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Federico et al. Lancet Haematol 2018; 

Transformation is the leading cause of FL mortality
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Genomic Events in Follicular Lymphoma Transformation



Molecular events in FL transformation

I.S. Lossos, R.D. Gascoyne 

Best Practice & Research Clinical Haematology 24 (2011) 147–163
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Follicular lymphoma Transformed FL

Indolent Aggressive

Progression

Transformation is the leading cause of FL mortality
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Proteomic analysis of FL transformation

Post-translational events
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Functional genomic RNAi screen reveals 

FBXO45 depletion promotes lymphoma growth
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Deffenbacher KE, et. al. Blood 2012

• The functionally-relevant genes that are targeted at this locus are unknown

• The minimal deletional region recurrently targets FBXO45 in independent studies

Genomic losses targeting 3q29 are recurrent in DLBCL

Schmitz,R. et. al. NEJM 2018
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FBXO45 is a novel tumor suppressor 

in B-cell lymphoma

Hypothesis

FBXO45 is a novel 
tumor suppressor 
in B-cell lymphoma
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• FBXO45 depletion by RNAi 

promotes cell proliferation and 

colony formation

• FBXO45 protein is 

downregulated in transformed 

follicular lymphoma

• Recurrent deletions target FBXO45 in 

pediatric DLBCL

• Ectopic overexpression of FBXO45 

inhibits B cell growth
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E3 Ubiquitin Ligases Regulate Protein 
Degradation



• Unidirectional

• Rapid

• Fine adjustment of levels of regulatory proteins

• Localized: in specific subcellular compartments

• Highly specific
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Advantages of regulated proteolysis



M

G1

S

G2

cyclin A

Cdk1/2

Cdc25A

Wee1

p21
p27

cyclin A/B cyclin D

cyclin E

p21
p27

p21
p27

Cdk1/2

Cdk1
Cdk4/6

Ubiquitin ligases and their substrates are frequently 
deregulated in cancer

Fbxw7Skp2

-TrCP

21



22

Prototypical SCF E3 Ligase
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FBXO45: Only F-box protein known to contain a SPRY domain

Jin J et al. Genes Dev. 2004;18:2573-2580

•. 2006 

•. 2006 

Woo J –S et al. Mol Cell 2006
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.Mol Cell. 2005

FBXO45 is a substrate recruitment unit 

that interacts with MYCBP2 and SKP1 to 

form a non-canonical SCF E3 ligase 

complex.

FBXO45 is an atypical SCF E3 ligase
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Human FBXO45 is on 3q29
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-  In review
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Quintero-Rivera, F. et al. Am J Med Genet 2010

Cox D. and Butler M. Clinical 
Dysmorphology24(3):89-94, July 2015.

3q29 microdeletion syndrome

Willatt L.et al, Am J. Hum Genet 2005 

•. 2005 

1.24 Mb deletion (arrow) encompassing FBXO45 



FBXO45 E3 ligase

• The functional role of FBXO45 in the 

hematopoietic system and cancer is not 

established.

• Constitutional Fbxo45-/- knockout results 

in perinatal lethality.

Saiga, T. et.al., MCB 2009;13:3529-43
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• One of only six F-box proteins that are 

conserved in metazoans.

• Homologues in Drosophila and C. 

elegans play critical roles in synaptic 

development.
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Conditional Fbxo45 knockout in germinal center B cells

29



Generation of conditional Fbxo45 KO mice

1.   Understand the physiological function of FBXO45 in germinal center 

development 

2.   Investigate the role of FBXO45 in B-cell lymphoma 
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Fbxo45 deletion results in abnormal germinal center formation 
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In vivo conditional targeting of Fbxo45 in GCB-cells results in 

spontaneous B-cell lymphomagenesis (FL and DLBCL)
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In vivo conditional targeting of Fbxo45 in GCB cells results in 

spontaneous B cell lymphomagenesis
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Identification of FBXO45 substrate 

Integrated functional proteomic strategy

Differential proteomic

analysis
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Identification of GEF-H1 as the 
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GEF-H1 
(RhoA specific guanine nucleotide exchange factor)

• GEF-H1 is a Dbl family RhoA regulatory guanine 

nucleotide exchange factor that activates Rho 

guanosine triphosphatases (GTPases).

• GEF-H1 is sequestered on microtubules and regulated 

by the polymerization state of microtubule networks.GEF H1

RhoA

GDP

RhoA

GTP • GEF-H1 is implicated in numerous cellular processes 

including cell motility and polarization, cell cycle 

regulation, activation of MAPK signaling and cancer.

GEF H1
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How does FBXO45 perturbation affect GEF-H1 stability?



FBXO45 silencing stabilizes GEF-H1 and promotes cell 

proliferation and colony formation
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FBXO45 regulates GEF-H1 associated RhoA activation

GEF-H1
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Increased stability of Gef-h1 protein  in splenic GCB-cells of 

conditional C1Cretg/+Fbxo45fl/fl transgenic mice
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Arhgef 2 deletion in B-cells suppresses Fbxo45-mediated 

GCB-cell proliferation 
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Arhgef2 deletion in B-cells reverts Fbxo45 mediated lymphomagenesis

B-cell lymphomagenesis caused by loss of Fbxo45 is 

reverted by co-deletion of Fbxo45 and Arhgef2 45
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Fbxo45-CCrefl/fl-Arhgef2/ abrogrates lymphoma
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• Develops lymphoma at various anatomic locations and exhibited 

significant splenomegaly and lymphadenopathy.

• Results in expansion of percentage and absolute number of GC B-cells, 

increase in mean GC size, surface area and total numbers of 

GCs/spleen.

• Results in GCB-derived lymphoma at 100% penetrance in homozygous 

null mice and reduces survival of mice.

Summary

Conditional knockout of Fbxo45 in germinal center  B-cells:



Genomic structural alterations targeting FBXO45 
and ARHGEF2 in primary human lymphoma
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Genomic losses targeting 3q29 are recurrent in DLBCL
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FISH 3cen (green)/3q29 (red)

B

Normal control 
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0R 2G
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Copy number gain of ARHGEF2 in 

transformed DLBCL
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Cases 

with DEL 

of 

FBXO45 Number Percent

Total 

cohort

Total 11 6.2 178

DLBCL 5 6.6 76

FL 2 2.3 86

FL-DLBCL 4 25.0 16

Cases 

with 

GAINS of 

ARHGEF2 Number Percent

Total 

cohort

Total 36 20.2 178

DLBCL 20 26.3 76

FL 9 10.5 86

FL-DLBCL 7 43.8 16

WGS identifies copy number loss of FBXO45 and gains of 

ARHGEF2 in primary human B-cell lymphoma

FBXO45 loss is frequent in transformed DLBCL

ARHGEF2 gains are frequent in transformed DLBCL

51



52MSK Confidential — do not distribute

FBXO45 loss and ARHGEF2 gains are 

mutually exclusive in DLBCL



FBXO45 targets GEF-H1 for degradation
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Identification of the degron



GEF-H1 S644 is critical for its interaction with FBXO45
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FBXO45 polyubiquitinates GEF-H1

- - + + SCFFBXO45 E3

Ligase complex

K48-Poly Ubiquitin
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- + - + His-GEF-H1 S644A
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GEF-H1-V5

IP: anti-V5

GEF-H1 S644A-V5 

GEF-H1 WT-V5

FBXO45-HA

Ub-FLAG+ +

- +

+ -

+ +

In-cell polyubiquitination assay In-vitro polyubiquitination assay
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GEF-H1 S644A knock in stabilizes GEF-H1 protein and leads to B-

cell lymphomagenesis
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FBXO45 silencing stabilizes GEF-H1 and promotes hyperactivation 

of MAP Kinase pathway
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Fbxo45 KO in B cell lymphoma cells enhances 
sensitivity to MEK1/2 inhibitor



FBXO45 silencing promotes synthetic lethality to MAP kinase 

pathway inhibition in DLBCL
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Outline

• Background

• Experimental Approach

• Future Directions

• Hypothesis 

• Conclusions
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Conclusions
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A novel FBXO45-GEF-H1 axis controls 

oncogenic signaling in B-cell lymphoma

RhoA

MAPK signaling
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• FBXO45 regulates proper germinal center B cell 

development

• FBXO45 is a novel haploinsufficient tumor 

suppressor in B-cell lymphoma

• GEF-H1 is required for proper germinal center B 

cell formation

64

• GEF-H1 is a novel B cell oncogene in humans

Sahasrabuddhe AA, Chen X et al., The FBXO45-GEF-H1 axis controls germinal 

center formation and B-cell lymphomagenesis. Cancer Discov. 2025
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DLBCL

Activation of anti-

apoptotic signaling 
BCL2 (~30%), MYC (~10%), BCL6 

(20%) 

Inactivation of 

histone/chromatin modifiers 
KMT2D (~30%), CREBBP (~25%), EP300 

(~5%) 

Cell signaling activation
BCR : CD79B (~20%), NFKB : CARD11 

(∼9%), PI3K-AKT : FOXO1 (~10%), GTPases 

: RHOA (~9%)

U

UU
E3

E1 E2

Inactivation of regulated 

proteolysis
FBXO10 (mutational inactivation), 

FBXO11 (~6%), KLHL6 (~15%) 

FBXO45 (~3%)
Pasqualucci L. et. al., Blood 2018

Schmitz R. et. al., NEJM 2018

Chiorazzi M. et. al., PNAS 2013

Duan S. et. al., Nature 2012

Choi et al., Nature Cell Biology

Sahasrabuddhe A.A. et. al., Cancer Discovery 2025
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U

U

U

Pathogenetic mechanisms in DLBCL
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● Significance determined by combination 

of t-test and bootstrapping (250 

randomizations)

Significantly 
Differentially 
Expressed Proteins

Wild typeFbxo45 -/-

● FDR <0.05

Increased steady state levels of GEF-H1 protein in splenic GCB-

cells of conditional Fbxo45-/- transgenic mice 
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