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The transcription factor Forkhead box protein, subgroup O-1 (FOXO1) is inactivated downstream of BCR activation. We previously FOXO1 expression is rapidly upregulated upon BCR ligation E F

demonstrated that FOXO1 activation regulates chemosensitivity and induces apoptosis (1). Here we show that FOXO1 expression C .t L 0-FOXO1™2* Protein Expression FOXO1 Protein Expression
ceatny CLL cells CLL cells

is rapidly upregulated upon BCR crosslinking and reversed with ibrutinib (IB) treatment. These findings prompted us to : jf CcD19* 194 190 187 185 177 176
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investigate whether deubiquitinase (DUB) proteins regulate FOXO1 expression/activity in CLL cells, with a view to identifying N A Gene exbression B Srotein Exoression — W e s | FOXO1
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potential novel drug targets that could enhance current CLL treatments. Our analysis revealed a significant upregulation of S 2

expression of specific DUB family members in freshly isolated CLL cells compared to healthy B-cells. Treatment of the CLL cell line : o + Treatment * 157 " D (D (D S SR @9 GAPDH
MEC1 and primary CLL patient samples with DUB inhibitors alone reduced phosphorylation of AKT>*37 and FOX01'%4, indicating PP, 4——b PP, MEC1 or primary CLL cells lgu(é?r(lggg)g) -
that DUBs play a role in inhibiting FOXO1 activity. We demonstrated a direct interaction between FOXO1 and USP7, which was Cytoplasm T USP7i (P5091
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enhanced upon BCR crosslinking. Furthermore, the expression of FOXO1 gene targets was altered in USP7 shRNA Knockdown +30 min F(ab): & HBX19818) "
(KD) cells. Analysis of FOXO1 localisation showed significant upregulation of FOXO1 in the nuclear fraction upon IB treatment, ) ’. L I :::T:?T:ii:oprecipitation :!l
which was further enhanced in the USP7 KD cells, or the combination with DUBI. Indeed, USP7 KD sensitised MEC1 cells to IB _ d immunoblotting d brotein samoles were orepared from brimary CLL cells and healthv B cells isolated from fresh buffy coats ex Vivo.
treatment leading to increase in FOXO1 nuclear localisation. Additionally, FOXO1 activity, which was elevated upon IB treatment, Survival 1% .. . oo F% il.\ll':‘T?gPCp;c;evealed aF\)significanl?c ugregulation prresZion of FOXO1 in primyary CLL cells (n=30) compared tg healthy CD19*
was further enhanced in the USP7 KD cells or combination with a selective USP7i. These studies indicate that selective DUBs play § | ) grown m T _% .?0 cells (n=9). B&C. Western blots show a significant upregulation of FOXO1 in primary CLL cells (n=18) compared to healthy

a role in BCR-mediated signalling to aid in the promotion of CLL cell survival and chemo-resistance through FOXO1 inhibition, and Healthy CLL Healthy CLL CD19* cells (n=8). D-F. Primary CLL cells (n>8) were incubated with 10 pg/ml F(ab'), for 30 min. Immunoblots for p-

targeting these DUBs enhance FOXO1 activity leading to cell cycle arrest and apoptosis. Proliferation e L FOX01™%and FOX0O1 show a significant upregulation of p-FOX01™># and FOXO1 upon BCR crosslinking compared with
+ 1h pre-treatment unstimulated (US) cells.
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DUB inhibition enhances USP7 protein directly interacts Significant increase in FOXO1
nuclear localisation of FOXO1 with FOXO1 in CLL cells activity upon USP7 KD in MEC1
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Summary:
BCR-crosslinking promotes rapid upregulation of FOXO1 and ZAP70 expression in CLL cells.
T B v usero 5] FOXO1 upregulation is inhibited by IB treatment, and partially inhibited by DUBI, suggesting a
dependence of FOXO1 expression on BCR signaling.
. ] Combination of USP7i and IB significantly downregulated p-AKT>%/3, p-FOXO1™* and total
P —— . S 3 [ ”E‘ ﬁ B-Tubulin 3 ., | S — N | FOXO1, enhancing the effect of IB on FOXO1 regulation.
e - SR ki L= ﬁ - 0 Nuclear Cytoplasmic g Specific DUB family members are differentially regulated in CLL cells compared to healthy
o S — . T B orimary cu ces \ controls, as well as MEC1 and HG-3 cells.
— = e am FOXO1 colocalizes with USP7, and a
= @ - » | “FOXOL Target Genes. o1 Actty significant correlation exists between
: . . i | °| g as - - et USP7 interaction with FOXOL : ISP Enockdown MECS the expression of FOXO1 and USP7.
. m [1] [I] m 1IN ol L1 11 1% g IB induces nuclear localization of
s 71 L . e o Zzzﬁafm:omo * FOXO1 which is enhanced with DUBI:
P PR-619 or P5091 (USP7i)
N FOXO1 and USP7 co-localize which /. / o
- > E &L 5T SEREC R . /e - \ Ibrutinib  PIP, «— PIP,
prepared from ex vivo - D o et Lamin A/C <L ZS;;QKD o ° suggests that DUB proteins may be key P .‘ @
’ - Cytoplasmic | roor| e shRNA KD in MEC1 cells altered -
A&B. MEC1 cells were transfected with USP7 expression of known FOXO1 target genes
prgp——

. Westerns blots show a ko -~ sl
BCs olls g ° significant upregulation of - - T shRNA, resulting in 45% and 65% KD of USP7 and significantly increases FOXO1 DNA
. 10] e i il j == . expression at gene/protein level, binding activity, which was further

USP7, 8, 9x, 10 and 14
compared healthy CD19" B 1 ——— | {-Actin e B ek s respectively. C. USP7 KD altered FOXO1 enhanced with IB treatment.

cells. | & J. The expression of | . : :
FOXO1 and USP8 is A. Publicly available data (String) indicates activity and target gene expression, resulting

significantly hlgher in MEC1 NDC Pobo1 1 COVBO | NBC PSbO1 15 COMBO FOXO1 interaction with DU Bs, through USP7/.
for up to 24 hr as indicated. FOXO1 expression = . = e o compared to HG-3 cells, uctear cyioplasmic B - E. To define a link between DUBs and

was rapidly elevated upon BCR crosslinking. B on U5 50 5B BB 5 o whereas USP10 expression is MEC1 cells were treated with pan DUBI (PR- FOXO1, FOXO1 was immunoprecipitated in
& C. IB treatment downregulated p-FOXO17%4 USPax | s significantly higher in HG-3 619; A&B) or USP7i (P5091; C&D) alone or in primary CLL and MEC1 cells. USP7 and USP9x

and FOXO1 expression, and IB/USP7i
combination treatment further enhanced 1 e
-lﬂ showed similar levels in probed. Both PR-619/P5091 treatment stimulation and IB treatment in CLL and MEC1
LB e MEC1 and HG-3 cells. enhances IB-induced FOXO1 nuclear cells, while USP7i treatment reduced the

FOXO1 downregulation.
cell cell localisation interaction of USP7 with FOXO1.

a BCR- and DUB-signalling inhibition

DUB family members are differentially expressed in CLL cells
downregulates FOXO1 expression a y y €Xp

>

[o0]
|

L — FOXO01

=
o
1

»
1

-—
S S— —— — Lamin A/C
—

USP7
(Rel to B2M)

N
|

USP7/GAPDH

W E—— e reew e smew s | AKT

o
o
]

USP7/GAPDH
USP9x/GAPDH
N
1

- ey p-FOX01™4 — T p— e G S q—

w
1

N
1

o
o

© | FOXO1

ZAP70 o

v e

<

N
D E " s & o
° Healthy CD19* Stage A Stage B Stage C  Binet Staging

p-FOX01"?*FOX01
(Relative to GAPDH)
N

=
1

USP7

BC, BC,, 008 009 176 151 168 173 169 171 175 C(ClLLs

USP9x

o
|

1
O N QL TR
Tt ¥ QS

GAPDH N
¢ A - @R o

F(ab'), Stimulated

- — - o v USP8

O

[N
o
|
FOXO1/Lamin A/C
A S

=
ul
]

—-_—~,_<---J USP14

IN
1

ol
1

USP8/P-Actin
Protein Expression
USP10/p-Actin
Protein Expression

B F(ab'), Stimulation .
- — — uUspP28
us F(ab'), B PR HBX HBX/IB

w
1
I
o

1

*
-

T g—— (] ] + 11 ‘Hi

A-H. Protein lysates were L e e —— oG ey B NN

Primary CLL cells o)o o~\~o

o

o~

N
1

FOXO1 Activity

- —e-

(Rel to IgG)

UsP7
FOXO1 Co-IP

1 T
BCs CLLs

[é)]
1

—

%
<2>Q

Gene Expression

=
1

@Q’ ro& D
& 5 & NDC P IB Combo NDC P IB Combo WCL

o
1

o

- 0 e -

D c— — — . ®
E--—i [
O N QLK IJ R

P € E @S

< X
F(ab'), Stimulated

w
1

USP14/p-Actin
Protein Expression
N
1
USP28/B-Actin
Protein Expression

FoxO1/GAPDH
Protein expression

[y
1

w
1

o

N
1

USP7
(Rel to 1gG)

FOXO1 Co-IP

[y

o

A. CLL protein lysates were immunoblotted for MEC1
p-FOX01™4, FOX01, USP7 and USP9X, p-
AKT>*3, AKT and ZAP70 after BCR crosslinking —— e
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in significant upregulation of FOXO1, C lusion:
BCL2L11, SESN3 and CDKN1A, and significant onciusion.
downregulation of CCND2 and CCNG2. D. These data indicate that USP7 inhibition maintains FOXO1 nuclear localization, thus enhancing

Inhibiting BCR signaling with IB treatment FOXO1 activation and subsequent CLL cell death.

* . ) : : : , significantly increased the FOXO1 activity
! : : co-localised with FOXO1. USP7 interaction was
cells. The protein expression combination with IB for 1 hr. Subcellular which was further enhanced by USP7 KD.

of both USP7 and USP9x fractionation was performed and FOXO1 was maintained/enhanced in the presence of BCR-
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Additionally, USP7 KD alone significantly
increase FOXO1 activity compared to
scramble (SCM) control.
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