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Novel targeted therapies have substantially improved the prognosis of many patients with B cell

malignancies, mostly for indolent B cell lymphoma. However, the majority of these patients and a substantial

fraction of patients with aggressive lymphomas and leukaemia still relapse, even after initially achieving deep

remissions. Many studies have characterized the interactions between leukemia and its microenvironment as

integral to leukemic homeostasis and for the provision of environment-mediated drug resistance (EMDR).

ABSTRACT

In order to mechanistically unravel how PKC in stroma cells drives EMDR, we employed RNA-seq of MSCs combined with mass spectrometry. Our data identified transcription factor EB (TFEB) as a down-stream target of PKC and required for lysosome

biogenesis. Mechanistically, interference with TFEB impairs plasma membrane integrity of MSCs by down-regulation of numerous adhesion and signaling molecules (eg. VCAM, ADAM17) on stroma cells, required for the reciprocal stabilisation of BCL-xL in

tumour cells. The significance of microenvironment PKC- for drug resistance was demonstrated using mouse models of B cell malignancies. C57B/6 mice, diseased with ETCL-1 driven B cell tumours, were treated with Venetoclax in combination with or without

Enzastaurin (PKC inhibitor). Combined treatment significantly prolonged survival, based on PKC mediated impairment of lysosome biogenesis in vivo (Park et al 2020). Tumour RNA-Seq also revealed changes in Transforming Growth Factor-Beta (TGF-) and

Bone Morphogenic Protein (BMP) signalling mediated by stromal PKC (Fig. 3), highlighting the potential of targeting additional pathways downstream of the leukemic dependency on stromal PKC. Immunoblots of primary CLL after Venetoclax treatment, co-

cultured with either WT stroma ± Galunisertib (TGF- receptor 1 inhibitor) or PKC KO stroma, revealed that antagonism of TGF- signalling abrogated stromal-mediated upregulation of BCL-xL in CLL (Fig. 4). Additionally, Venetoclax resistance was overcome in

CLL cells (n=9) co-treated with a TGF- antagonist compared to Venetoclax treatment alone (p < 0.01) (Fig. 5). In order to asses whether TGF- mediated EMDR extended beyond BCL-2 antagonism, in vitro pharmacological assessment of Galunisertib ±

increasing concentrations of either Fludarabine or Bendamustine was assessed using CLL patients samples in co-culture with WT stroma. Galunisertib-mediated TGF- antagonism significantly increased cytotoxicity of all concentrations of Fludarabine and

Bendamustine assessed by linked patient analysis (Fig. 6).

RESULTS

Our data demonstrate that mitigating environment-mediated pro-survival signals with small molecule inhibitors of TGF- signaling enhance the effectiveness of both targeted and non-targeted chemotherapies and overcome Venetoclax resistance in CLL.

CONCLUSION
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Figure 3 Legend (Left) Ingenuity IPA analysis of upstream pathway regulators

from differential RNASeq expression analysis of PKC WT (n=3) and KO stroma

(n=3) co-cultured with patient CLL cells. Red arrows indicate TGF- pathway

components, highlighting the role of PKC between dysregulation of the TGF-

pathway in stroma.

Figure 4 Legend (Below) Immunoblots of patient CLL cells in co-culture with

either PKC-beta KO or WT stroma ± Venetoclax. Additionally, CLL cells in PKC-

beta WT co-cultures were co-treated with either vehicle or Galunisertib.

Figure 5 Legend (Left) In vitro co-culture assays of patient CLL cells treated with either 

vehicle, Venetoclax, Galunisertib, or combinations of Venetoclax + Galunisertib. Statistical 

significance was determined using a paired two-tail Student T-test.

Figure 6 Legend (Below) In vitro co-culture assays of patient CLL cells treated with either

vehicle, Fludarabine, Bendamustine, Galunisertib, or combinations of Fludarabine +

Galunisertib or Bendamustine + Galunisertib. Statistical significance was determined using

a paired two-tail Student T-test.

Therapeutic efforts to antagonize microenvironment-emanating survival cues have predominantly focused

on perturbation of leukemic adhesion enabling the physical displacement from protective niches. In an

orthogonal effort to address whether direct stromal targeting could precisely mitigate EMDR, we previously

antagonized stromal expressed PKC, which we have shown to be a stroma-autonomous signaling pathway

critically relied upon for survival by malignant B cells (Lutzny et al 2013). The dependency on stroma PKC-

was uniformly found for malignant B cells from patients with acute and chronic malignancies (CLL, ALL,

MCL). In particular, our data demonstrated that stroma PKC is of key importance for the stabilisation of

BCL-xL in malignant B cells (Fig. 1), causing multi-drug resistance to cytotoxic therapies (Fig.2).

Figure 1 Legend (Left) Schematic

depicting PKCβ-dependent EMDR.

Figure 2 Legend (Right) Kaplan-

Meier survival curves of leukemic

mice on vehicle therapy, single-

agent therapies, or combined

therapy with Enzastaurin (60

mg/kg) and Venetoclax (100 mg/kg)

after intraperitoneal injection of

TCL1-tg tumors. Two individual

primary tumors were used,

transplanted into 19 or 20 mice.

Statistical significance was

determined using log-rank (Mantel-

Cox) analysis.


