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In	this	series	of	studies	we	sought	to	inves1gate	(1)	how	PI3K	inhibitors	differen1ally	

regulate	CLL	T	cells	(2)	determine	the	effect	of	complimentary	caesin	kinase	1	epsilon	(CK1e)	
and	PI3K	delta	inhibi1on	by	umbralisib	(TGR-1202)	in	normal	and	CLL	T	cells.	

			
	

	
The	purpose	of	the	current	study	was	to	compare	the	effects	of	umbralisib	(TGR-1202),	duvelisib,	and	idelalisib	on	T	
cells	 in	 a	 CLL	 mouse	 model	 and	 analyze	 immune-mediated	 adverse	 events	 following	 oral	 administraEon.	 We	
hypothesized	 that	 umbralisib	 may	 preserve	 the	 number	 and	 funcEon	 of	 the	 regulatory	 T	 cell	 (Treg)	 populaEon,	
translaEng	 to	 decreased	 immune-mediated	 side	 effects	 aHer	 treatment.	 Leukemic	 euTCL1	 splenocytes	 were	
adopEvely	 transferred	 into	 wildtype	 mice	 to	 induce	 CLL	 disease	 and	 treated	 via	 oral	 administraEon	 with	 vehicle,	
umbralisib,	idelalisib	or	duvelisib.	Tcon:Treg	and	Teff:Treg	raEos	in	periphery	and	spleen	measured	by	flow	cytometry	
were	found	to	be	spared	in	the	umbralisib-treated	group	and	decreased	on	duvelisib	and	idealisib	groups.	Expression	
of	 funcEonal	 Treg	 markers	 TGFB-1,	 CD39,	 CD103,	 PD-1	 and	 CTLA-4	 was	 also	 spared	 in	 the	 umbralisib	 group	 but	
affected	 in	 the	 other	 two.	 To	 assess	 immune-mediated	 toxicity,	 GI	 tract	 and	 liver	 Essues	were	 collected	 and	 H&E	
stained.	 Pathology	 analysis	 was	 performed	 and	 immune-mediated	 toxicity	 was	 scored	 according	 to	 the	 following	
parameters:	 inflammatory	 cell	 infiltrate,	 kuppfer	 cell	 hyperplasia,	microvesicular	 steatosis,	 cell	 degeneraEon	 (liver)	
and	 denuded	mucosa,	 chronic	 inflammaEon,	 acute	 inflammaEon	 (GI	 tract).	 Overall	 toxicity	 grade	was	 significantly	
lower	 in	umbralisib-treated	 group	 compared	 to	duvelisib-treated	 group	 in	both	 liver	 and	GI	 tract.	 Toxicity	 grade	 in	
these	Essues	negaEvely	correlated	with	total	Treg	count	in	periphery	(R-squared~0.5).	Immunohistochemistry	staining	
of	FoxP3+	Tregs	in	liver	and	GI	tract	was	concordant	with	the	assessment	of	Treg	count	in	spleen	by	flow	cytometry,	as	
the	number	of	FoxP3+	cells	was	closer	to	normal	in	umbralisib-treated	mice	compared	to	duvelisib-treated	mice.	Next,	
we	invesEgated	whether	co-inhibiEon	of	CK1e	by	umbralisib	may	be	involved	in	the	differenEal	regulaEon	of	T	cells.	
CombinaEon	of	a	selecEve	CK1e	inhibitor,	SR-4471,	with	duvelisib,	prevented	the	reducEon	of	total	Treg	number	and	
funcEonal	markers	in	!"#$%$&	culture	of	murine	euTCL1	T	cells,	mimicking	the	effect	of	umbralisib.	We	have	found	that	
canonical	Wnt	 signaling	 is	 inhibited	 dose-dependently	 in	 euTCL1	 T	 cells	 treated	with	 umbralisib;	 demonstrated	 by	
lower	 levels	 of	 B-catenin	 and	 downstream	 TCF-1/7.	 These	 data	 determine	 Tregs	 to	 be	 a	major	 player	 involved	 in	
immune-mediated	toxicity	characterisEc	of	the	PI3K	inhibitor	class	of	drugs.	'()*+,%-%)#(+.#/%0!*!12+,,.#*!34,+5!#677#
8#9!,,-#5:*&43:#9&(;,%(!15+*.#%1:%)%2&1#&<#)&5:#=>?@A#+1/#6@B!C#;&5!12+,,.#;*!-!*$%13#8*!3#14()!*#+1/#<4192&1#5&#
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MATERIALS AND METHODS 

The	role	of	PI3K	signaling	 is	widely	acknowledged	as	a	key	component	of	cell	 survival	 in	many	hematological	malignancies.	The	
PI3K	molecule	recruits	important	downstream	effector	signaling	proteins	directly	following	BCR	ligaEon.	For	example,	recruitment	
of	BTK	and	AKT	leads	to	promoEon	of	cell	survival	by	acEvaEng	NF-kB	and	inhibiEng	apoptoEc	signals.	The	p110	delta	expressing	
isoform	of	PI3K	is	restricted	to	hematopoieEc	cell	types;	therefore	p110	delta	represents	a	viable	target	for	the	treatment	of	B-cell	
malignancies	with	lihle	cytotoxicity	in	other	cell	types.	However,	drugs	targeEng	p110	delta	may	have	potenEal	off-target	effects	in	
other	 immune	 cell	 types.	 For	 example,	 off-target	 effects	 in	 the	 T-cell	 compartment	 may	 have	 important	 implicaEons	 for	
immunosuppressive	or	immunosEmulatory	mechanisms	which	can	contribute	to	the	progression,	or	eliminaEon	of	disease.	
Idelalisib	(aka	“CAL-101”)	and	Duvelisib	(aka	“IPI-145”)	are	two	orally	available	PI3K	inhibitors	that	show	selecEvity	for	p110	delta.	
In	the	clinic,	rates	of	objecEve	response	for	these	drugs	are	40-60%	and	nodal	responses	exceed	70%	in	R/R	CLL.	They	also	show	
high	rates	of	response	in	high-risk	CLL	(e.g.	17p	and	11q	deleEons).	In	vitro,	idelalisib	inhibits	p110	delta	at	a	concentraEon	40	to	
300-fold	lower	than	the	other	class		1	PI3K	isoforms	and	exhibits	selecEvity	when	profiled	against	other	protein	and	lipid	kinases.		
In	the	phase	1	study	of	single-agent	 idelalisib	 in	54	R/R	CLL	paEents	who	were	previously	heavily	treated,	the	therapy	was	well-
tolerated	generally	but	15%	of	parEcipants	disconEnued	therapy	due	to	adverse	effects.	Umbralisib	(aka	TGR-1202)	is	a	selecEve	
inhibitor	 of	 p110	 delta	with	 some	CK1e	 acEvity.	Notably,	 umbralisib	 exhibits	 a	 different	 structure	 than	 idelalisib	 and	 duvelisib,	
which	 are	 very	 similar	 compounds	 chemically.	 Thus	 far,	 umbralisib	 has	 shown	 promising	 acEvity	 in	 B	 cell	 lymphomas	without	
significant	 severe	 adverse	 effects.	 It	 has	 been	 shown	 to	 induce	 cytotoxicity,	 and	 inhibit	 AKT	phosphorylaEon	 at	 submicromolar	
concentraEons	in	both	del	17p	and	non	del	17p	primary	CLL	cells	%1#$%5*&.	

CLL	Murine	Model	
25x10^6	 splenocytes	 from	 leukemic	 aged	 euTCL1	 mice	 were	 injected	 via	 tail	 vein	 into	 C57BL/6	 mice	
(Jackson	Laboratories).	AHer	confirmaEon	of	disease	 inducEon	 (increased	peripheral	 lymphocyte	count)	
mice	were	gavaged	once	per	day	with	TGR-1202,	duvelisib,	idelalisib	or	vehicle	for	a	total	of	21	days.	

Magne1c	Cell	Purifica1on		
EasySep	 T	 cell	 isolaEon	 kits	 or	 Rosehe	 Sep	 T	 cell	 isolaEon	 kits	 (StemCell	 Tech.)	 were	 uElized	 for	 the	
enrichment	 of	 >95%	 purity	 of	 cells	 of	 interest.	 Company	 supplied	 protocols	 were	 followed	 and	 flow	
cytometry	 was	 performed	 to	 elucidate	 purity.	 T	 cell	 sEmulaEon	 was	 achieved	 with	 CD3/CD28	 soluble	
cytokines	(BD	Bioscience,	San	Jose	CA)	or	Immunocult	(StemCell	Tech.)	

Inhibitors!	
Idelalisb	and	duvelisib	were	obtained	from	SelleckChem.	Umbralisib	(TGR-1202)	was	kindly	supplied	by	TG	
TherapeuEcs.	SR-4471	 (CK1e-selecEve	 inhibitor)	was	kindly	donated	by	 the	Cleveland	 lab	at	 the	Moffih	
Cancer	Center.	All	inhibitors	were	dissolved	in	DMSO	for	%1#$%5*&#assays.	

Flow	Cytometry	Immunophenotyping		
Flow	cytometric	analysis	was	performed	using	fluorochrome-labeled	monoclonal	anEbodies	(mAbs;	anE-
CD3,	-CD4,	-CD8,	-CD25,	-CD127,	-CD279	(PD-1),	-CTLA-4,	-FOXP3,	BD	Bioscience,	San	Jose	CA,	eBioscience,	
San	Diego	CA,	-TGFB-1,	-CD103,	-GITR	Biolegend,	San	Diego	CA)	and	the	vitality	dye	Zombie	NIR.	Data	was	
acquired	 on	 an	 LSRII	 cytometer	 (Beckman	 Coulter),	 and	 analyzed	 with	 FlowJo	 soHware	 (Tree	 Star,	
Ashland,	OR).	Absolute	cell	numbers	calculated	using	AccuChek	CounEng	beads	(Invitrogen).	

Phospho	Flow/Intracellular	Flow	
Isolated	normal	T	cells	were	sEmulated	with	PMA	for	15	min.	ÐpAKT	(S473)	(BD	Biosciences)	was	used	to	
determine	AKT	phosphorylaEon	on	an	 iQue	cytometer	and	analyzed	with	accompanying	soHware.	Flow	
cytometric	 analysis	 was	 performed	 using	 ÐB-catenin	 and	 ÐTCF1/7	 anEbodies	 (Invitrogen)	 following	
fixaEon	 and	 permebilizaEon	 of	 isolated	 cells	 indicated.	 SEmulaEon	 was	 performed	 for	 18h	 prior	 to	
analysis	with	Wnt3A	ligand	(R&D	Systems)	at	0.5ug/mL.		
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Figure	2.	Incidence	of	adverse	events	is	associated	with	Treg	count	
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•! Umbralisib	(TGR-1202)	oral	treatment	induced	less	
incidence	of	toxicity	in	CLL	mice	compared	to	other	
PI3K	inhibitors		

•! Peripheral	Treg	number	associated	with	incidence	
of	toxicity	in	CLL	mice	treated	with	PI3K	inhibitors	

•! Umbralisib	displayed	less	an1-Treg	effects	in	a	dose-
dependent	manner	compared	to	other	PI3K	
inhibitors	in	normal	and	murine	CLL	T	cells		

•! Umbralisib	uniquely	inhibited	CK1e	in	euTCL1	T	cells	
dose-dependently	

•! CK1e	inhibi1on	by	umbralisib	may	offer	an	
explana1on	for	less	an1-Treg	effects.		
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Figure	3.	Effect	of	CK1e	inhibi1on	on	normal	human	T	cells		 Figure	4.	Effect	of	CK1e	inhibi1on	on	murine	CLL	T	cells	

Figure	1.	 ./!0%01!efficacy	
of	 PI3K	 inhibitors	 in	 CLL	
mu r i n e	 mod e l	 ( A )	
Diagram	 of	 study	 design	
and	 CLL	 model	 uElized	
(B)	 CD4/CD8	 T	 cell	 raEo	
is	 not	 changed	 in	 mice	
t r e a t e d	 w i t h	 P I 3 K	
inhibitors	 (C)	 AnE-tumor	
efficacy	 is	 similar	 for	 all	
t h r e e 	 i n h i b i t o r s .	
Leukemic	 B	 cell	 count	 in	
peripheral	 blood	 was	
used	to	determine	tumor	
burden	 in	 this	 assay	 (D)	
Umbralis ib	 relaEvely	
preserved	 Treg	 number	
in	 peripheral	 blood	 (E-F)	
FuncEonal	 Treg	 surface	
markers	 are	 relaEvely	
p r e s e r v e d 	 a H e r	
umbralisib	 treatment.		
*p<0.05,	 **p<0.005,	
***p<0.0005.	

Figure	2.	Incidence	of	drug-related	immune-mediated	adverse	events	in	indicated	1ssues	is	associated	with	Treg	count.	Toxicity	grade	was	
determined	aHer	H&E	stain	by	blinded	histological	analysis	of	liver	and	GI	tract	Essues	using	known	indicators	of	immune-mediated	adverse	
events.	 (A)	 RepresentaEve	 histologic	 findings.	 LeH	 Column:	 Liver	 Essue	 showing	 inflammaEon.	Middle	 Column:	 Small	 intesEne	 showing	
shortening	of	 the	villi	 indicaEng	drug-related	adverse	events.	Right	Column:	Colon	 showing	disrupEon	of	 the	mucosa	 structure	 indicaEng	
drug-related	 adverse	 events	 (B)	 Graph	 showing	 average	 toxicity	 grade	 per	 treatment	 group	 (C)	 CorrelaEon	 analysis-	 linear	 regression	
performed	on	overall	 toxicity	grade	vs.	Treg	count	demonstrated	correlaEon	between	parameters	 (R2=	0.5,	 ; =0.03	 indicated	significance).	
RepresentaEve	of	2	independent	experiments.	*p<0.05,	**p<0.005,	***p<0.0005.	
	

Figure	 3.	 Effect	 of	 CK1e	 inhibi1on	 on	
normal	human	T	cells	(A)	p-AKT	is	similarly	
inhibited	 in	 isolated	human	T	cells	 !"#$%$&	
aHer	 dose-dependent	 treatment	 with	 all	
PI3K	 inhibitors	 (B)	 Cell	 Eter	 blue	 showing	
cytotoxicity	of	SR-4471	(CK1e	inhibitor)	on	
CD3+	 human	 T	 cells	 (C-D)	 CK1e	 inhibiEon	
by	 SR-4471	 (0.5uM)	 rescued	 inducEon	 of	
Tregs	 plated	 with	 PI3K	 inhibitors	 (6uM).	
Treg	 polarizaEon	 assay:	 Isolated	 CD3+	
were	cultured	in	polarizing	Treg	condiEons	
(IL-2	 &	 TGFB-1	 +	 indicated	 drug(s))	 for	 5	
days	 in	 the	 presence	 of	 CD3/28	
sEmulaEon.	CD4+	CD25Hi	CD127lo	FoxP3+	
Tregs	 were	 gated	 by	 flow	 cytometry	 and	
quanEfied	 using	 Accuchek	 beads.	 Data	
shown	 here	 are	 representaEve	 of	 4	
separate	 donors	 (E-F)	 Expression	 of	
funcEonal	 markers	 PD-1	 and	 CTLA-4	 was	
determined	 on	 the	 surface	 of	 polarized	
Tregs.	 Expression	 of	 these	 markers	 was	
also	 rescued	 by	 co-treatment	 with	
SR-4471.	Displayed	as	fold	change	of	gMFI	
from	 unsEmulated	 control	 (G-H)	 Treg	
suppression	 assay:	 Tregs	 polarized	 in	 the	
presence	 of	 indicated	 drug	 condiEons	
were	plated	together	with	responder	CD4+	
T	 cells	 labeled	 with	 cell	 trace	 violet	 for	 5	
days	in	the	presence	of	CD3/28	sEmulaEon	
(1:1	 Treg:responders).	 ProliferaEon	 of	
responder	 cells	 was	 quanEfied	 using	
diluEon	 of	 cell	 trace	 violet	 in	 resulEng	
daughter	popluaEons.	Lack	of	proliferaEon	
indicates	 greater	 suppressive	 capacity	 of	
Tregs.	Data	 are	 compiled	 from	2	 separate	
donors.*p<0.05,	**p<0.005,	***p<0.0005.	
	

Figure	 4.	 Effect	 of	 CK1e	 inhibi1on	
on	murine	CLL	Tregs	(A-D)	 Isolated	
CD3+	T	 cells	 from	diseased	euTCL1	
mice	 aged	 6-9months	 were	
incubated	 with	 indicated	 drug	
condiEons	 for	 72h	 in	 the	 presence	
of	 CD3/28	 sEmulaEon.	 SR-4471	
(0 .5uM)	 rescued	 the	 dose-
dependent	 reducEon	 in	 Treg	
number	 seen	 aHer	 treatment	 !"#
$%$&	 with	 indicated	 PI3K	 inhibitors.		
Data	 shown	 are	 compiled	 from	 3	
mice	 (E-F)	Expression	 of	 funcEonal	
markers	 on	 the	 surface	 of	 Tregs	
were	 uElized	 as	 a	 surrogate	 to	
indicate	 Treg	 suppressive	 capacity.	
PI3K	inhibitors	were	treated	at	5uM	
in	 this	 assay.	 Displayed	 as	 fold	
change	 of	 gMFI	 from	unsEmulated	
control.	 (G-H)	 To	 explore	 which	
pathway	 may	 be	 responsible	 for	
the	rescue	of	Tregs	seen	with	CK1e	
inhibiEon,	 B-catenin	 and	 TCF-1	
protein	 expression	 were	 used	 as	
readouts	 o f	 canon ica l	 Wnt	
signaling.	 In	 this	 experiment,	 CD3+	
euTCL1	 T	 cells	 were	 incubated	 for	
18h	 as	 indicated	with	 0.5ug/mL	 of	
Wnt3A	 ligand.	 B-catenin	 &	 TCF-1	
expression	 were	 dose-dependently	
inhibited	by	umbralisib	but	not	any	
other	 PI3K	 inhibitor.	 Data	 were	
obtained	 via	 flow	 cytometry	 and	
are	 compi led	 from	 3	 mice.	
Displayed	 as	 fold	 change	 of	 MFI	
from	 DMSO	 control.	 *p<0.05,	
**p<0.005,	***p<0.0005	

Figure	1.	./!0%01	efficacy	of	PI3K	inhibitors	in	CLL	murine	model	
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