
Targeting the PIM kinases in combination with BTK inhibition is synergistic in 
preclinical models of B-cell malignancies

BTKinhibitors (e.g. ibrutinib) havesignificantlyimpactedthe treatment of B-

cellmalignanciesin a positiveway. Singleagentresponserateswith ibrutinib

are 65% or higher in B-cell lymphomasand chronic lymphocyticleukaemia

with the majority of patients enjoying a prolonged duration of response.

Continued clinical development is needed, however, as most patients

achieveonly a partial responsefrom their treatment andultimately patients

becomerefractory to ibrutinib leadingto relapseand diseaseprogression.

Targetedcombinationswith ibrutinib couldpotentially increasethe number

of patients undergoingcompleteremissionand combatemergentresistant

mechanisms. ThePIM family (1, 2, and 3) are serine/threoninekinasesthat

haveproven to be oncogenicin-part due to their ability to suppressc-Myc

inducedapoptosis. ThePIM kinaseshaveemergedas important regulators

of drug resistancein multiple cancertypes. TolerotƘŀǊƳŀŎŜǳǘƛŎŀƭΩǎsecond

generationPIM Kinaseinhibitor, TP-3654hasexhibited favorableactivity in

preclinical models of prostate cancer, AML, and lymphoma. Due to the

signalingcrosstalkbetween BTKand PIM through the STATtranscription

factors,we hypothesizedthat synergiesmayarisethrough the simultaneous

targeting of both kinases. Here, we report a significant increasein drug

activity when a BTKinhibitor (ibrutinib) was combined with TP-3654 in

various lymphoma cell lines. In Granta-519 cells, the IC50 of ibrutinib

decreased3.5-fold, from 0.7 mM to 0.2 mM, when cultured in combination

with a subtoxicconcentrationof TP-3654(300nM). Similarly,the IC50 of TP-

3654decreased6-fold, from 2.4 mM to 0.4 mM, whencellswereculturedin

combination with a subtoxic concentration of ibrutinib (100 nM). BTKis

known to attenuate the activity of the transcription factor STAT3, a major

regulator of PIM kinase levels in cells. Due to this, mechanisticstudies

focused on analyzingthe STAT3 pathway are ongoing to determine the

downstreameffectsof usingibrutinib and TP-3654 in combination. Several

lymphomaxenograftstudiesare alsoongoingto further this combinationin

vivo. Theseresultsprovidea strongrationalethat inhibitors of PIMand BTK

could be usedin combinationfor the treatment of B-cell malignanciesand

other B-cellmediateddiseases.
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II. Background

Figure1: Diagramillustratingthe signalingcrosstalkbetweenBTKandPIMthrough the STATtranscriptionfactors. We
theorizethat targetingboth pathwaysshouldprove synergisticdue to multiple publicationssuggestingthat inhibition
of BTKincreasesPIMkinaseexpression. (Modifiedfrom Roschewski,M, NatureReviewsClinicalOncology11, 12ς23)

Figure3: PIM 1, and 3 activity upon treatment with TP-
3654. Controlcompoundwastested in 10-doseIC50 mode
with 3-fold serialdilution startingat 20˃a

Figure4: PI3Kh , PI3K̡ , PI3Kɹ , and PI3Kɻ activity upon
treatment with TP-3654. Control compound was
tested in 10-doseIC50 modewith 3-fold serialdilution
startingat 20˃a

Figure 5: MSD data showing decrease in
Phospho(Ser473)/Total Akt. PC3 cells were treated
with TP-3654for 24hours

Figure 6: Western blot showing decreasein c-Myc
expression. Granta-4 cellswere treated with TP-3654
for 24hours,then stimulatedwith IL-22at 20˃ g/mL

Figure 7: RT-PCRdata showing decreasein c-Myc
expression. Granta-4 cellswere treated with TP-3654
for 24hoursat the listedconcentrations

Figure 8: IC50 curves for 3 different B-cell lymphoma
lines, DOHH2 (0.3µM), Granta-4 (12.4µM), and Granta-
519 (11.1µM). Cellswere treated for 24 hours varying
concentrationsof TP-3654between30˃aand0.001˃a.

Figure9: IC50 curvesfor 3 different B-cell lymphomalines,
DOHH2 (2.9µM), Granta-4 (5.0µM), and Granta-519
(7.7µM). Cells were treated for 24 hours varying
concentrationsof ibrutinib between30˃aand0.001˃a.

Figure 10: Shifting IC50 curves suggests synergism
betweenPIMandBTKinhibition. Granta-519cellswere
treated for 72 hours with sub-toxic dosesof ibrutinib,
and varyingconcentrationsof TP-3654, between30˃a
and 0.001˃a. IC50 curvesshift from 1.2 to 0.4 µM,
betweenthe two curves.

Figure 11: Shifting IC50 curves suggests synergism
betweenPIM and BTKinhibition. Granta-519 cellswere
treated for 72 hours with sub-toxic dosesof TP-3654,
and varyingconcentrationsof ibrutinib between 30˃a
and 0.001 ˃a. IC50 curves shift from 1.0 to 0.2 µM,
betweenthe two curves.

Figure12: Dosedependent increasein relative caspaseactivity of TP-3654 and ibrutinib in combination. DOHH2 cells were
cultured for 24 hours with TP-3654 and ibrutinib in combination. TP-3654 concentration is varied between 30 ˃aand no
treatment.

Figure13: Westernblot showingdosedependentincreasein
p-STAT3 levels, while decreasinglevels of PIM expression.
Granta-519 cells were treated for 24 hours at 0.3 ˃a
ibrutinib, andvaryingconcentrationsof TP-3654

Figure14: Western blot showingdoseno increasein p-STAT3
levels,and no significantchangein levelsof PIM expression.
Granta-519 cells were treated for 24 hours with varying
concentrationsof TP-3654andno ibrutinib

Figure15: RT-PCRdata showingincreasesin PIM expressionwith TP-3654 and ibrutinib in combination.
DOHH2 cellswereculturedfor 24hourswith both drugsat concentrationslistedabove.

Figure 3: TP-3654 is active against all 3 isoforms of PIM, especially 1 and 3 

Figure 4-5: TP-3654 is active against PI3K, as evidenced by decreased p-AKT levels

Figure 6-7: TP-3654 causes decreased expression in c-Myc as evidenced by western 
blot and RT-PCR data

Figure 8-9: TP-3654 has single agent activity against multiple B-cell lymphoma lines   

Figure 10-11: Curves suggest synergism between TP-3654 and ibrutinib

Figure 12: Dose dependent increase in relative caspase activity with combination therapy

Figure 13-14: Western blot shows modulation of p-STAT3 and PIM-1 levels with 
combination therapy

Figure 15: Levels of PIM-1 expression also modulated in RT-PCR with combination 
therapy

Table 1: CalculatedIC50 values for PIM 1, PIM 2, PIM 3,
PI3Kalpha,PI3Kbeta,PI3Kgamma,and PI3Kdelta. TP-3654 was
tested in 10-doseIC50 mode with 3-fold serialdilution starting
at 1˃a

Kinases Compound IC50 (nM)

PIM-1 11

PIM-2 564

PIM-3 13

PI3Kalpha 191

PI3Kbeta 790

PI3Kgamma 60

PI3Kdelta 87

Figure 2: TP-3654 shows activity against multiple cell types and lines

Figure2: IC50 valuesfor different cell linestreated with TP-3654. Controlcompoundwastested in 10-doseIC50 modewith 3-fold serial
dilution startingat 20˃a

Figure 1: BTK and PIM are modulated through STAT signaling

Figure 16-17: Levels of p-PLC�v1 decrease with duel BTK PIM inhibition, but increase 
with PIM inhibition

Figure 16: DOHH2 cells were incubated overnight in RPMI
with 1% FBS. Cellswere treated for 2 hours with 0.3 ˃a
ibrutinib, and varyingconcentrationsof TP-3654. Following
treatment, cells were stimulated with IgM for 10 min to
activatethe B-cell receptor.

Figure 17: DOHH2 cells were incubated overnight in RPMI
with 1%FBS. Cellswere treated for 2 hourswith no ibrutinib,
and varyingconcentrationsof TP-3654. Followingtreatment,
cellswerestimulatedwith IgM for 10 min to activatethe B-cell
receptor.

�‡ Wehavedevelopeda potent andspecificPIMinhibitor, TP-3654

�‡ TP-3654showsstrongestpotencyagainstPIMisoforms,PIM-1 andPIM-3

�‡ TP-3654isalsoactiveagainstPI3K

�‡ TP-3654treatment decreasesexpressionof c-Myc

�‡ TP-3654hassingleagentactivityagainstmultiple B-cellmalignancies

�‡ ShiftingIC50curvessuggestssynergismbetweenTP-3654andibrutinib

�‡ Weobservea dosedependentincreasein relativecaspaseactivitywith combinationtherapy

�‡ Our data suggestthat STAT3 signalingis inhibited by the TP-3654/ibrutinib combination

treatment

�‡ PIMexpressionis alsoincreasedfollowingcombinationtreatment, consistentwith the notion

of PIMexpressionasa resistancemechanismto BTKinhibition

�‡ Levelsof p-t[/ʴ1 decreasewith dual BTKPIM inhibition, but increasewith PIM inhibition,

suggestinga potential reciprocalPIMresistancemechanism


