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Abstract

Phosphodiesterase 3 A (PDE3A) is a well-characterized enzyme that plays a crucial role in various cellular processes,
including cAMP-mediated signaling, CREB-mediated induction of p21 and signaling through protein kinases A and G.
PDE3A has also been suggested as an inflammation-associated stemness gene which upon interaction with protein SLFNI2,
leads to blocked protein translation and induction of apoptosis. PDE3A has been found to be highly expressed in several
human cancer types including sarcomas, pancreatic ductal adenocarcinoma, non-small cell lung cancer and melanoma.
PDE3A4 has thus emerged as a potential therapeutic cancer target. However, to fully understand the functional role and
validate target potential of PDE3A in different human cancers, further research is needed. We report here a pan-cancer ex
vivo study of PDE3A protein expression across 24 different cancer types represented by 59 different molecular subtypes
correlated with ex vivo drug screening of PDE3A-SLFNI2 molecular glue anagrelide in 250 patient derived functional
tumor models. Results of the study identify highest PDE3A expression in melanomas and across different histological
subtypes of sarcomas. Correlating with the expression profile of PDE3A4, anagrelide was found to display best therapeutic
potential in sarcomas with high protein expression of both PDE3A and SLFNI2, though sarcoma heterogeneity warrants
further subtype-specific validation.

Key message

e 250 patient samples included in a functional ex vivo target validation study.

e Proteomic profiling identifies high expression of PDE3A in several cancer types.
e Anagrelide shows best therapeutic efficacy in sarcomas and melanomas.

e Expression of PDE3B expression not correlating with efficacy of anagrelide.
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Introduction

PDE3A plays a multifaceted role in multiple cellular pro-
cesses, including cAMP degradation, phosphorylation,
dephosphorylation, and signaling. Its functions extend
to the regulation of protein isoforms, protein biosynthe-
sis, and the activity of other proteins such as PKA, PKG
and SERCA2. The diverse roles of PDE3A underscore its
importance in physiological and pathological conditions,
making it a potential target for therapeutic interventions
and several treatments have been identified that modulate
PDE34 activity, including 8-chloro-cyclic adenosine mono-
phosphate, anagrelide, cilostamide, cilostazol, estradiol,
milrinone, thrombin and trequinsin, These treatments have
been shown to affect various biological processes, includ-
ing platelet function, oocyte competence, and cancer cell
growth. Anagrelide, cilostazol, milrinone, and cilostamide
have been shown to downregulate PDE34 enzyme activ-
ity, impacting maturation of megakaryocytes and platelet
function and oocyte development [1-4]. Thrombin, on the
other hand, upregulates PDE3A activity, leading to a reduc-
tion in intracellular cyclic AMP concentration in human
platelets [5, 6]. Other treatments such as 8-chloro-cyclic
adenosine monophosphate, trequinsin, and anagrelide also
affect modulate PDE3A4 functionality, with implications
for cancer cell growth and apoptosis [7—10]. In cancers,
the PDE3A gene has been found to be highly expressed in
e.g., melanoma [11, 12], glioblastoma [13], ovarian cancers
[14], pancreatic ductal adenocarcinoma [15], and differ-
ent molecular subtypes of sarcomas including gastrointes-
tinal stromal tumor (GIST) [16] and myxoid liposarcoma
[17]. This high PDE3A expression when accompanied
with co-expression of SLFNI2 has been associated with
the potential for PDE3A-SLFNI2 modulators to be used
as a therapeutic strategy in these types of cancer [12—14,
17]. Recent studies have described in detail the molecular
mechanism how molecular glue compounds called velcrins
induce PDE3A-SLFNI2 complex formation and activate the
specific RNase function of SLFN12 towards tRNALY(TAA)
substrate digestion resulting in stalling of protein synthe-
sis and apoptosis [13, 18-20]. However, further research is
needed to fully understand the frequency and role of high
PDE3A-SLFNI2 expression in different cancers, to assess
whether on-target toxicities such as severe thrombocytope-
nia or cardiovascular side effects limit clinical use, and to
develop effective biomarker guided therapeutic strategies
for PDE3A4 modulation sensitive tumors.

To extend target validation of PDE3A across different
human cancers, we used patient-derived functional ex vivo
tumor models to study the correlation between PDE3A and
SLFNI12 expression and therapeutic efficacy of PDE3A
modulation in different cancers. Vital tumor cells isolated
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directly from surgical tissue sample, needle biopsy or
malignant effusion of 250 individual patients, representing
24 major anatomical cancer types and 59 different histo-
logical or molecular subtypes were utilized for comparative
reverse-phase-protein array (RPPA) -based protein expres-
sion analysis of PDE3A and SLFNI2 and parallel ex vivo
drug screening of anagrelide. Results of the study validate
high expression of the targets in subsets of brain tumors,
melanomas and sarcomas and reveal potential novel indica-
tions for repurposing and further therapeutic development
of PDE3A4 modulators including subsets of bladder-, chol-
angio-, endometrial-, and head and neck cancers. Individual
anagrelide responsive tumors were also identified among
breast, lung and pancreatic cancers. The performed analysis
is to date the broadest reported pan-cancer ex vivo target
evaluation study including both the highest number of indi-
vidual patient samples and different cancer types included in
any single reported ex vivo drug screening study.

Materials and methods
Patient samples

Patient samples were collected between 2016 and 2024
in context of four ongoing clinical studies focusing on
the development of ex vivo drug screening techniques.
The use of patient samples was approved by the Finnish
National Supervisory Authority for Welfare and Health
(V/39,706/2019), regional ethics committee of the Univer-
sity of Turku (51/1803/2017, 166/1801/2015), University
of Turku Hospital (T295/2023, 64 /1801/2022, T0/021/18
and T180/2013-1), Auria biobank scientific board (AB19-
6863 and AB18-2741), the regional ethics committee
of the wellbeing services county of Southwest Finland
(3/1801/2013) and the regional ethics committee of the
Central Finland Healthcare District, Jyvaskyld medical cen-
ter (KSSHP/3U/2015). All experiments were undertaken
with the understanding and written consent of the patients
and the study methodologies conformed to the standards set
by the Declaration of Helsinki. Altogether, 250 patient sam-
ples representing 24 major anatomical cancer types were
included in the study. The patients were identified after con-
firming the biopsies taken from the tumor and the analyses
performed by a pathologist. Thereafter, the selected patients
were invited to participate and sign a written informed
consent by the treating clinician at the study centers. The
tissue samples were collected during routine operations
performed as part of the patients” standard care and only
excess tissue left over from any diagnostic procedures were
used for the study. Live unfixed tissues were placed into a
sterile RPMI-1640 medium (Gibco) and delivered to the



Journal of Molecular Medicine (2026) 104:69

Page3of 10 69

research laboratory for immediate ex vivo drug screening.
Upon receipt at the laboratory, a 1-5 mm?® fragment of the
bulk tumor tissue was collected and snap frozen for later
preparation of a lysate sample for the reverse-phase-protein
array analyses. A total of 1x10* to 1x10° isolated live
cells were used for the ex vivo drug screening immediately
on day of the operation. All cell culture experiments were
performed in standard cell culture conditions (37 °C, 5%
C02) in RPMI-1640 medium supplemented with penicillin/
streptomycin (100 units/100 mg), l-glutamine (2 mmol/L),
Ix ITS-G (Gibco) and fetal bovine serum (1%, Biowest).
GIST882 reference cell line was kindly provided by Dr.
Jonathan Fletcher (Harvard Medical School, Boston, MA,
USA).

Ex vivo drug screening

Ex vivo drug test with anagrelide (Selleck Biochemicals)
was performed with four doses; 5000, 2500, 1250 and
625nM in 384-well microplate [20, 21]. Briefly, cells iso-
lated from the tumor tissues by mechanical and enzymatic
dissociation were dispensed as a single cell suspension into
a 384-well plate readily containing the drugs and the con-
trols (DMSO, staurosporin and imatinib). Cells were incu-
bated with the drugs in standard cell culturing conditions
(37 °C, 5% CO,) for 96-hours and analyzed using an enzy-
matic cell viability assay CellTiter-Glo (Promega) accord-
ing to the manufacturer’s instructions with a luminescence
plate reader (Labrox, Turku, Finland) [22].

Reverse-phase protein array (RPPA) analysis

1-5 mm?® of fresh bulk tumor tissue or 1 x 10° cells pel-
leted from malignant effusion samples were collected from
all included patient samples and used to prepare a lysate
sample for the RPPA array printing [23]. Pellet extracted
from sarcoma cell line GIST882 was used as a reference
sample. Samples were lysed in 20 pl of lysis buffer contain-
ing 100 mM Tris (pH 8.0), 0.2% SDS and 25 mM DTT.
Prior to array printing, the lysates were denatured in 95 °C
for 15 min. Denatured lysates were printed in random order
with two replicates onto nitrocellulose-coated glass slides
(Grace Biolabs, #305177) with a Genetix QArray Mini
Arrayer (Molecular Devices). Primary antibodies used for
reverse-phase protein array experiments were anti-PDE3A
(#HPA014492, Sigma-Aldrich), anti-SLFN12 (ab234418,
Abcam) and anti-PDE3B (#HPA024342, Sigma-Aldrich).
Secondary detection was performed with a goat anti-mouse
IgG conjugated to DyLight 680 (#35518, Thermo Pierce)
and goat anti-rabbit IgG conjugated to DyLight 800 (#35571,
Thermo Pierce) antibodies. For total protein measurement,
the arrays were stained with a Sypro Ruby Blot solution

(Invitrogen) and an antibody for actin (#4970, Cell Signal-
ing Technology). The slides were scanned with a Tecan LS
Reloaded (Tecan) microarray scanner to detect the Sypro
signals for total protein and Odyssey Licor IR-scanner (LI-
COR Biosciences) to detect the antibody signals. Array-Pro
Analyzer microarray analysis software (V6.3, Media Cyber-
netics) was used for analyzing the data. Antibody signals
were normalized to the Sypro total protein and z-score stan-
dardized. Z-scores < — 2.0 or > 2.0 (—/+ 2xstandard devia-
tion from the whole sample collection) were considered as
significantly down-regulated or up-regulated, respectively.
Box plots and Pearson correlation analyses were created on
GraphPad Prism (v.10.4.1) software. Results of the RPPA
analysis are provided in Supplementary Table 1.

Statistical analysis

Ex vivo drug screening data were analyzed using normalized
growth rate inhibition metric (GR score) yielding per-divi-
sion metrics for drug potency and efficacy as described [24].
Briefly, dose response of the tumor samples to anagrelide
was measured as % viability normalized to DMSO control
treatment (negative control), 5 uM staurosporin (positive
control), and 2 pM aphidicolin [24, see Eq. 1 in Statistical
Analysis] and used for calculation of a GR score averaged
across the full concentration range. GR score was calcu-
lated using R version 4.3.3, ICy, value calculations were
performed with Prism statistical software (v.10.5.0), RPPA
signal analyses were performed with Microsoft Excel. Sta-
tistical analyses of PDE34 and SLFNI2 expression levels
and GR score-based response to anagrelide in different can-
cer types was done by performing a Kolmogorov-Smirnov
(K-S) based enrichment analysis using the R-package stats
(R Core Team 2024). Standardized mean protein expres-
sion or GR score values across all cell lines were ranked
in descending order and the D-statistic (D), calculated as a
running sum of the differences between the cumulative dis-
tributions of the cancer-specific subset and the full dataset
to account for the skewedness of the distributions, was used
as an enrichment score. Statistical significance was assessed
using the K-S test, with exact p-values calculated via 10 000
Monte Carlo simulations. In silico analyses of the associa-
tion between the PDE3A and SLFN12 mRNA expression
(logTPM + 1) and anagrelide response (area under dose-
response curve, AUC) were evaluated with cell line data
from the Cancer Cell Line Encyclopedia (CCLE, n = 476)
derived from DepMap using linear regression. The gene
expression and AUC values were standardized to z-scores
prior to analysis. Models included terms for PDE3A and
SLFN12 and their interaction to assess both individual and
joint associations with drug response. Statistical signifi-
cance of model coefficients was evaluated using t-tests, and
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model fit was summarized using the coefficient of determi-
nation (R?) [25].

Results

Pan-cancer RPPA analysis of PDE3A and SLFN12
protein expression

RPPA protein array technology was used to assess PDE3A
and SLFNI2 protein level expression in patient-derived
tumor samples. Altogether 250 patient samples representing
24 major anatomical cancer types and 59 different molecu-
lar or histological subtypes with 44% of samples derived
from a primary tumor were included in the study (Fig. 1a).
The RPPA analysis identified that the baseline expression
level of PDE3A and SLFNI2 did not vary significantly
between majority of the tumor samples but a subset of
tumors representing different cancer types expressed high
levels of both PDE34 and SLFN12 (Fig. 1b-c), though still
lower than in a high expressing positive control reference

cell line GIST882 [16] (Fig. 1d). High expression of PDE3A
(z-score > + 2) was detected in 6.4% (n = 16) (Fig. 1b) and
high expression of SLFNI2 (z-score > + 2) in 7.7% (n =
19) of the analyzed samples (Fig. 1c). Tumors with the
highest PDE34 and SLFNI2 expression levels included
melanomas and sarcomas (Fig. 1d-e). Expression level dis-
tribution analysis highlighted statistically significant enrich-
ment of PDE3A expression (K-S test D = 0.333, p = 5.40
x 10™ %) and SLFNI2 expression (K-S test D = 0.418, p =
4.00 x 10~ *) in sarcomas (Fig. 1c). Other individual tumor
samples with high expression (z-score > + 2) were derived
from cholangiocarcinoma, head and neck-, renal-, lung- and
ovarian cancers (Fig. 1d). Overall, PDE3A and SLFN12 dis-
played a significant co-expression pattern (R? = 0.83) across
all cancer types (Fig. le).

Pan-cancer ex vivo assessment of anagrelide
therapy efficacy

Anagrelide was granted approval by the FDA in March 1997
for the treatment of essential thrombocythemia as a PDE3A4
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Fig. 1 Reverse phase protein array (RPPA) screen for PDE3A and
SLFNI12 expression in patient derived tumor samples. (a) 250 tumor
cell samples collected from 24 major anatomical cancer types and
representing 59 different histological or molecular subtypes were
included in the study. 44% of the samples were derived from a primary
tumor and 56% from a metastatic tumor. (b) Histogram showing the
z-score distribution of the RPPA quantified PDE3A expression level
across all samples (left) and scatter plot showing significant K-S based
enrichment of PDE3A expression in the different anatomical cancer
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types (right). (¢) Histogram showing the z-score distribution of the
RPPA quantified SLFN12 expression level across all samples (left)
and scatter plot showing significant K-S based enrichment of SLFN12
expression in the different anatomical cancer types (right). (d) Box
plots showing the cancer type -level expression distribution of PDE3A
(left) and SLFN12 (right) across all cancer types. Positive reference
cell line sample GIST882 shown with a separate dot together with the
sarcoma patient samples. (€) A scatter plot showing the correlation of
the cancer type averaged expression levels of PDE3A and SLFN12
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inhibitor [26]. Since then, several studies have shown that
anagrelide displays also significant anti-cancer potential
by inducing cancer cell growth inhibition and cell death by
promoting complex formation of PDE3A and SLFNI2 [9,
27]. To evaluate therapeutic activity of anagrelide in differ-
ent human cancers we compared its efficacy in the collected
patient-derived tumor samples using ex vivo drug screening
[21-23]. Vital tumor cells isolated immediately on the day
of operation by enzymatic dissociation of the tumor tissues
were used for high-throughput drug screens where anagrelide
was included as one of the tested therapeutic drugs [21-23].
Tissue derived single cell milieu suspensions were exposed
to anagrelide with a concentration range of 625 nM to 5 uM
for 96 h after which cell viability was measured using an
enzymatic cell viability assay [28]. To identify cancers most
sensitive to anagrelide we compared the efficacy between
the samples based on growth rate corrected (GR score) drug
responses [24] and based on calculated ICj, estimates (Fig.
2a-b). Based on the growth rate normalized drug responses,
14/250 samples were found to be sensitive to anagrelide with
a potent cytotoxic therapeutic response to the drug (GR score
< 0), while an additional 79/250 samples showed sensitiv-
ity through growth inhibition (GR score 0-1) (Fig. 2a). The
ICs, of anagrelide varied from 97 nM up (Fig. 2b). The most
sensitive sample with anagrelide ICs, of 97 nM was a GIST
tumor sample while the second most sensitive sample with
ICs, of 130 nM was derived from recurrent BRAF V600E
mutant skin melanoma (Fig. 2¢). For comparison, the ICj,

a GR score — dose response averaged
1
0,5
0
GRmean
0,5 {{ = 1 (no response)
[J 0- 1 (growth inhibition)
Il < 0 (cytotoxic)
E]
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Fig. 2 Pan-cancer ex vivo analysis of anagrelide therapy efficacy.
(a) Waterfall plot showing the dose response averaged GR score of
anagrelide across all tested tumor samples. (b) Histogram showing the
IC5, distribution (-log10 ICs, M) of anagrelide. (¢) Box plot showing
the ICs, distributions of anagrelide across all tested cancer types with

of anagrelide in the reference GIST model cell line GIST882
is 24nM [16]. Overall, the ICy, of anagrelide was < 1uM
in 5 patient samples (2%), 1 to 5uM in 30 patient samples
(12%) and 5 to 10uM in 23 patient samples (9.2%) (Fig.
2b). No dose dependent response to anagrelide was seen in
82/250 samples (32.8%). Based on comparison of the tumor
type level efficacy, anagrelide was found to display highest
median therapeutic activity in cholangiocarcinoma, sino-
nasal cancer, endometrial cancer, melanoma and sarcoma
samples, the last two being the cancer types with the high-
est expression level of PDE3A and SLFN12 on basis of the
RPPA expression profiling (Figs. 1e and 2c¢). Across all eval-
uated cancer types, anagrelide displayed the most statisti-
cally significant therapeutic activity on basis of the GR score
in sarcomas (K-S test D =-0.30, p = 0.015) and endometrial
cancers (K-S test D = -0.30, p = 0.021) (Fig. 2d), with sar-
coma derived samples also being the most responsive group
also on based on ICs, distribution (Fig. 2e).

Anagrelide therapy efficacy and target expression in
different sarcomas

Expression level of PDE3A and SLFNI2 was found to be
highest in sarcomas in the pan-cancer RPPA analysis (Fig.
le). Similarly, the PDE3A4-SLFNI12 molecular glue anagrelide
demonstrated best ex vivo therapy efficacy in the sarcoma
tumor samples (Fig. 2d). The single most sensitive outlier
response was seen in a GIST derived patient sample with
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the two most sensitive samples highlighted. (d) Scatter plot showing
K-S based enrichment of anagrelide GR score in all tested cancer types.
Endometrial cancer and sarcoma were identified as the most sensitive
cancer types. (e) Pie chart showing the percentage of sarcoma samples
stratified according to ICs,, defined anagrelide sensitivity
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an ICs, of 97 nM. To gain more insights into expression of
PDE3A and SLFN12 in the specific sarcoma types, and to the
correlation with response to anagrelide, a detailed comparison
was conducted dividing the samples according to pathologi-
cal diagnosis into seven groups; (1) fibrosarcoma, (2) GIST,
(3) leiomyosarcoma, (4) liposarcoma, (5) osteosarcoma, (6)
other types including alveolar soft tissue sarcoma, desmo-
plastic small round cell tumor (DSRCT), chondrosarcoma
hemangiopericytoma, malignant peripheral nerve sheath
tumor (MPNST) and, (7) samples with missing info on histo-
logical subtype (unknown). As the PDE3 family includes two
proteins, PDE3A and PDE3B, which show structural similar-
ity [29], we performed a repeat RPPA analysis of the sample
cohort also for expression of PDE3B to assess if anagrelide
therapy efficacy correlates similarly with the expression level
of PDE3B (Fig. 3a-b). Across the main anatomical cancer
types, PDE3B was not found to be expressed at a signifi-
cantly higher level in any individual cancer type compared
to other tumor types. On average, the highest average expres-
sion levels were seen in brain tumor, hematological and liver
cancer samples (Fig. 3a) aligning with evidence from e.g.,
the Human Protein Atlas [30] and The Cancer Genome Atlas
[31] on pan-cancer expression level of PDE3B. Individual
tumor samples with high PDE3B levels were identified also
among renal, ovarian, head and neck, lung, melanoma and
breast cancer samples (Fig. 3a). No statistically meaning-
ful pan-cancer correlation between the expression levels of
PDE3B with either PDE3A or SLFN12 was observed (Fig.
3b). Samples of hematological origin displayed the highest
relative expressions of all three proteins (Fig. 3b).

For sarcoma subtype separated analysis, we compared the
expression levels of PDE3A, PDE3B and SLFN12 across the
sarcoma samples (Fig. 4a). PDE3A4 was found to be expressed
at the highest level in an alveolar soft tissue sarcoma sample
(Supplementary figure S2), followed by two fibrosarcoma
samples. SLFNI2 was similarly expressed at high level in
the same alveolar soft tissue sarcoma sample and the two
fibrosarcoma samples. High SLFNI2 expression was also

observed in the GIST tumor sample displaying exceptional
sensitivity to anagrelide (ICs, 97 nM) (Fig. 4b). Overall,
anagrelide therapy efficacy was found to have a slightly
stronger positive correlation with the expression level of
SLFN12, though an individual fibrosarcoma sample (sample
#53) with high expression of both PDE3A and SLFN12 was
found to be nonresponsive to anagrelide (no 1Csy, GR,can
1.03) (Fig. 4b). Median ICs, of anagrelide in the samples
with PDE3A z-score>2 was 4.45uM vs. 2.75uM in the sam-
ples with SLFN12 z-score>2 (p=0.011). PDE3B expression
was highest in the GIST tumor samples as a group but no
statistically significant correlation was observed between the
expression level of PDE3B and the efficacy of anagrelide
among the GIST or all sarcoma samples (Fig. 4b).

In silico validation of PDE3A-SLFN12 association
with anagrelide response

To assess whether the observed relationship between PDE3 A
and SLFNI12 expression and anagrelide responsiveness
was consistent with publicly available datasets, the RNA
expression of the genes in CCLE cell lines (n = 476) were
compared against the cell lines” responses to anagrelide on
data derived from the DepMap dataportal [25]. Across all
cell lines, a linear regression model including SLFN12 and
PDE3A individually as well as an interaction term combin-
ing the two revealed significant associations with anagrelide
therapeutic activity (dose response as AUC) (PDE3A p <
2 x 10 ' SLFNI2 p = 8.44 x 10”7, PDE3A x SLFNI2
p = 1.79 x 10~ ) with higher expression of these genes
associated with lower anagrelide AUC, consistent with
increased drug sensitivity (Fig. 4c). Together these vari-
ables explained 24.83% of the variance in anagrelide AUC
across these cell lines (R? = 0.2483). Limiting the analysis
to only sarcoma cell lines (n = 21) yielded a similar pat-
tern, where PDE3A expression and the PDE3A-SLFN12
interaction were found to be significantly associated with
anagrelide response (PDE3A p =0.0077, PDE3A x SLFN12
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Fig. 3 RPPA analysis of PDE3B expression in patient derived tumor
samples. (a) Box plot showing the cancer type -level expression dis-
tribution of PDE3B. (b) Scatter plots showing the correlation of the
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cancer type averaged expression levels of PDE3B with PDE3A (left)
and PDE3B with SLFN12 (right)
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Fig.4 Pan-sarcoma assessment of anagrelide therapy efficacy and cor-
relation with target expression (a) Scatter plots showing the z-score
for PDE3A, SFLN12 and PDE3B expression across the 25 included
sarcoma samples divided to the different sarcoma types. (b) Scatter
plots showing the correlation between PDE3A, SLFN12 and PDE3B
expression (z-score) and anagrelide efficacy (ICy,). A fibrosarcoma
sample (#245) with high expression of PDE3A and SLFN12 was

p =0.0366), explaining 45.6% of the variance in anagrelide
AUC (R? = 0.456), again indicating that higher expression
corresponded with lower anagrelide AUC and increased
drug sensitivity (Fig. 4d).

Discussion

Ex vivo drug screening is currently in the focus of intense
research and development efforts globally as a strategy to assist
precision cancer medicine and assessment of therapy efficacy
for individual patients. In addition to this core purpose, ex vivo
drug screening is also well suited to support target discovery
and drug development efforts in context of cancer drug devel-
opment. In this study we took advantage of our ongoing ex
vivo drug screening activities and the collected patient derived
functional tumor samples to evaluate the therapeutic potential
of PDE3A-SLFN12 modulation of approved drug anagrelide
across various cancer types. Several solid tumors, such as
melanoma, sarcoma, glioblastoma, and ovarian cancer have

non-responsive (no measurable ICs,). (¢) 3D scatter plot showing the
pan-cancer z-scores for PDE3A, SFLN12 and anagrelide AUC across
476 cell lines with data available through the DepMap data portal (ht
tps://depmap.org/portal/). (d) 3D scatter plot showing the pan-cancer
z-scores for PDE3A, SFLN12 and anagrelide AUC across 21 sarcoma
cell lines with data available through the DepMap portal

been previously shown to co-express the proteins PDE3A and
SLFNI12. Therapeutic molecular glues called “velcrins” can
be used to induce complex formation of PDE3A and SLFNI2
which leads to a cytotoxic response in cells by stimulating the
RNase activity of SLFNI2. Here, we included 250 patients
representing 24 different major anatomical cancer types into
an RPPA-based protein expression level profiling of PDE34,
SLFN12 and PDE3B and for functional ex vivo analysis of sen-
sitivity of the samples to anagrelide treatment. Protein expres-
sion analysis was performed directly from tumor lysates using
RPPA technology and drug sensitivity was assessed using
high-throughput ex vivo drug screening [21-23]. Comparative
analyses of target expression and drug sensitivity were used to
gain insights in the sensitivity of different cancers to PDE3A4-
SLFNI2 complex formation induced by anagrelide and to
identify potential tumor and cancer type specific patterns of
sensitivity and target expression. Results of the study high-
light high expression of PDE3A and SLFN12 especially across
different histological subtypes of sarcoma and melanoma,
which were also the cancer types most sensitive to anagrelide
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treatment. High expression of PDE3A4 and SLFNI12 was also
observed in select patient samples derived from cholangiocar-
cinoma, head and neck, lung and ovarian cancers. Across all
tested cancer types, the therapeutic efficacy of anagrelide was
found to closely follow the expression profiles of both PDE3A
and SLFNI2 and a comparable, albeit more modest trend
could also be observed in established cancer cell lines based
on public data from the DepMap [25]. In sarcoma samples,
anagrelide was found to display exceptional therapeutic effi-
cacy in a PDE3A-SLFNI2 positive GIST, an alveolar soft tis-
sue sarcoma and a fibrosarcoma case, consistent with findings
from previous studies [16, 32]. In conclusion, the observations
support previous findings that PDE3A4-SLFN12 modulation
could serve as a novel and effective therapeutic mechanism
of action in melanomas, GIST and select other sarcoma sub-
types expressing PDE3A-SLFNI2 [12, 16, 33]. However, it
should be considered that the different subtypes of sarcomas
compose a highly heterogeneous group of cancers, and the
expression level of the target genes can vary significantly
between and within different sarcoma subtypes as evident from
sarcoma model cell lines and sarcoma patient samples [34]
(Supplementary figure S3). Thus, for biomarker purposes, to
predict sensitivity to PDE3A-SLFNI2 modulation, the abso-
lute expression levels of the targets might not be sufficient on
their own. This is particularly apparent in the endometrial can-
cer cohort, which exhibited sensitivity to anagrelide treatment
despite lacking significant elevation in PDE3A or SLFNI2
expression as a group. Additionally, in the sarcoma cohort,
two fibrosarcoma samples displayed high expression of both
PDE3A4 and SLFNI2 (Fig. 4b), but a therapeutic response to
anagrelide was observed only in one of the two. Here, the result
could reflect biological differences related to cell of origin [34]
or cellular differentiation as suggested by the slightly different
histopathological classifications of the samples. The anagrelide
responsive sample (#47) was originally classified as a fibrosar-
coma/myxofibrotic sarcoma while the non-responsive sample
(#53) was originally classified as a fibrosarcoma/liposarcoma.
Thus, the discrepancy in anagrelide sensitivity between these
two samples could result from molecular characteristics inde-
pendent of the target expression levels. Moreover, considering
the recent results reported from clinical development of a novel
PDE3A4-SLFN12 molecular glue BAY 2,666,605 [12], it has
become important to investigate effective dosing regimens,
therapeutic windows, and innovative administration strategies
[35] to determine how to safely harness the anticancer poten-
tial of PDE3A-SLFNI2 modulation and to avoid the potential
severe on-target off-tumor toxicities related to expression of
PDE3A4-SLFNI2 in benign cell types.

@ Springer

Limitations of the study

While our study underscores the translational potential of
PDE3A-SLFN12 modulation across different cancer types
and individual patient tumors, it does not comprehensively
investigate the precise molecular and genetic background
in which the PDE3A4-SLFN12 complex formation results in
potent cytotoxic response. The patient derived tumor sam-
ples utilized in this study were collected for the purpose of
establishing methods for ex vivo drug screening with limited
molecular profiling data available thus limiting the possibility
of performing multiomics data integration including correla-
tion with genetic alteration or detailed histogical/pathological
information. Although a statistically significant correlation
between PDE3A-SLFNI2 protein expression and the thera-
peutic efficacy of anagrelide was observed, individual sam-
ples including different sarcomas were found non-responsive
despite high PDE3A-SLFN12 expression levels. This discrep-
ancy could reflect biological differences between the samples
but can also be derived from technical limitations of ex vivo
drug screening. While a bulk tissue used for assessment of
target expression in the sample may be representative of the
tumor, the vital cell sample derived from the same tissue may
not always be successful and thus representative of the tumor.
Viability and number of successfully isolated cells can vary
from tissue to tissue and affect accuracy of the drug screen-
ing results. Especially certain sarcoma tumor tissues can be
challenging for isolation of vital cells for ex vivo culture due
to low cellular density and/or high density of the ECM com-
posing the bulk of the tumor mass. In summary, sarcomas are
heterogenous group of tumors and further studies in patient-
derived sarcoma samples with parallel histopathological
and molecular profiling could provide more comprehensive
insights into the applicability and efficacy of therapeutic tar-
geting of PDE3A-SLFNI2 in different sarcoma subtypes.
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