treatment with UVI5008 in B-cell lymphoma and leukemia disorders led to a substantial
increase in cellular apoptosis, accompanied by a notable reduction in phosphorylation and BTK protein levels, as
well as attenuation of downstream signaling, thus demonstrating superior efficacy compared to ibrutinib. Ex vivo
treatment of patient-derived CLL samples and in vivo murine models corroborated these results, further supporting
the potential of UVI5008 as a promising therapeutic agent.

Conclusion UVI5008 represents a promising pharmacological alternative to current BTK inhibitors. As the first-in-
class, non-covalent, reversible, BTK inhibitor and epi-inhibitor of expression. UV15008 demonstrates potent in vitro
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anti-tumor efficacy in relapsed/refractory CLL cells, including cases with the C481S BTK mutation and in in vivo animal

studies.

Highlights

«UVI5008 is a first-in-class reversible, non-covalent enzymatic inhibitor and epi-inhibitor of expression of

Bruton's tyrosine kinase (BTK).
UVI5008 exhibits potent binding and inhibition of both wild-type BTK and the resistance-associated C481S BTK
mutant.
UVI5008 shows robust antitumor activity in B-cell lymphoma/leukemia cell lines, primary patient derived CLL
cells, and in the TCLT mouse model.
UVI5008 has therapeutic potential in BTK-inhibitor resistant B-cell malignancies.
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Background

Aberrant activation of kinase signaling pathways is a
hallmark of B-cell malignancies. One key deregulated
pathway involves heightened expression and activation
of various components of the B-cell receptor (BCR) sig-
naling cascade, particularly Bruton’s tyrosine kinase
(BTK) [1]. BTK plays a central role in regulating criti-
cal biological processes, including cellular proliferation,
apoptosis, cytoskeletal reorganization, motility, metabo-
lism, angiogenesis, and immune evasion in tumors [2—4].
BTK inhibitors (BTKi) have revolutionized the treatment
landscape for B-cell malignancies, such as chronic lym-
phocytic leukemia (CLL), mantle cell lymphoma (MCL),
lymphoplasmacytic lymphoma/Waldenstréom macro-
globulinemia, and small lymphocytic lymphoma [5].
CLL is a clonal hematologic malignancy marked by the

progressive accumulation of mature, but functionally
impaired CD5* B-lymphocytes in peripheral blood (PB),
bone marrow (BM), and lymphoid tissues [6]; it predomi-
nantly affects the elderly (diagnosed around age 70), with
its progressive nature leading to significant morbidity and
mortality. While CLL often presents indolently in early
stages, it can evolve into a more aggressive form char-
acterized by complications including infections, autoim-
mune phenomena, and organ infiltration [6].

CLL pathogenesis is associated with aberrant genetic
mutations, particularly those affecting the BCR signal-
ing pathway [7] such as mutations in BTK and PLCy2,
leading to survival and clonal expansion of malignant
B-cells [1]. Despite significant therapeutic advances with
covalent BTK-inhibitors (BTKi) such as ibrutinib, acala-
brutinib, and zanubrutinib, agents that irreversibly bind
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to the cysteine 481 residue of BTK, long-term disease
control in CLL remain elusive. This is largely due to the
emergence of sub-clonal resistance and ultimate relapse
in a substantial proportion of patients [8—10]. Resis-
tance is frequently associated with mutations in BTK
(e.g., C481S), impairing the binding of covalent inhibitors
and leading to treatment failure [9], or activating muta-
tions in the downstream effector PLCy2 [11]. Non-cova-
lent reversible BTKi are active in treating CLL resistant
to covalent BTKi, including in patients harboring BTK
C481 mutations. Currently there is one available non-
covalent BTKi, pirtobrutinib (LOXO-305; Jaypirca®).
Pirtobrutinib has efficacy in patients with CLL resistant
to covalent BTKj, including those carrying C481S muta-
tions, although responses have limited durability. Pirto-
brutinib is approved by the US FDA and the EU EMA
for the treatment of patients with CLL or small lympho-
cytic lymphoma (SLL) previously exposed to a BTKi [12].
However, the need for alternative, more potent and dura-
ble therapeutic strategies remains critical, particularly for
patients who develop resistance to current BTKi treat-
ments [13].

Epigenomics of B-cell malignancies contribute to
clonal evolution, relapse, and therapeutic resistance.
In CLL, epigenetic deregulation is a key driver of dis-
ease progression and a promising therapeutic target
[14-16].UVI5008, a structural analog of natural prod-
uct psammaplin A, exhibits inhibitory activity against
specific epigenetic enzymes: histone deacetylases, DNA
methyltransferase 3a, and sirtuins 1 and 2 [17-19]. This
unique inhibitory profile makes UVI5008 a promis-
ing candidate for anticancer therapy. The compound
demonstrates broad-spectrum cytotoxicity across vari-
ous human cancer cell lines, including leukemia (K562,
U937), breast (MCF7), colon (HCT116), and prostate
(DU145) cancer, and melanoma (A375) [20]. Mechanisti-
cally, in both in vitro and in vivo models, the antitumor
efficacy of UVI5008 is further supported by activation of
death receptor signaling pathways and induction of reac-
tive oxygen species, occurring independently of canoni-
cal apoptotic mediators (e.g. TP53, BMF, TRAIL) [20].
Here, we identified and characterized a new activity of
UVI5008 as a direct inhibitor of BTK, impacting both
its transcriptional expression (via chromatin resetting)
and enzymatic activity. This dual mechanism of action
may provide a therapeutic advantage in BTKi-resistant
malignancies, making UVI5008 a first-in-class enzy-
matic inhibitor that also exerts negative gene regulation
through epigenetic modulation, a novel drug we called
an “epi-inhibitor”; with potential to overcome resistance-
associated treatment failure.
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Methods

Patients and cell lines

Mec-1 (RRID: ACC 497) and Mino (RRID: ACC 687)
and K562 (RRID: CVCL_0004)cell lines were cultured
in RPMI 1640 medium (EuroClone) supplemented with
10% and 20% heat-inactivated fetal bovine serum (FBS)
(EuroClone, ECS5000L), respectively, 1% glutamine
(MicroGem, TCL012), 1% penicillin/streptomycin (Euro-
Clone, ECB3001D), and 0.01% amphotericin B (Euro-
Clone, ECMO0009D). Granta-519 (RRID: ACC 342) cells
were cultured in DMEM (EuroClone) supplemented with
10% heat-inactivated FBS (EuroClone, ECS5000L), 1%
glutamine (MicroGem, TCLO012), 1% penicillin/strepto-
mycin (EuroClone, ECB3001D), and 0.01% amphoteri-
cin B (EuroClone, ECMO0009D). PB samples from CLL
patients were obtained from a cohort of 52 patients (Sup-
plementary Table 1), in accordance with ethical guide-
lines approved by the University of Campania “Luigi
Vanvitelli” Hospital Ethics Committee (protocol n. 296)
and by “Federico II” University Hospital Ethical Commit-
tee (protocol n. 347/19).

RNA sequencing

Following quantification on NanoDrop spectropho-
tometer (Thermo Fisher Scientific), samples were dou-
ble-checked using Qubit (Invitrogen) and checked on
Tapestation 4200 (Agilent Technologies), defining the
RNA Integrity Number (RIN). Samples with a RIN>7
were processed to generate libraries for mRNA sequenc-
ing following the Illumina® TruSeq Stranded mRNA
Sample Preparation Guide, starting from a defined con-
centration of 500 ng of material per sample.

Mouse models

Mice were bred in the pathogen-free animal facility of
the IRCCS San Raffaele Hospital in accordance with
European Union guidelines. The study was approved by
the Institutional Animal Care and Use Committee of
IRCCS San Raffaele Hospital and the Italian Ministry of
Health. Adoptive transfer (AT) of Eu-TCL1 tumors was
performed as previously described [21]. Briefly, 10 x 106
splenocytes from Ep-TCL1 mice (CD19+CD5 +leu-
kemic cells>90%) were transplanted by intravenous
injection into 8-week-old C57BL/6N wild-type male
mice (Charles River Laboratories International Inc.,) to
generate AT-Ep-TCL1. Transplanted mice were moni-
tored weekly for leukemia development by flow cytom-
etry of PB samples. Four weeks after transplant (10-20%
CD19 + CD5 +leukemic cells in PB), mice were random-
ized to treatment with UVI5008 at 20 mg/kg or 40 mg/kg
or vehicle. UVI5008 was dissolved in a solution contain-
ing 8% DMSO, 2.5% Tween 80, and 89.5% oil, according
to [20] and administered every other day for a total of 8
administrations. At necropsy, CD19+CD?5 +leukemic



Dell'Aversana et al. Journal of Hematology & Oncology (2026) 19:1

cell content in spleen, femoral BM, and PB was assessed
by flow cytometry.

See Supplementary Methods for all detailed protocols
and experimental conditions.

Results

UVI5008 is a novel non-covalent BTKi able to evade the
C481S mutation

UVI5008 was previously reported to be a potent, multi-
target epigenetic inhibitor, exhibiting remarkable anti-
cancer activity across various cancer models [20].
Building on these findings and through structural evalu-
ation, we focused and investigated the potential kinase
inhibitory activity of UVI5008 in kinase-driven cancer
contexts. Initially, UVI5008 demonstrated a marked
pro-apoptotic effect in CML cell line (K562), associated
with significant inhibition of ABL1 kinase activity and
accompanied by both reduced phosphorylation of CRKL
and downregulation of the anti-apoptotic protein BCL-
XL (Figure S1A-E). To explore our hypothesis, we per-
formed a kinase profiling assay against a panel of ~490
human kinases using Thermo Fisher’s SelectScreen.
UVI5008, at 5 puM, selectively inhibited a subset of eight
tyrosine and serine/threonine kinases, BTK, FGR, JAK3,
PRKCB2 (PKCpII), PRKCD (PKC§), CHEK2 (CHK2),
MAPKS (JNK1), and TEC, with at least 30% inhibition
(Fig. 1A). Particularly, we focused on the inhibitory effect
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and molecular binding of UVI5008 against BTK due to
its well-established role in B-cell malignancies and the
urgent need for alternative inhibitors in ibrutinib-resis-
tant patients [22].

We previously reported that UVI5008 undergoes intra-
cellular metabolism, generating two pharmacologically
active fragments of the corresponding thiols (UVI5008-
half), suggesting its function as a prodrug [20]. The cleav-
age at the central disulfide bridge, likely yielding smaller
and more flexible metabolites that retain biological
activity. We therefore performed a comprehensive com-
putational analysis of the binding affinity and interac-
tion profiles between UVI5008 and UVI5008-half with
BTK. A series of in silico investigations were conducted,
using ibrutinib and pirtobrutinib as negative and posi-
tive reference compounds, respectively, in terms of their
differential capability to overcome BTK C481S mutation-
associated resistance.

Ibrutinib, an irreversible BTKi, forms a covalent bond
with the BTK C481 residue by a thial-Michael addiction
to the acrylamide unit, a key anchoring point within the
active site (Figure S2AF). Its covalent interaction is also
stabilized by a hydrogen bond between the hydroxyl
group of the ligand in its protonated resonance form.
Additional interactions contribute to stabilization of
the ibrutinib—BTK complex and its inhibitory activ-
ity. Remarkably, Phe540 participates in a m—m stacking

A B D
100 2D binding mode for 2D binding mode for

£ 80 UVIBO0S bt FOX0:308 = First Simulation Second Simulation Third Simulation

§ & . : p

E & LY - &

S 60 / \“ e s oa ~f— 9

= =35 ) W\% * b =l

R <O e

3 3 5 & j @ ) R

® 20 = N\ ” N - e -

A} ¥ o o & e
0 « -1 —8 y N n -
~e_-8 ? o a e 3
P NN e Ba
O C ¥ oS
& & 5N eN e
S P F
F & FE
&<
— IC50 = 2.44 IC50 =3.10
MOLECULE MMGBSA AG Bind 100 100

(Kealimol)

2

LOX0-305

52,103

2
o

UVIS008-half

-41.939

8

% inhibition BTK activity
8

E
H
»
g
3
M
Z
@
€
g
z
E
£
=

20 40
UVI5008 [uM]

©4

T
40

20
UVIS008 [uM]

Fig. 1 UVI5008 acts as a novel non-covalent BTKi able to evade the C481S mutation (A) Kinase profiling (5 uM, 24 h) identifying selective inhibition of
eight kinases: BTK, FGR, JAK3, TEC, PRKCB2, PRKCD, CHEK2, and MAPK8. Data are mean + SEM; t-test: *p <0.05, **p <0.01, ***p <0.001, ****p <0.0001. (B)
Static docking of pirtobrutinib and UVI5008 showing distinct but converging binding modes; H-bonds (purple arrows), - interactions (green lines). (C)
Induced-fit docking (IFD) of UVI5008_half showing consistent binding orientation; key interactions involve residues 474, 475, 540, and Lys430. (D) MM-
GBSA analysis indicating stable binding of UVI5008_half in its best pose. (E) Molecular dynamics simulations confirming stable binding and interaction
profile across three replicates. (F) BTK kinase assay (WT and C481S) with UVI5008 at increasing concentrations; Data are presented as mean +SEM, and

statistical significance was assessed using a paired t-test (*p < 0.05; **p < 0.01; ***p < 0.001

L RREKR
i

p<0.0001)



Dell'Aversana et al. Journal of Hematology & Oncology

interaction with the terminal aryl ring of the diary ether
fragment, contributing to binding affinity. Furthermore,
the ibrutinib scaffold participates in a well-defined
hydrogen bonding network involving residues such as
Glu475 and Met477, which are essential interactions for
effective inhibition of BTK’s kinase activity (Figure S1B)
[23]. Interestingly, from available crystal structures of
pirtobrutinib (PDBid8FLL) and computational analysis
of UVI5008-half, the two molecules bind the BTK pro-
tein in a reversible comparable manner, without engag-
ing in a covalent interaction with Cys481, the critical
residue targeted by ibrutinib for irreversible inhibition
(Fig. 1B). The binding mode of pirtobrutinib showed
critical interactions that are essential for its inhibi-
tory activity. Notably, UVI5008-half accommodates the
indole ring into a hydrophobic pocket where Phe540
establishes a m—m stacking interaction with the aromatic
portion of the ligand, while Glu475 and Met477 par-
ticipate in a hydrogen bonding network contributing to
the overall binding process and kinase activity inhibi-
tion. In the case of UVI5008-half, computational dock-
ing and induced-fit docking simulations suggested that it
adopts a stable binding pose within the BTK active site,
although it showed greater flexibility than pirtobrutinib.
This flexibility can be attributed to the smaller molecu-
lar size and the presence of a relatively long chain of
rotatable bonds. Therefore, the ligand exhibited some
variability in its interaction partners during conforma-
tional sampling. Nevertheless, the molecule ultimately
adopted a converged binding conformation, consistently
stabilized by key residues, such as Thr474, Phe540, and
Glu475 (Fig. 1C), most of which are also involved in the
binding of pirtobrutinib. To further assess the stability of
UVI5008-half within the BTK binding pocket, three inde-
pendent 250 ns MD simulations were performed, each
starting from a random seed (Fig. 1D). Throughout all
simulations, the binding pose of UVI5008-half remained
stable. Notably, residues Phe540 and Thr474 consistently
maintained interactions with the ligand, suggesting their
critical role in stabilizing the binding conformation. In
contrast, the hydrogen bond between the thiol group
of UVI5008-half and Glu475, initially observed in static
docking models, was not retained during MD trajecto-
ries, suggesting that this interaction is likely transient in
nature. From a computational analysis of ligand—protein
binding energy, pirtobrutinib exhibited a higher binding
energy and was also more stable in maintaining its bind-
ing pose, although the complex with UVI5008-half was
also stable, with a negative AG binding of ~ —42 kcal/
mol (Fig. 1E). To assess whether UVI5008 is also effec-
tive in inhibiting mutant BTK, we performed kinase
assays using both wild-type BTK and the C481S mutant.
As shown in Fig. 1F, UVI5008 demonstrated inhibi-
tory activity against the C481S variant, indicating its
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potential effectiveness in overcoming resistance associ-
ated with this clinically relevant mutation. The stability of
the UVI5008-BTK interaction was further confirmed by
CETSA. Results demonstrated that the binding remained
stable up to 85 °C at 5 uM, and 70 °C at 0.5 uM, high-
lighting the robustness of the interaction across a range
of temperatures and suggesting a strong binding affinity
even at lower concentrations (Figure S2B). Importantly,
CETSA also confirmed that UVI5008 directly engages
the active, phosphorylated form of BTK (p-BTK), with
a thermal stabilization profile comparable to total BTK
(Figure S3A). Together, these results provide compelling
evidence that UVI5008 and its metabolite UVI5008-half
exert stable interactions with BTK through a non-cova-
lent mechanism that bypasses the C481S resistance-
related mutation. The conformational flexibility and
stable BTK binding of UVI5008 support its role as a
metabolically activated prodrug with strong therapeu-
tic potential able to overcome resistance in relapsed or
refractory patients unresponsive to covalent BTKi.

UVI5008 exerts synergistic and enhanced anti-tumor
effects in B-cell malignancies through its epigenetic,
transcriptional, and enzymatic inhibition of BTK

Given the stable enzymatic inhibition of BTK by
UVI5008, we selected appropriate cellular models
to assess its anti-tumor effects. These included the
Mec-1 CLL cell line and two MCL cell lines, Mino and
Granta-519, exhibiting varying degrees of resistance to
ibrutinib treatment. UVI5008 treatment at 5 M for 24 h
significantly reduced cell viability and increased apop-
totic pre-G1 cells in all three B-cell malignancy lines.
(Fig. 2A and B). Notably, these effects were stronger than
those exerted by ibrutinib, potentially due to UVI5008’s
dual mechanism of action combining enzymatic inhi-
bition and epigenetically mediated downregulation of
BTK expression, possibly along with collateral modula-
tion of additional kinases. Remarkably, UVI5008 not only
reduced BTK phosphorylation and induced efficient dis-
ruption of BCR signaling, but also markedly downregu-
lated BTK expression at both mRNA and protein level
(Fig. 2C).

To exhaustively assess whether UVI5008 also acts as
an epigenetic regulator on the BTK promoter region,
we performed chromatin immunoprecipitation (ChIP)-
qPCR analysis using Mec-1 cells. Specifically, we inves-
tigated key histone modifications associated with
transcriptional regulation, including H3K9/14 acetyla-
tion (open chromatin) and H3K27 trimethylation (closed
chromatin), as well as recruitment of active RNA poly-
merase II. UVI5008 epigenetically targeted the BTK
promoter region, profoundly reshaping chromatin archi-
tecture, particularly near the transcription start site
(Fig. 2D).
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Fig. 2 UVI5008 exhibits BTK inhibitory activity in CLL cells. (A) Cytotoxicity of UVI5008 and ibrutinib (5 uM, 24 h) in Mec-1, Mino, and Granta-519 cells
assessed by trypan blue (left) and MTT assay (right). (B) FACS analysis of cell viability (PI, top) and cell cycle (bottom) after treatment. (C) BTK mRNA levels
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T-test: *p < 0.05, *p<0.01, **p < 0.001, ***p < 0,0001

Next, we assessed the potential transcriptional regu-
lation of a panel of 89 tyrosine kinases after 24 h of
treatment with UVI5008 at 5 puM, obtaining a list of 31
differentially expressed genes in Mec-1 cells, 24 in Mino
cells, and 41 in Granta-519 cells (Supplementary Table 2).
Only 9 genes were commonly differentially expressed
across all three B-cell malignancy cell lines after UVI5008
treatment: SYK, HCK, EPHA1, SRC, BLK, EPHB6, CSK,
ERBB2, and BTK (Fig. 2E). Consistently, UVI5008 signifi-
cantly downregulated BTK in all tested cell lines, along
with SYK and CSK, suggesting a broader inhibition of the
BCR signaling pathway.

To further unravel the role of UVI5008, we performed
transcriptomic profiling via RNA sequencing (RNA-
seq) on Mec-1, Mino, and Granta-519 cell lines follow-
ing 24 h of treatment with UVI5008. Transcriptional
expression profiles revealed that 5590 upregulated and
2442 downregulated genes were shared between all three
cell lines after UVI5008 treatment (2<fold change< -2;
p-value <0.05) (Figure S2C left panel, and S2D left panel).
GO enrichment analysis of the top 10 most enriched
biological processes among commonly regulated genes

across all cell lines, separated into upregulated and
downregulated groups (Figure S2C, right panel, and S2D,
right panel), clearly revealed the specificity and cancer
system-dependent activity of UVI5008, particularly evi-
dent in pathways associated with downregulated genes.
UVI5008 treatment led to the consistent downregulation
of several immune-related pathways across all tested cell
lines, including B-cell activation, immune response, acti-
vation and regulation of signaling pathways, lymphocyte
and leukocyte activation, activation and positive regula-
tion of immune response, and RNA processing. These
pathways are directly linked to BTK-mediated BCR sig-
naling, highlighting the broad impact of UVI5008 on cel-
lular programs essential for B-cell malignancy survival
and immune regulation.

Analysis of the shared gene expression profile across all
cell lines revealed that the differentially expressed genes
(absolute fold change>2; p-value<0.05) in UVI5008-
treated cells consistently displayed the same directional
trend compared to controls, independent of the cel-
lular model (Fig. 3A and B). GSEA for KEGG pathways
showed the union of the pathways with highest (n=4;
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overrepresentation of upregulated genes) and lowest
(n=4; overrepresentation of downregulated genes) nor-
malized enrichment score (NES) per cell line (Fig. 3C and
D).

Comprehensive analysis of commonly differentially
expressed genes from RNA-seq data revealed the modu-
lation of four key pathways following UVI5008 treatment:
BCR signaling and PI3K-AKT signaling, thus confirming
previous findings, as well as cytokine—cytokine receptor
interaction and calcium signaling. In Fig. 3E, the gene
expression heatmap of differentially expressed genes
involved in pathways shown in Fig. 3D highlights that
UVI5008 impacts BTK, the immune microenvironment,
and intracellular signaling, key elements in B-cell malig-
nancies, which may contribute to its therapeutic efficacy
through alteration of immune responses and cellular
mechanisms driving tumor progression. Together, these
findings indicate that UVI5008 is a potent dual-action
agent that combines enzymatic inhibition and epigen-
etic repression of BTK effectively disrupting key survival
pathways in B-cell malignancies.

Preclinical evaluation of UVI5008 in ex vivo patient-derived
CLL cells
Our study included ex vivo analysis of primary patient-
derived cells from a cohort of 52 CLL patients (Supple-
mentary Table 1). All samples were collected from
peripheral blood and processed to assess both the pres-
ence of BTK mutations, with no genetic aberrations
detected at the time of analysis (data not shown), and
their responsiveness to UVI5008 treatment. UVI5008
treatment significantly increased cell death in CLL
patient-derived samples, compared to ibrutinib, as
assessed by PI-positivity using flow cytometry (Fig. 4A).
Based on treatment responsiveness, samples were
stratified into two subgroups. We defined a fold change
threshold for cell death (CD) induction, categorizing
patients as either Responsive (R) (fold change CD>2) or
Non-Responsive (NR) (fold change CD<2). The results
indicate a stronger and more rapid response to UVI5008
compared to ibrutinib. Specifically, the percentage of
UVI5008-responsive samples reached 38% at 24 h and
66% at 48 h, in contrast to the lower and stable respon-
siveness observed with ibrutinib, which remained within
the 14—18% range over the same time points (Fig. 4B).
We also investigated the impact of UVI5008 on cell
cycle dynamics and observed a marked accumulation of



Dell'Aversana et al. Journal of Hematology & Oncology (2026) 19:19 Page 8 of 12
A C D
2.0 *kk
80 =3 pre-G1 - —-
e = CTR ° H .
—~ . £ 100 = G1 2 454
22 6 3 Uvi5008 5 -s £z &
E =1 Ibrutinib H = G2am £% 1.04—
3Y 40 8 50 H
g‘& 5 ﬁ 0.5
%u>1 2 e g Kk
=2 e 0.04
S S e e e
0 /\Q_w s{» s“% ,@.“ s@ s‘b‘b ‘:’@ o
24h  48h 24h  48h 24h  48h RPN P ) & &
& & S R
N NS
B E
pt#1 pt#2 pte3 pt#4 ptHs pt#6 pL#7 ptHs
(o [ [emen]| [ (e | [onan e [co o en [o5 88 o o
24n 48h
| EIEEE[EI (o0 0v ol @@ &
=] - e ol il ] ST e e
e Es | T o (e [S=w]e
o T e [ [(ee] [Saw e o
pt#o pt#10 pt#1L pt#12 pt#13 pt#l4 pt#15 pL#16
Wes] e AR (eS| = =] ]
CE T e ey e =] =] =
[ N e ) -
24 48h PAKT
e e (- R [ e -] ) o
uVIs0085pM -+ - -+ - -+ - -+ - = 4w -+ - FE -+ -
IbrutinibsuM = =+ - -+ - -+ - -+ - -+ - -+ - -+ - -+
kK kK
K kK = CTR

B3 UVI5008 5uM
3 lbutinib 5 uM

ImageJ relative quantification
S O )

il

°

p-BTK

Fig.4 UVI5008 effects in CLL patient samples and Ep-TCL1 mouse model. (A) Pl cell viability staining of Mec-1, Mino, and Granta-519 cells after 24 h treat-
ment with UVI5008 or ibrutinib (5 uM). (B) Pie chart showing patient stratification by treatment response (> twofold increase in cell death). (C) Cell cycle
analysis by FACS after 24 h treatment with UVI5008 or ibrutinib (5 uM). (D) BTK mRNA (median of 50 CLL patients, left) and Western blot of BTK, p-BTK, AKT,
and p-AKT (right) following 24 h treatment with UVI5008 or ibrutinib (5 uM). (E) WB on analysis on a cohort of 16 patients to assess BTK, AKT, pBTK, and
PAKT expression after 24 h treatment with UVI5008 or ibrutinib (5 uM). DMSO was used as the control condition (CTR). Data are presented as mean + SEM,
and statistical significance was assessed using a paired t-test *p <0.05, **p <0.01, ***p <0.001, ***p < 0.0001

cells in pre-G1 phase following treatment, which resulted
in only 20% accumulation under the same conditions
(Fig. 4C). The molecular effects of UVI5008 on BTK
expression led to a dramatic reduction in BTK mRNA
(Fig. 4D). Additionally, we observed a negative regulation
of BTK and its downstream protein targets at protein
level in almost all tested CLL patient-derived samples
(n=16) (Fig. 4E, left right panel, representative group),
further supporting the impact of the compound on
BTK signaling. Together, these results demonstrate that
UVI5008 exerts potent antileukemic effects in primary
CLL samples, as observed in cell lines, showing superior
efficacy compared to ibrutinib by effectively inducing cell
death, disrupting cell cycle progression, downregulating
BTK expression at transcriptional and protein level, and
inhibiting BTK enzymatic activity.

Preclinical evidence of UVI5008 in Ep-TCL1 mouse models

To explore the potential therapeutic value of UVI5008
in CLL, we utilized the Eu-TCL1 syngeneic tumor trans-
fer (AT) CLL murine model. C57BL/6 wild-type recipi-
ent mice received 10x10° splenocytes derived from

donor Ep-TCL1. When AT-Ep-TCL1 mice reached a
disease range between 10 and 20% of malignant cells
(CD19*CD5") in PB, they were randomized into four
groups to receive intraperitoneally UVI5008 at either
20 mg/kg (n=4) or 40 mg/kg (n=4) or vehicle (n=4)
every second day, or to remain untreated (n=4). Mice
were sacrificed after 8 doses of treatment to evaluate
disease expansion in PB and lymphoid tissues (Fig. 5A).
Mice treated with UVI5008 at 20 mg/kg displayed a
decreasing trend in the number of leukemic cells in lym-
phoid tissues compared to control vehicle-treated mice.
More importantly, the higher UVI5008 dosage (40 mg/
kg) promoted a decrease in spleen size and weight
(Fig. 5B) and a statistically significant reduction in leu-
kemic cells in spleen, BM, and PB compared to controls
(Fig. 5C). In addition, BTK and p-BTK expression were
evaluated in experimental mouse groups treated with
UVI5008 at 20 mg/kg and 40 mg/kg, compared to vehi-
cle-treated and untreated controls. UVI5008 administra-
tion induced a dramatic reduction in BTK mRNA levels,
accompanied by a pronounced decrease in both total
BTK and its active, phosphorylated form (Figure S3B).
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Within the available spleen flow cytometry datasets from
the TCL1 model, we assessed the impact of UVI5008
on non-malignant CD19*CD5" B cells and CD19-CD5*
populations. UVI5008 spared these non-malignant pop-
ulations, which showed a slight increase (Figure S4). As
expected, mice treated with UVI5008, or vehicle alone

developed peritoneal ascites caused by the chemical
composition of the vehicle. These findings demonstrate
that UVI5008 effectively suppresses CLL progression in
vivo in a dose-dependent manner, significantly reducing
leukemic burden across key tissues.
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Discussion

This study identified a new therapeutic application for
UVI5008, a known anticancer epi-drug, as a non-cova-
lent epigenetic inhibitor of BTK, underscoring its poten-
tial in BCR-driven malignancies. Our findings position
UVI5008 as a promising alternative or addition to current
BTK-targeted therapies. Based on initial insights into the
potential collateral activity of UVI5008, we expanded our
investigation, hypothesizing, and ultimately discovering
its new activity as a kinase inhibitor.

The therapeutic value of UVI5008 lies in its ability to
inhibit BTK through two distinct mechanisms: epigeneti-
cally, by repressing its transcription through promoter
closure, and directly, by binding to and inhibiting the
BTK enzyme. This dual mechanism represents the true
novelty of the drug, which enhances its therapeutic effi-
cacy against BTK as well as the BTK C481S mutant and
establishes UVI5008 as a groundbreaking alternative to
conventional BTKi. Initially, we observed that UVI5008
inhibited ABL1 and exhibited anticancer effects in CML.
A kinase profiling assay against 490 human kinases
revealed that UVI5008 selectively inhibits a subset of
eight tyrosine and serine/threonine kinases, including
BTK, FGR, JAK3, PRKCB2, PRKCD, CHEK2, MAPKS,
and TEC, with at least 30% inhibition. This suggests that
the compound has a non-promiscuous pharmacological
profile, minimizing the risk of off-target effects. Given
the significant role of BTK in B-cell malignancies and the
clinical need for alternative BTKi in ibrutinib-resistant
patients, this work focused on BTK as the primary tar-
get. Interestingly, ABL1 inhibitors such as dasatinib also
show BTK inhibitory activity, strengthening the ratio-
nale for investigating UVI5008 in BTK-dependent B-cell
malignancies.

In silico studies using ibrutinib and pirtobrutinib as
reference compounds corroborated and strengthened a
stable interaction between UVI5008 and BTK. UVI5008
undergoes intracellular metabolism, generating active
fragments including UVI5008-half. MD simulations
suggested that UVI5008-half binds stably to BTK with-
out engaging in a covalent interaction with Cys481, the
target residue of ibrutinib. UVI5008-half was stable in
its binding pose, with key interactions at Thr474 and
Phe540. Binding energy computational analysis revealed
that UVI5008-half exhibits a negative AG of bind-
ing ~ —42 kcal/mol (MMGBSA), indicating a stable inter-
action with BTK, a finding further confirmed by CETSA,
which demonstrated robust thermal stabilization of the
UVI5008-BTK complex up to 85 °C at 5 uM, and 70 °C
at 0.5 pM. To strengthen our binding mode hypothesis,
in silico covalent docking approaches were set to evalu-
ate if a covalent binding was possible, firstly consider-
ing known reactive moieties within the UVI5008-half
molecule [24, 25]. For Michael addiction, nucleophilic
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substitution or nucleophilic addition, no energetically
favorable solutions were retrieved analyzing Cys481 and
other possible reactive residues surrounding the ligand.
Moreover, considering the stable binding pose proposed
by in silico analysis, the Bromine substituted indole
seems to accommodate into a hydrophobic pocket, where
there are no reactive residues, in proximity, that could
interact through a possible SN2 nucleophilic substitution
with Br. Indeed, these preliminary evaluations suggest a
non-covalent binding mechanism.

UVI5008 appears able to overcome resistance in
patients harboring the BTK C481S mutation. Notably, its
inhibitory activity against the mutant BTK makes it com-
parable to pirtobrutinib, the most advanced next-gener-
ation BTKi already FDA/EMA-approved for treatment
of CLL (72% overall response rate in relapsed or refrac-
tory patients). In this context, the comparable inhibitory
activity, binding stability, and non-covalent interaction
profile of UVI5008 against the BTK C481S mutant posi-
tion the compound as a highly promising therapeutic
alternative. Additionally, UVI5008 metabolism offers a
significant advantage as a potential prodrug. The active
metabolite, UVI5008-half, retains its biological activity,
suggesting that lower effective doses may be sufficient to
achieve therapeutic effects, potentially reducing toxicity
and enhancing tolerability.

Using established cellular models of CLL (Mec-1) and
MCL (Mino, Granta-519), we confirmed that UVI5008
significantly reduces viability, and induces apoptosis, par-
ticularly after 48 h. Mechanistically, UVI5008 not only
inhibits BTK phosphorylation and disrupts BCR signal-
ing, as ibrutinib does, but also reduces BTK expression
at both mRNA and protein level. This dual effect on BTK
suggests that UVI5008 may overcome resistance linked
to persistent BTK expression despite kinase inhibition.
Importantly, our ChIP-qPCR data show that UVI5008
induces epigenetic remodeling at the BTK promoter,
characterized by reduced H3K9/14 acetylation, increased
H3K27 trimethylation, and diminished active RNA
polymerase II recruitment. These findings indicate that
UVI5008 not only targets BTK functionally but also tran-
scriptionally, by promoting a repressive chromatin state
that silences its gene expression.

Transcriptome-wide RNA-seq analysis further under-
scored the wide-ranging effects of UVI5008. Thousands
of genes were commonly modulated across all three cell
lines, with a strong convergence on immune-related bio-
logical processes. GO enrichment analysis revealed con-
sistent downregulation of pathways involved in B-cell
activation, immune response modulation, lymphocyte
activation, and RNA processing. These processes are crit-
ically dependent on intact BTK signaling and are central
to the survival and function of malignant B-cells. Nota-
bly, GSEA confirmed downregulation of key oncogenic
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pathways including BCR and PI3K-AKT signaling and
revealed alterations in cytokine—cytokine receptor inter-
action and calcium signaling, suggesting that UVI5008
exerts a comprehensive impact on intracellular and
microenvironmental signaling networks. We corrobo-
rated our findings by performing ex vivo experiments
in primary PB samples from 52 CLL patients. UVI5008
induced significant cell death in patient-derived CLL
cells, demonstrating a higher and faster response rate
compared to ibrutinib (38% at 24 h and 66% at 48 h
vs. 14-18% for ibrutinib). In ex vivo experiments, we
observed a robust pre-G1 accumulation, accompanied by
a dramatic abrogation of BTK expression and modulation
of downstream signaling pathways. In vivo, the Ep-TCL1
murine model faithfully recapitulated UVI5008-mediated
BTK modulation and enzymatic inhibition, demonstrat-
ing robust, dose-dependent antileukemic efficacy, with
pronounced reductions in spleen size and in selective
leukemic cell burden across multiple tissues, while spar-
ing normal hematopoietic populations.

Conclusion

This study unveils UVI5008 as a groundbreaking, first-
in-class, non-covalent BTK “epi-inhibitor” and as a novel
therapeutic option for CLL. This epi-drug induces rapid,
potent cell death in B-cell malignancies through a unique
dual action: inhibiting BTK enzymatic activity and silenc-
ing its expression via chromatin closure, including in
resistant mutants. Further investigation is needed to fully
understand its long-term epigenetic effects and poten-
tial off-target impacts. Nonetheless, the uniqueness of
UVI5008 positions it as an innovative therapeutic oppor-
tunity in BTK-dependent malignant B-cell cancers.
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