
Dear friends and colleagues,

Welcome to the The 2nd International Symposium on Tribbles and Diseases!

This meeting follows on from our first gathering in Budapest, April 2015 and has proved 

a real success by bringing together most research groups from all around the Globe with 

interest in Tribbles and provided a fertile ground for scientific exchanges as well as 

fostering a number of new collaborations. Building on this positive tradition, we have 

assembled an outstanding Scientific Program Committee to develop the highest quality 

scientific programme. In the spirit of pursuing collaborative research in the field of 

Tribbles proteins, we encourage you to bring and present new, exciting (and unpublished) 

data for an open scientific discussion and to use this opportunity to also share experiences 

with tools and reagents that may be useful to others.

The meeting will comprise of three main scientific sessions, focusing on 1) Immunity and

Metabolism, 2) Basic Biology and Development as well as 3) Cancer. You are personally

invited to connect with us on this exciting global symposium.

We hope you enjoy this symposium and your visit to Beijing!

Chairs of the Organising Committee

Prof. Zhuo-Wei Hu 

Prof. Endre Kiss-Toth

State Key Laboratory of Bioactive Substance and Function of Natural Medicines, Institute 

of Materia Medica
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Agenda and Conference Venue
Monday, 7th May 2018:

09:00 – 12:00 Registration and Poster Installation

15:00 – 15:30 Opening: Jian-Dong Jiang, Zhuo-Wei Hu & Endre 

Kiss-Toth

15:30 – 16:15 Arkaitz Carracedo (Keynote Lecture):

The interface between signaling and metabolism in cancer 

16:15 – 18:15 Open bar and Poster session (Contain 20 minutes break) 

18:30 -- 21:00 Banquet (All speakers and committee members) and

Dinner (Regular participants)

Tuesday, 8th May 2018:
Session 1: Tribbles and Immunity & Metabolism 

Chairs: Warren Pear and Zhuo-Wei Hu

08:15 – 08:55 Nguan Soon Tan (Key Lecture):

Angiopoietin-like 4 protein in cancer metastasis

08:55 –09:25 Yodit Feseha:

TRIB1 mediated regulation of Treg function and kidney

transplantation

09:25 –09:55 Warren Pear:

Trib1 regulates eosinophil fate and identity by restraining the

neutrophil program

09:55 – 10:10 Jessica Johnston:
Myeloid TRIB1 controls experimental atherosclerosis 

10:10 – 10:25 Tea break

10:25 – 10:55 Marcel Scheideler:

Impact of Tribbles 1 and 3 on metabolism and inflammation

10:55 – 11:10 Zabran Ilyas:

TRIB3, a regulator of lipid handling and metabolic syndrome

11:10 – 11:30 Robert Bauer:

Tribbles-1, a GWAS locus for cardiometabolic traits, exhibits

adipose-specific regulation of plasma cholesterol,

triglycerides,and adiponectin



11:30 – 12:00 Jorge Erusalimsky:

TRIB3 in megakaryocytic and erythroid differentiation

12:00 – 12:15 Dominika Grzesik:

Upregulation of Tribbles 1 in Oxidative Stress

12:15 – 12:30 Xin Qi :

Precision Disease to Precision Medicine

12:30 – 13:30 Lunch

Session 2: Tribbles and Fundamental Cell Biology

Chairs: Karen Keeshan and Takuro Nakamura

14:00 – 14:40 Peter Mace (Key Lecture):

Substrate-induced ubiquitin ligase activation by the TRIB1

pseudokinase

14:40– 15:10 Patrick Eyers:

Repurposing covalent EGFR/HER2 inhibitors for on-target

degradation of human Tribbles 2 (TRIB2) pseudokinase

15:10 – 15:40 Endre Kiss-Toth:

Redundancy and specificity in tribbles mediated signalling

15:40 – 15:55 Juan Salamanca:

Computational modelling of Tribbles complexes 

15:55 – 16:10 Tea break

16:10 – 16:25 Xiao-Xi Lv:

Disturbing TRIB3/MDM2 interaction attenuates pulmonary

fibrosis by destabilizing transcription factor SLUG 

16:25 – 16:55 Yi-Shi Jin :

Dissecting Tribbles signaling in C. elegans

16:55 – 17:25 Leonard Dobens:

Drosophila Tribbles identifies conserved motifs regulating

subcellular trafficking

17:25 – 17:40 Steve Xiaofeng Yu:

Advances in Genetically Engineered Models (GEM) for Human

Antibody Generation and Application

18:30 – 21:30 Conference Dinner



Wednesday, 9th May 2018:

Session 3: Tribbles and Cancer

Chair: Richard Danger and Leonard Dobens

08:30 – 09:10 Wolfgang Link (Key Lecture):

TRIB2 acts as a major driver of tumorigenesis and anti-cancer

drug resistance

09:10 – 09:40 Karen Keeshan:

Insights into TRIB1, TRIB2 and TRIB3 pseudokinases in

haemopoiesis

09:40 –09:55 Ke Li:

How TRIB3 Promotes Acute Promyelocytic Leukemia and

Lymphoma Progression?

09:55 – 10:10 Tea break

10:10 – 10:40 Guillermo Velasco:

Role of TRIB3 in the regulation of cancer generation,

progression and response to therapy

10:40 – 10:55 Shuang Shang:

TRIB3 Promotes Colorectal Cancer Stemness and

Progression by Enhancing β-catenin/TCF4 Transcriptional

Activity

10:55 – 11:25 Takuro Nakamura:

Transcriptional modulation by Trib1 in myeloid

leukemogenesis

11:25 – 11:40 Jose Lizcano:

New insights into clinical development of ABTL0812: a new

antitumoral drug that induce autophagic cancer cell death by

upregulating TRIB3 pseudokinase

11:40 – 12:10 Zhuo-Wei Hu:

Regulation of protein quality control as a strategy for research

and development of anticancer Drugs

12:10 – 12:20 Concluding remarks, closure of the meeting

12.20 – 14.00 Lunch



Arrival Guidance
Dear Attendee,

Welcome to the 2nd International Symposium on Tribbles and Diseases, to 

be held from 7-9th May 2018! We are excited to welcome you to Beijing, China.

We hope the following information will be helpful for your arrival. Please read it

carefully. We recommend you to bring a copy of this file with you before

arriving at the hotel.

Arrival Transportation

All flights will arrive at Beijing Capital International Airport (PEK).

By Taxi

Taxis are available at Capital Airport, and you can go to the hotel by a taxi from

the airport. Please proceed to the taxi point according the signs inside the

terminal building. The fare is around 120 to150 RMB (Chinese yuan), including

the Airport Expressway fee. The ride time takes about 1~1.5 hours depend on

the traffic condition. If you encounter traffic jams, the taxi fare will increase and

travel time will be prolonged. Although the Beijing airport has a subway to the

downtown, it takes longer to get to hotel than to take a taxi. We do not

recommend you to take the subway. It takes at least 20 minutes’ walk to

complete two underground transfers.

More Helpful Information:

Hotel name: Lake View Hotel

Chinese name: 人卫酒店

Hotel address: NO.19 Panjiayuan Road, Chaoyang, 100021 Beijing, China 

Address in Chinese: 北京朝阳区潘家园南里19号，潘家园路西口进二环路

Tel: +86-10-5909777



 By taxi
Please print and show the following note to the taxi driver.

Registration Desk

The Registration Desk will be set up on the First floor of the Hotel during the

following days and times:

7th May, Mon 08:00 – 20:00 Registration Desk

8th May, Tue 08:00 – 18:00 Information Desk

9th May, Wed 08:00 – 12:00 Information Desk

Participants may pick up their badges, coupons and meeting packages at the

registration desk.

If you have any questions about registration, accommodation, social events,

tours, etc. Please consult the registration desk staff.

请送我去人卫酒店

地址：北京市朝阳区潘家园南里 19号

Please take me to Lake View Hotel
Address: NO.19 Panjiayuan Road, Chaoyang, Beijing, China



The Flow of Registration

If you have the Payment Confirmation Letter, please bring a copy to the staff.

This is the best way to complete the registration. If you don’t have the

confirmation letter, please let the staff know your name and they will help you

to find your Registration No. from the name list.

Items to be collected during registration:

1. Name Badge

2. Lunch/Dinner Coupon

3. Closing Ceremony Coupon

4. Receipt (if have)

5. Attendance Certification

6. Conference Bag

Presentation Slides Collection

Speakers are encouraged to upload or confirm their presentation slides one

day before or in the early morning before their session to avoid last minute

rushes. A PPT Collection desk will be set up next to the registration desk.



Poster

Delegates presenting posters are required to hang their posters on the poster

boards inside the conference room.

Installation 7th May, 2018 from 09:00 am to 3:00 pm

Viewing 7th May, 2018 from 4:15 pm to 06:15 pm 

8th May, 2018 from 08:00 am to 07:00 pm 

9th May, 2018 from 08:00 am to 12:00 am

Tear off 9th May, 2018 from 01:00 pm to 02:00 pm

We inform you that poster viewing session is scheduled on 7th May, 2018 from 4:15 to 6:15 pm. 

We kindly ask you to stand near your poster for any questions attendees may ask you.

Awards Established

Speakers and Posters will separately establish three awards: First Prize,

Second-class Prize and Third-class Prize.

Meal

Food will be served as lunch and dinner in the LakeSide Cafe on the 1st floor

of Lake View Hotel. The meal coupons issued in your registration package

must be presented. If you need halal food or vegetarian diet please contact

with registration desk staff.

Tea Breaks

Morning and afternoon tea breaks will be served daily adjacent to the

conference room.

Accommodation

Most hotels in China need to check out before 12:00 am. If you need to 

extend stay, please make your reservation at the reception desk in your hotel.



Climate

Beijing is situated in the warm temperate zone with a semi-humid climate.

It has four distinctive seasons, with a short spring or autumn, but a relatively

long summer or winter. The average temperature is 26 �C on daytime and 14 �C

in night in May.

Emergency Number

Police: 110

Fire: 119

Ambulance: 120

Electricity

The electrical voltage in China is 220V 50Hz, and most hotels provide 110V

outlets for shavers.

Lost and Found

Any missing item should be brought to Registration Desk. Lost property can be

claimed at the same place.

Mobile Phones

You are kindly requested to silence your mobile phone during the sessions.

No-Smoking Policy

The 2nd international symposium on Tribbles and diseases prohibits 

smoking in all areas of the conference venue and all hotel rooms.

Time

Beijing Time is 8 hours ahead of Universal Time (UTC) or Greenwich Mean

Time (GMT).

Emergency Contacts and Useful Phone Numbers: 

Academics: Ke Li, 13683630137

Logistics: Xiang Zhang, 18801330622



Hotel Information

Overlooking Longtan Lake, Lake View Hotel offers 5-star luxury

accommodation with 6 dining options. The hotel’s spacious guestrooms

feature a flat-screen TV and free Wi-Fi.

Lake View Hotel is 3.5 km from Beijing Railway Station. The tourist attraction

Temple of Heaven is a 10-minute drive away. Lake View Hotel offers car rental

services and free parking.

Currency exchange and ticket services are also available upon request.



Abstract
1. TRIB1 mediated regulation of Treg function and kidney transplantation
Richard Danger1,2,3

1 Centre de Recherche en Transplantation et Immunologie (CRTI), Inserm, Université
de Nantes, Nantes, France
2 Institut de Transplantation Urologie Néphrologie (ITUN), CHU Nantes, Nantes,
France
3 LabEx IGO “Immunotherapy, Graft, Oncology”, Nantes, France,

Regulatory CD4+ T lymphocytes (Treg) are key players to control immune system and

thus play important roles in allograft survival in different experimental models and in

human kidney transplantation. In renal transplanted patients experiencing chronic

antibody-mediated rejection (CAMR), we described a decreased blood Treg

frequency associated with an incomplete forkhead box transcription 3 (FOXP3)

promoter demethylation, the central transcription factor of Treg. We also

demonstrated the usefulness of the gene coding for TRIB1 (Tribbles pseudokinase 1)

as a diagnostic biomarker for CAMR. We also described that TRIB1 is

over-expressed in Treg compared to counterpart naïve T cells and interacts in the

nucleus with FOXP3. This talk will focus on our current hypothesis which is that

TRIB1 participates to the multiprotein regulatory complex driven by FOXP3 and

modulates the downstream transcriptional program that is essential for Treg

homeostasis, stability, proliferation and function. In order to address the role of TRIB1

in Treg, we developed a mouse strain with Tamoxifen conditional deletion of Trib1

specifically in Treg. While TRIB1 over-expression impairs activated CD4+

lymphocytes proliferation, our preliminary results highlighted Trib1 deletion in

transgenic mice is associated with gene expression alterations, including Foxp3 itself

and interleukin 2 receptor alpha gene (Il2ra).



2. Myeloid TRIB1 controls experimental atherosclerosis

Jessica M Johnston1, Adrienn Angyal1, Robert Bauer2, Daniel Rader2, Carol

Shoulders3, Sheila Francis1, Endre Kiss-Toth1

1Department of Infection, Immunity & Cardiovascular Disease, Medical School,

University of Sheffield, UK
2 Perelman School of Medicine, University of Philadelphia and Children’s Hospital of

Philadelphia, Philadelphia, PA, USA
3 William Harvey Research Institute, Queen Mary University of London and Barts,

London, UK

Corresponding author name: Professor Endre Kiss-Toth

Topic area: Immunity

Introduction

Genome Wide Association Studies have identified Tribbles-1 (TRIB1) as a regulator

of plasma lipid levels and a risk factor for MI. Studies using Trib1 full body- and liver

specific knockout mice have shown that hepatic expression of Trib1 reduces

circulating lipids4. Additionally, Trib1 has been shown to be a regulator of alternatively

activated macrophage polarisation5. However, there has been no study to directly

evaluate the role of myeloid Trib1 (mTrib1) in atherogenesis.

Methods

To determine the role of mTrib1 in atherosclerosis, we developed myeloid-Trib1

deficient (mTrib1KO) and overexpression (mTrib1Tg) mouse strains. To distinguish

between metabolic and inflammatory drivers of atherosclerosis, bone marrow from

these strains were transplanted into lethally irradiated ApoE-/- mice and fed on a

western diet for 12 weeks. Additionally, we also induced atherosclerosis in mTrib1Tg

and mTrib1WT strains by injecting rAAV8/mPCSK9 and fed western diet for 12 weeks.

Results

mTrib1KOApoE-/- mice were protected while mTrib1TgApoE-/- mice presented with

increased atherosclerotic burden in both the aorta (P<0.05) and aortic sinus (P<0.05)

with significantly increased number of foam cell macrophages. Additionally, in vitro

studies showed that BMDMs from mTrib1Tg mice uptake more oxidized LDL (oxLDL)



and have dyrsegulated levels of the oxLDL scavenger receptor (OLR1) and lipid

handling gene expression. Initial analysis from our rAAV8/mPCSK9 study supports

our findings with mTrib1Tg-PCSK9 mice exhibiting a higher burden of atherosclerosis

in the aorta (P<0.05).

Conclusion

We conclude that Trib1 is a potent regulator of atherosclerosis, the over-expression of

which promotes atherogenesis through elevated oxLDL uptake and subsequent foam

cell formation in plaque macrophages.



3. TRIBBLES-3, a novel regulator of lipid handling and metabolic syndromes.

Zabran Ilyas1 Jihan al Ghamdi1, Liang Li2, Jessica Johnston1 Nguan Soon Tan2,3,4,5

Endre Kiss-Toth1

1 Department of Infection, Immunity and cardiovascular disease, University of

Sheffield, Sheffield, S10 2RX, UK
2School of Biological Sciences, Nanyang Technological University, 60 Nanyang Drive,

Singapore 637551
3Lee Kong Chian School of Medicine, Nanyang Technological University, 50 Nanyang

Drive,

Singapore 639798
4Institute of Molecular Cell Biology, 61 Biopolis Drive, Proteos, Agency for Science

Technology & Research, Singapore 138673
5KK Research Centre, KK Women’s and Children Hospital, 100 Bukit Timah Road,

Singapore 229899

Corresponding author name: Prof Endre Kiss-Toth

Topic area: Inflammation and metabolism

Introduction: Obesity is a major risk factor for many facets of metabolic diseases

including diabetes, hypertension and cardiovascular disease. Tribbles-3 (TRIB3) has

been implicated to play a role in these metabolic processes. However, our insight into

the role of Trib-3 in various organs remains limited. This study is aimed to use a

systemic approach, for the first time on a whole body Trib-3komice to decipher a role

for Trib-3 in metabolic dysfunction.

Methods: Trib3 full body knockout (Trib-3ko) mouse was generated using a gene-trap

system that disrupts the transcription of the Trib-3 mRNA. Comparative gene

expression microarray analysis was performed on the liver, adipose and muscle

tissues from Trib-3ko and wild-type littermates. Gene Ontology and Pathway Analysis

were performed using Ingenuity Pathway Analysis software. qRT-PCR and Western

blots were performed to validate the microarray data. Tissue morphology was verified

by histomorphometric analysis, and triglyceride content was quantified using the

ELISA.

Results: Male Trib-3ko mice were obese with elevated plasma levels of HDL and total:

cholesterol. These knockout mice also displayed a fatty liver phenotype, an increased

macrophage influx and dysregulated proliferation in the adipose tissue. Microarray



analysis revealed multiple metabolic pathways in the liver, adipose, and muscle

tissues were altered, suggesting a dysregulated inter-organ communication

underpinning obesity. Key signalling regulators, such as PPARα (P<0.05), CEBPα

(P<0.05), and AKT (P<0.05) were altered in the liver of Trib-3ko compared with

wild-type mice as evidenced by qPCR and western blots. Interestingly, we also

detected a concurrent increase in GLUT2 levels in Trib-3ko liver, pointing to a possible

cross-regulation between liver lipid and glucose metabolisms via Trib3.

Conclusion: A reduction in lipid-sensor PPARα suggest impaired lipid homeostasis

culminating in a dysfunctional, fatty liver, accompanied by distinct changes in the

adipose and skeletal muscle. Overall, our findings suggest that Trib3 plays an

important part in inter-organ communication that regulates lipid homeostasis.



4. Adipose-specific Tribbles-1, a GWAS Locus for Coronary Artery Disease,

Regulates Plasma Lipids and Circulating Adiponectin Levels.

Elizabeth E. Ha1, Gabriella I. Quartuccia1, Jian Cui1, Robert C. Bauer1

1. Division of Cardiology, Department of Medicine, Columbia University

Tribbles-1 (TRIB1) is a novel mediator of plasma lipids and coronary artery disease in

humans that was identified through genome-wide association studies. Subsequent in

vivo mouse work confirmed that hepatic Trib1 participates in regulation of plasma

lipids, yet little is known about metabolic roles for extra-hepatic Trib1. SNPs near the

TRIB1 gene are significantly associated with circulating adiponectin levels in humans,

suggesting a functional role for TRIB1 in adipose tissue. In light of this observation,

we generated adipose-specific Trib1 KO mice (Trib1_ASKO) and found that these

mice had altered plasma adiponectin levels. Interestingly, chow-fed Trib1_ASKO mice

also exhibit reduced total, HDL, and non-HDL cholesterol, as well as plasma

triglycerides as compared to WT mice. Ongoing studies aim to elucidate the

mechanism through which adipose Trib1 regulates plasma cholesterol metabolism

and insulin sensitivity. Finally, the observed roles for Trib1 in both adipose and

hepatic regulation of plasma lipids suggests that common SNPs in the 8q24 region

alter TRIB1 expression in both tissues. Using ENCODE data, we have identified 10

candidate genomic regions and are testing them for transcriptional enhancer activity.

Additionally, we are using pooled CRISPR library screens to understand

tissue-specific regulation of TRIB1 in adipocytes and hepatocytes. In summary, we

present here the first in vivo validation of the human genetic association between

TRIB1 and plasma adiponectin, and provide evidence suggesting that adipose TRIB1

contributes to the genetic associations observed in humans between TRIB1 and

multiple metabolic parameters



5. UNRAVELLING THE FUNCTION OF TRIB3 IN ERYTHROID AND

MEGAKARYOCYTIC DIFFERENTIATION

Aymen Al-Rawi, Lee Butcher and Jorge D. Erusalimsky

Department of Biomedical Sciences, Cardiff Metropolitan University, Cardiff CF5 2YB,

UK

TRIB3 has been recently implicated in the regulation of haematopoietic cell

differentiation, acting either as a negative regulator of megakaryocytopoiesis (Butcher

et al. Sci. Rep. 7:6684, 2017) or as positive regulator of stress erythropoiesis (Dev

et al. Exp. Hematol. 49:48, 2017). Haematopoietic stem/progenitor cell differentiation

along the erythroid and megakaryocytic lineages is driven primarily by erythropoietin

and thrombopoietin, respectively. These hormones act via related signal transduction

pathways, affecting the activity, deployment and/or expression of an intricate network

of signalling proteins and transcription factors, thereby coordinating specific

programmes of gene expression. Precisely how TRIB3 interacts with these pathways

is not known but its seemingly opposing effects on erythropoiesis and thrombopoiesis

raise the possibility that it might influence erythroid/megakaryocytic lineage fate

choices. In this presentation I will attempt to address this question.



6. Upregulation of Tribbles 1 in Oxidative Stress

Dominika Grzesik1, Jessica Johnston2, Eirini Meimaridou3, Jack Williams1, Avinaash

Maharaj1, Endre Kiss-Toth2, Carol C Shoulders1, Lou Metherell1

1. Centre for Endocrinology, William Harvey Research Institute, John Vane

Science Centre, Queen Mary, University of London, London, UK

2. University of Sheffield Medical School, Sheffield, UK

3. School of Human Sciences, London Metropolitan University, London, UK

Introduction:TRIBBLES 1 (TRIB1) has been detected in atherosclerotic lesions. We

recently found that human monocyte derived macrophages (MDM) with the highest

TRIB1 RNA content contained, relative to those with the lowest TRIB1 RNA content,

an enrichment of genes involved in maintaining redox homeostasis. Conversely, mice

with REDOX perturbation (Nnt-/-) have increased adrenal Trib1 RNA levels at 18m of

age, coincident with increased levels of reactive oxygen species.

Aims: To investigate the relationship between NNT deficiency and TRIB1 in adrenal

cells and macrophages.

Methods: Tissue samples were collected from Nnt+/+, Nnt-/- and NntTG mice at age

3 and 18 months of age and, bone marrow derived macrophages (BMDMs) produced

in vitro. A human adrenocortical cell line with shRNA-driven NNT knockdown

(H295R-NNT-KD) and control line (H295R-NNT-SC) were also analysed by

quantitative Western Blotting and RT-qPCR to determine the levels of TRIB1, TRIB2

and TRIB3.

Results: The observed Trib1 RNA increase in the adrenals from 18m Nnt-ablated

mice was validated by RT-qPCR. Trib1 RNA levels was also higher in BMDMs

prepared from 3m old Nnt-/- mice but not in the adrenals or in the other tissues

sampled (heart, kidney, liver, testes). Relative to H295R-NNT-SC, H295R-NNT-KD

cells contained more TRIB1 RNA and protein. No compensatory reductions in Trib2 or

Trib3 RNA levels were observed in Nnt knockout mouse tissues or in the

H295R-NNT-KD cells.

Conclusion: We provide the first evidence of cell-specific Trib1 upregulation in

response to chronic oxidative stress in adrenal cells and macrophages.

This work is supported by the Marie Skłodowska Curie ITN Project TRAIN -

TRIBBLES Research and Innovation Network (Grant No. 721532).



7. Substrate-induced ubiquitin ligase activation by the TRIB1 pseudokinase

Peter D Mace, Abigail Burgess, Sam A. Jamieson, Jack R. Curry, Zheng Ruan,

Hamish Macmillan, Anita K. Dunbier, Natarajan Kannan

The Tribbles family of pseudokinases recruit substrates—including metabolic proteins

and transcription factors—to the COP1 ubiquitin ligase for ubiquitin-mediated protein

degradation. CCAAT-enhancer binding protein (C/EBP) family transcription factors

are a particularly relevant class of Tribbles-COP1 substrate in adipocyte and myeloid

development, and acute myeloid leukaemia. We have solved several crystal

structures of TRIB1, including an autoinhibited state and the TRIB1 pseudokinase in

complex with the Tribbles recognition degron from C/EBPα. The structures show that

TRIB1 undergoes a significant conformational change relative to its substrate-free

structure to bind C/EBPα in a pseudo-substrate-like manner. Importantly,

substrate-induced rearrangement of TRIB1 engages an allosteric network that links

substrate recruitment, release of the COP1 binding-motif of TRIB1 and formation of

the cognate COP1-TRIB1 ubiquitin E3 ligase. Such a cooperative model is consistent

with biochemical experiments and molecular dynamics simulations. These findings

offer a view of pseudokinase regulation with striking parallels to bona fide kinase

regulation—via the activation loop and αC-helix—and raise the possibility of small

molecules targeting either the activation loop-in or loop-out conformations of Tribbles

pseudokinases.



8. Repurposing covalent EGFR/HER2 inhibitors for on-target degradation of

human Tribbles 2 (TRIB2) pseudokinase

Daniel M Foulkes, Dominic P Byrne, Fiona P Bailey, Samantha Ferries, Claire E

Eyers, Karen Keeshan, Safal Shrestha, Wayland Yeung, Natarajan Kannan, Carrow

Wells, David H Drewry, William J Zuercher and Patrick A Eyers*

*patrick.eyers@liverpool.ac.uk

A major challenge associated with biochemical and cellular analysis of

pseudokinases is a lack of target-validated small molecule ligands with which to probe

molecular function. Human Tribbles 2 (TRIB2) is a cancer-associated pseudokinase

with a diverse interactome, which includes the canonical AKT signaling module. There

is substantial evidence that dysregulation of TRIB2 is relevant in solid tumors and

myeloid and lymphoid-derived human leukemias, making it a novel therapeutic target.

The non-canonical TRIB2 pseudokinase domain contains a unique cysteine rich

region and interacts with a peptide motif in its own C-terminal tail, which was

previously shown to drive interaction with cellular E3 ubiquitin ligases. In this study we

demonstrate that TRIB2 is a target for previously described small molecule protein

kinase inhibitors, which were originally designed to inhibit the canonical catalytic

domain of the tyrosine kinases EGFR/HER2. Using a thermal-shift assay, we

discovered TRIB2 ligands within the Published Kinase Inhibitor Set (PKIS), and then

employed a drug repurposing approach to classify ligands that either stabilize or

destabilize TRIB2 in vitro. Remarkably, TRIB2 destabilizing agents, including the

clinical covalent drug afatinib, lead to rapid and on-target TRIB2 degradation in

human cells, eliciting tractable effects on signalling and survival. Our data

reveal drug-leads for development of TRIB2-degrading ligands, which could also be

invaluable for unravelling cellular mechanisms of TRIB2-based signaling. Finally, our

study highlights that small molecule-induced protein downregulation through drug

‘off-targets’ might be relevant for other small molecules that serendipitously target

Tribbles pseudokinases.

mailto:patrick.eyers@liverpool.ac.uk


9. Computational modelling of Tribbles complexes

Juan Salamanca-Viloria1,2, Alessandro Paiardini3, Elena Papaleo4,Óscar Villacañas1

Affiliation:

1. Mind the Byte S.L., 08028 Barcelona, Spain.

2. Facultat de Farmàcia, Universitat de Barcelona, 08028, Barcelona, Spain.

3. Department of Biochemical Sciences “A. Rossi Fanelli”, Sapienza University

of Rome, Rome, Italy.

4. Computational Biology Laboratory, Danish Cancer Society Research Center,

Strandboulevarden 49, 2100, Copenhagen , Denmark

Abstract:

Among the processes that occur in cells, direct protein-protein interactions (PPIs) are

critical for many biological functions. Proteins do not act in isolation and many

processes such as replication, transcription and signal transduction involved in

different pathways are carried out by protein interactions 1. It is therefore no surprising

that dysregulation of PPIs is related to diseases such as cancer, neurodegenerative

diseases (Huntington, Parkinson), virus infection and metabolic disorders 2.

In this context, Tribbles (TRIB) pseudokinases appear as an interesting family of

proteins, involved in many PPIs. TRIB proteins have been proposed to play roles as

“scaffolds” with other kinases (e.g. TRB3 interacts with MEK and AKT proteins) or as

regulators of transcription factors and ubiquitylation (e.g. TRIB C-terminal motif,

COP1, SIAH1) among others3. It is not surprising that dysregulation of TRB proteins

have been implicated in a variety of human cancers (AML, lung, hepatic and

melanoma)4. Researching into structure/sequence conservation and applying

computational tools such as protein-protein docking together with experimental data

will help to elucidate how these PPIs occur at an atomic level. Currently we are

investigating the interactions between TRIB3 and some of its most interesting

partners, the E3 ligase SIAH1 and the kinase PKB/AKT. Each of these studies aim to

solve different biological questions, the former related to the degradation of TRIB3

through an E3 ligase and the latter to understand TRIB3 as a potential regulator of the

AKT signalling pathway. Ultimately, identifying and understanding PPIs in more detail

will give novel insight into biological processes and may lead to the development of

new therapeutic approaches and drugs.
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Abstract

Pulmonary fibrosis (PF) is the pathological origin of incurable fibroproliferative lung

diseases, but a few anti-PF therapeutics show certain promise. Recent studies have

suggested that chronic or repeated lung injury causes failure of lung alveolar

regeneration (LAR), which can critically interfere with the resolution of PF and lead to

anti-PF therapy resistance. Here, we report that repetitive lung injury results in

progressive accumulation of the transcription repressor SLUG in alveolar epithelial

type II cells (AEC2s), which protects AEC2s from self-renewal and differentiation into

alveolar epithelial type I cells (AEC1s) by repressing expression profiles of

development- and differentiation- related genes in AEC2s. Particularly, we found that

the stress protein TRIB3 causes LAR failure by interacting with E3 ligase MDM2 and

suppressing the ubiquitin-dependent degradation of SLUG in alveolar epithelial cells.

SLUG accumulation represses expression of the sodium-dependent phosphate

transporter Slc34a2 in AEC2s, which reduces intracellular phosphate and suppresses

phosphorylation of JNK and p38 MAPK, two critical kinases for LAR, leading to LAR

failure and progressive PF. Targeting SLUG degradation by disturbing the

TRIB3/MDM2 interaction restores LAR capacity and exhibits potent therapeutic

efficacy against experimental PF. Our study dissects the regulatory mechanism of the

TRIB3-MDM2-SLUG-Slc34a2 axis in suppression of LAR in PF, which suggests a

strategy for treating patients with fibroproliferative lung diseases.



11. Structure-function analysis of Tribbles identifies conserved motifs

regulating subcellular trafficking

Leonard Dobens

University of Missouri-Kansas City

The Tribbles (Trib) family of pseudokinases are adaptor proteins that bind targets

including Akt kinase and Cdc25 phosphatase to block cell growth and division in

response to developmental and environmental signals. We have shown previously

that Drosophila Trbl protein accumulates in the nucleus, cytoplasm and at the cell

membrane, where it inhibits Akt phosphorylation to block insulin-mediated anabolism.

Misexpression of a membrane-tethered form of Akt (myr-Akt) results in strong

mislocalization of Trbl to the inner leaf of the fat body cell membrane, demonstrating

that Akt binds and recruits Trbl to the membrane in vivo. To identify domains in the

Trbl protein that mediate its trafficking among cellular compartments, we used

site-directed mutagenesis to identify a conserved motif (ESLE286) that when mutated

resulted in a protein that mislocalized strongly to the inner leaf of the cell membrane, a

strong selectivity that was abrogated by RNAi knockdown of Akt. Trbl(ESLE286G)

was more stable that WT Trbl, an it effectively recruited a tagged-WT Trbl to the

membrane to strongly reduce cell growth and Akt phosphorylation-activation. An

RNAi knockdown screen identified insulin pathway components upstream,

downstream and in parallel to Akt that modulate the subcellular loacalization of

Trbl(ESLE286G). To identify new Trbl targets, we used a computer-based tool to

measure the effect of Trbl misexpression interactors and identified the E3 ubiquitin

ligases Neuralized (Neur) and Mindbomb (Mib) as candidate Trbl targets acting in a

conserved Notch signaling pathway regulating cell size and tissue growth.



12. Advances in Genetically Engineered Models (GEM) for Human Antibody

Generation and Application

Dr. Steve Xiaofeng Yu

Director, Custom Animal Models

Cyagen Biosciences, Inc.

Suzhou, China

Abstract

Monoclonal antibodies (mAbs) developed for therapeutic drugs are rapidly increasing

in modern bio-pharmaceutic industries. Over the past 40 years, the evaluation of a

variety of systems for mAbs development is undergoing different stages, such as

early mouse mAbs by hybridomas, chimeric recombinant antibodies, CDR grafted

antibodies, phage display antibodies, and fully human antibodies by humanized

mouse models. Two humanized mouse models developed for human therapeutic

mAbs are currently very popular. One of them called “KO-plus-Transgenic” strategy

was created by disrupting the endogenous mouse antibody genes and randomly

introducing fully human antibody counterparts. Another called “Reverse Chimeric”

strategy was achieved by replacing the mouse antibody variable genes directly with

human antigen-binding variable domains fused to mouse constant domains. The

conventional ES targeting technology was basically used to generate these

humanized mouse models, but the different targeting strategies resulted in different

benefits for human antibodies. Although three major approaches, transgenic, ES

targeting and CRISPR-Cas9 mediated genome editing, are now commonly applied for

genetically engineered mouse (GEM) generations, ES targeting still demonstrates its

advantages in generation of humanized mouse models. TurboKnockout technology

based on ES targeting is recently developed by Cyagen to improve the efficiency of

traditional gene targeting approach for custom mouse model generation.

Biography
Dr. Steve Yu is a director of custom animal models at Cyagen Biosciences, Inc., a

biotech company specializing in custom genetically engineered mouse (GEM)

generation and stem cell researches related products/services. Dr. Yu has over 18

years of experiences in custom GEM models and over 13 years of experiences in

biotech industries related to custom animal model generation both in US and China.



Prior to joining Cyagen in 2013, Dr. Yu was a director of custom animal services/R&D

at Applied StemCell and research scientist at New York University School of Medicine

during 2009-2013. As a project manager/senior scientist at InGenious Targeting

Laboratory, Dr. Yu was a key contributor for generation of humanized mouse cancer

models by creating a variety of human p53 gene point mutations. Dr. Yu, as a

research fellow of Yale School of Medicine, started his research career in the field of

gene targeting and generated his first knockout mice there in 1999.
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TRIBBLES pseudokinases (TRIB1, TRIB2 and TRIB3) are important regulators of

normal and malignant haemopoiesis. The relative abundance of each TRIBBLES

family member may be important for distinct oncogenic or tumour suppressor

functions. We map the expression profiles of TRIB1, TRIB2 and TRIB3 in human and

murine haemopoietic stem, progenitor and mature cells and in human leukaemia

datasets. Our data show that TRIB1-TRIB2 have an inverse expression relationship in

normal haemopoiesis whereas TRIB1-TRIB3 have a positive correlation. We reveal

that TRIB3 expression is high in the dormant haemopoietic stem cell (HSC)

population. These analyses support a non-redundant role for each TRIBBLES

member during normal haemopoietic differentiation. We show that TRIB1-TRIB2

display a significant negative correlation in myelodysplastic syndrome (MDS) and

acute myeloid leukaemia (AML) subtypes, but not in acute lymphoid leukaemia (ALL).

This inverse relationship is specific to certain subtypes of AML. A positive correlation

exists in different leukaemia subtypes betweenTRIB1-TRIB3. In summary, there are

significant differences in the range and variance of TRIBBLES family members

expression and these insights may be important for the development of strategies to

therapeutically target these genes in different types of leukaemia.
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Abstract

Acute promyelocytic leukemia (APL) is driven by the oncoprotein PML-RAR, which

antagonizes myeloid differentiation and promotes APL-initiating cell self-renewal.

Combined all-trans retinoic acid (ATRA) with arsenic trioxide (ATO) or chemotherapy

dramatically improves the prognosis of APL patients. Here we report that expression

of pseudokinase Tribble 3 (TRIB3) associates positively with APL progression and

therapeutic resistance. The elevated TRIB3 expression promotes APL by interacting

with PML-RAR and suppressing its sumoylation, ubiquitylation and degradation.

This represses PML nuclear body assembly, p53-mediated senescence, cell

differentiation, and supports cellular self-renewal. Genetically inhibiting Trib3

expression or combination of a peptide disturbing TRIB3/PML-RAR interaction with

ATRA/ATO eradicates APL by accelerating PML-RAR degradation. Our study

provides insight into APL pathogenesis and a therapeutic option against APL.



15. TRIB3 Promotes Colorectal Cancer Stemness and Progression by

Enhancing -catenin/TCF4 Transcriptional Activity

Shuang Shang1, Fang Hua1, Yu-Wei Yang1, Jiao-Jiao Yu1, Dan-Dan Zhou1, 

Bing Cui1, Ke Li2, Xiao-Xi Lv1, Xiao-Wei Zhang1, Shan-Shan Liu1, Jin-Mei Yu1, 

Feng Wang1, Cheng Zhang1, Bo Huang3, and Zhuo-Wei Hu1*

1Immunology and Cancer Pharmacology Group, State Key Laboratory of Bioactive

Substance and Function of Natural Medicines, Institute of Materia Medica, Chinese

Academy of Medical Sciences & Peking Union Medical College, Beijing, 100050, P.R.

China

2Institute of Medicinal Biotechnology, Chinese Academy of Medical Sciences &

Peking Union Medical College, Beijing, 100050, P.R. China

3Institute of Basic Medicine, Chinese Academy of Medical Sciences & Peking Union

Medical College, Beijing, 100005, P.R. China

ABSTRACT

Background & Aims: Aberrant activation of the Wnt/  -catenin pathway plays a

fundamental role in colorectal cancer (CRC) pathogenesis. Elevated expression of

tribbles homolog 3 (TRIB3), a member of the tribbles family that is upregulated in

response to many stressors, has been reported to be a negative prognostic marker of

CRC with an elusive mechanism. We investigated whether elevated TRIB3

expression promotes CRC stemness and progression by crosstalk with Wnt/-catenin

pathway. Methods: Transgenic and carcinogen-induced CRC models were utilized to

study the relationship between TRIB3 and  -catenin in CRC tumorigenesis.

Intestine-specific Trib3-deficient mice were used to study the role of TRIB3 in normal

intestinal stem cells. Colorectal tumor organoid culture, pair-cell assays, sphere

formation assays, and tumor-initiating cell frequency assays were used to investigate

the role of TRIB3 in the regulation of CRC stem cell traits and tumor progression.

Subcutaneous and experimental metastasis xenograft models and an orthotopic CRC

model were used to verify the potential significance of the study’s findings. Results:

Elevated TRIB3 expression promotes CRC tumourigenesis and progression by

interacting with  -catenin and TCF4 to promote the assembling of  -catenin/TCF4

complex and enhance its transcriptional activity, supporting both normal intestinal and



colorectal cancer stem cell traits. Activation of  -catenin in turn enhances TRIB3

expression which results in a feedback regulatory loop between -catenin and TRIB3

in CRCs. Genetic inhibition of TRIB3 expression or disturbance of the TRIB3 and

 -catenin interaction suppresses  -catenin/TCF4 transcriptional activity and CRC

stemness to reduce CRC initiation and progression. Conclusion: TRIB3 interacts with

 -catenin to promote CRC tumorigenesis and progression, which provides

proof-of-concept for targeting the TRIB3/-catenin interaction as a therapeutic option

against Wnt/-catenin- driven CRC.
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Trib1 acts as a dominant oncogene for hematopoietic cells and also acts as a specific

cooperative partner of Hoxa9 in myeloid leukemogenesis. Hoxa9 also cooperates

with Meis1, resulting in modification of target gene regulation and promotion of

leukemic cell engraftment and expansion in vivo. It is therefore important how the

psuedokinase protein Trib1 modulates Hoxa9’s activity in leukemia development. To

clarify the Trib1’s function in Hoxa9-associated AML, we have generated

Hoxa9-induced leukemic cells derived from Trib1 KO bone marrow with or without

Trib1 overexpression. We have found that Hoxa9-binding loci are frequently

associated with those of C/EBP in the absence of Trib1 by ChIP-seq analysis. Given

that Trib1 induces degradation of C/EBP, it is predicted that Trib1 may affect

expression of Hoxa9-regulated genes. Indeed, expression of 1,164 genes were

significantly upregulated in Trib1-overexpressing cells compared to Trib1-null cells

(FC > 2, p < 0.05). Interestingly, ChIP-seq analysis for histone H3K27Ac revealed that

distribution of super-enhancers were significantly modulated between two cell types.

Erg and Ptgds are upregulated genes in which H3K27Ac signals are significantly

increased by Trib1 overexpression. The results indicate that Trib1 globally modulates

the transcriptional program of Hoxa9 and induces malignant phenotypes of AML.
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Cells detect and correct disordered proteomes through protein quality control (PQC)

systems, which maintain protein homeostasis under stress. Cellular senescence is

often accompanied by a decrease in the ability of PQC. The accumulation of impaired

and misfolded proteins can cause cell death and dysfunction. Autophagy and

proteasome system are the core machinery of PQC systems to regulate the

degradation of different proteins and other biological macromolecules in cells.

Autophagy and proteasome system maintain the protein homeostasis of cells, and

play key roles for cellular components to contest oxidative stress and inflammation.

The oncogenesis and multiple chronic inflammatory diseases involve the loss of

balance of intrinsic growth and cellular senescence. It is important that abnormal PQC

contributes the occurrence and development of cancer and chronic inflammatory

diseases. The studies from author's team have shown that pseudo-kinase TRIB3 can

interact with autophagic cargo protein p62 to inhibit autophagic flux and promote the

development of solid tumors. Furthermore, TRIB3 interact with EGFR to promote its

membrane recycle, inhibit its degradation and then participate in the malignant

progression of lung cancer. Moreover, TRIB3 can also interact with proto-oncogene

PML-RARα to inhibit ubiquitin-proteasome activity and promote the development of

promyelocytic leukemia. Based on current finding, my laboratory further demonstrated

that not only the occurrence and development of tumors can be prevented and

controlled through the regulation of the PQC function, but also a new approach is

provided for the development of innovative drugs.

mailto:huzhuowei@imm.ac.cn


18. Characterisation of TRIB3 variants associated with platelet bleeding

disorders

Ahmed Bukhari, Jessica Johnston, Endre Kiss-Toth, Martina Daly

Department of Infection, Immunity and Cardiovascular Disease, University of

Sheffield, Sheffield, United Kingdom

Background: The TRIB3 pseudokinase binds to and regulates the activity of several

key intracellular signalling proteins. Recently, a role for TRIB3 in the regulation of

megakaryocytopoiesis has been reported. In parallel, our group has identified an

enrichment of five rare TRIB3 variants among patients with unexplained platelet

function defects, leading us to hypothesise that TRIB3 may also have a role in platelet

function.

Aims: (i) to investigate the potential role of TRIB3 in platelet function using five rare

variants of TRIB3 (V107M, S146N, R149G, R153H, R181C) and (ii) to investigate

platelet activation in female and male Trib3 -/-mice.

Methods: Wild-type (WT) and variant TRIB3/YFP fusion constructs were transfected

into HeLa cells. The expression and cellular localisation of TRIB3 variants were

compared with that of wild-type TRIB3 by fluorescence microscopy; the images were

analysed using ImageJ software. The TRIB3/AKT1 interaction was investigated using

a split-YFP fused to the two putative interacting proteins in HeLa cells. Platelet

activation was assessed in Trib3 -/- mice using flow cytometry to measure membrane

P-selectin and CD41/61 expression following stimulation with the thrombin receptor

activation peptide (TRAP) AYPGKF.

Results: WT-TRIB3 and all five TRIB3 variants were shown to locate to the nucleus

following overexpression in HeLa cells. However, in contrast to wild-type TRIB3, the

S146N and R153H variants, each of which showed distinct punctate expression

patterns, the V107M, R149G, and R181C variants showed diffuse patterns of

expression. Examination of the interaction between WT-TRIB3 and AKT1 showed a

more complicated pattern with the TRIB3/AKT1 complex locating in the perinuclear

region in the majority (45%) of cells and showing a punctate pattern of expression.

However, cells showing diffuse expression of the complex either in the nucleus (27%)

or the cytoplasm (1%), were also observed. In the remainder of cells the complex

showed a punctate expression pattern in the cytoplasm (27%). The variant



TRIB/AKT1 complexes showed similar patterns of expression to that of

WT-TRIB3/AKT1 (P > 0.05 for each variant vs WT). Platelets from female but not from

male Trib3-/- animals demonstrated a significant reduction in P-selectin and

CD41/CD61 expression in response to TRAP.

Conclusions: The differences in expression pattern of the V107M, R149G, R181C

variants in HeLa cells suggests that the substituted amino acids in these variants may

affect the conformation or stability of TRIB3, which could in turn affect TRIB3 function.

Further studies examining the strength of the interaction of these TRIB3 variants with

AKT1 will elucidate potential effects of these variants on TRIB3 function. The

reduction in TRAP-induced platelet activation in female Trib3 -/- mice suggests that

TRIB3 may play a gender-specific role in platelet function.
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Abstract:

The TRIB (tribbles) family of genes consists of three highly conserved mammalian

homologues, each with its own distinctive functional properties. All three tribbles

family members have been implicated in the activation of macrophages, overall

supporting the hypothesis that tribbles family may fulfill broader but largely unexplored

functions in the integration of metabolic and inflammatory pathways in various

metabolic tissues. In particular, the pseudokinases TRIB1 and TRIB 3 have been

linked to several pathologies, including diabetes and obesity.

TRIB3 levels are induced in liver under fasting conditions as well as in livers of

diabetic db/db mice. Hepatic overexpression of TRIB3 in amounts comparable to

those in db/db mice promoted hyperglycemia and glucose intolerance. TRIB3 has

been identified as critical regulator of hepatic glucose homeostasis via negatively

modulating Akt, thus contributing to insulin resistance in individuals with susceptibility

to type 2 diabetes.

TRIB1 was found to be significantly elevated in expression in white adipose tissue

(WAT) upon acute and chronic inflammation. In adipocytes, TRIB1 is under the

control of cytokine signalling, and TRIB1 controls pro-inflammatory gene expression

in a cell-autonomous manner. Overall, TRIB1 may be involved in the communication

between metabolic (adipocytes) and immune cells in WAT, thereby contributing to

WAT inflammation in response to activated WAT-associated immune reactions. As



pro-inflammatory signalling is typically increased in sepsis, insulin resistance, and

obesity-related type 2 diabetes, the cytokine-inducible TRIB1 function in WAT might

provide a molecular rationale for the amplification of systemic inflammation. Moreover,

TRIB1 haploinsufficiency protects against high-fat diet-induced obesity, thereby

having an impact on energy metabolism.

This work is supported by the European Marie Sklodowska Curie ITN Project TRAIN -

TRIBBLES Research and Innovation Network (Grant No. 721532).
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Background: Prostate cancer (PCa) is highly dependent on the actions of sex steroid

hormones. Recently, obesity has emerged as an important metabolic alteration

driving the aggressiveness of PCa and it has been shown that androgens act as

metabolic regulators, playing an important role in reprogramming the metabolism of

PCa. Tribbles (TRIBs) are a family of pseudokinases that have been implicated in the

control of lipid and energy metabolism and in several types of cancer, but their role in

PCa is poorly understood.

Aim: This study aimed to investigate the relationship between TRIB1/3 expression

and the androgenic modulation of prostate cancer.

Methods: Human normal prostate cells PNT1A, and androgen-responsive LNCaP

and 22RV1 cells, were seeded at 500,000 cells/well, starved for 24 h and treated with

5α-dihydrotestosterone (DHT, 0, 1 nM, 10 nM, 100 nM) for 24 h. RNA and protein

were extracted for real-time PCR and Western blot analysis. Cell viability was

assessed via MTT assay.

Results:PNT1A, LNCaP and 22RV1 cell viability was enhanced upon DHT

stimulation. DHT-treated LNCaP and 22RV1 cells displayed a downregulation in

TRIB1/3, pERK1/2 and Akt expression, whereas in PNT1A cells no effect was

observed.

Conclusion: The findings suggest that androgens may have a role in modulating

TRIB1/3 in PCa cells. Consequently, via their downstream effects in signalling

pathways MAPK/ERK and Akt , TRIBs potentially regulate the metabolic homeostasis

of PCa cells. Future work will focus on characterising the impact of the

androgen/TRIB axis on PCa cells in vitro, as well as in murine models, in vivo.

Acknowledgements: This work is supported by the Marie Sklodowska Curie ITN

Project TRAIN -TRIBBLES Research and Innovation Network (Grant No. 721532).
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Background. Chronic inflammation is one of the key processes in the development

of metabolic dysfunction under obesity which represents a major risk for

cardiovascular disease. The metabolic and immune responses to obesity affect

many organs and particularly the adipose tissue where macrophages are key

effector cells modulating inflammation through the signals received from adipocytes.

The Tribbles (Trib) family of proteins has been described as major regulators of

inflammation and energy metabolism. Specifically, Trib3 participates in a wide range

of inflammatory and metabolic signalling pathways. We propose that Trib3 may

modulate macrophage polarisation and therefore modulate the immune response to

promote obesity.

Methodology. Trib3 full body knock out (Trib3KO) mice were used to study

morphological changes in the adipose tissue. To investigate whether Trib3 regulates

the polarisation state of macrophages, bone marrow derived macrophages (BMDMs)

were isolated and polarised in vitro to further characterise their pro- or anti-

inflammatory properties. Adipose tissue macrophages (CD11b+ ATMs) were isolated

from adipose tissue using magnetics beads and the expression of polarisation

markers was evaluated by qPCR.

Results. Trib3 deficiency increased subcutaneous adipose tissue mass. Cell content

showed that adipocytes were the same size compared to wild-type. However,

adipocyte and macrophage numbers were increased in the Trib3KO mice. No

significant differences in gene expression of classical polarisation markers were

found in ATMs, however differential gene expression of proteins involved in

macrophage function and phenotype was found in Trib3KO BMDMs compared to

wild type results among the different polarisation states.

Conclusion. The results obtained in this pilot study suggest a role for Trib3 in

macrophages due to expression differences measured in Trib3 deficient BMDMs,

linked to a pro-inflammatory macrophage phenotype.
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Tribbles pseudokinase 3 (TRIB3) participates in the regulation of multiple signaling

pathways that are involved in different cellular processes like cell survival,

proliferation or migration. Emerging evidences obtained during the last few years

suggest that TRIB3 is a crucial modulator of tumorigenesis. Recent observations by

our research group have shown that TRIB3 plays a tumor suppressor role in several

models of cancer through a mechanism that relies on the regulation of the

mTORC2/AKT axis. Although there is limited and often conflicting literature

concerning to the role of TRIB3 in breast cancer, the existing data suggest that this

pseudokinase could be disregulated during the development of this pathology.

In this work, we have investigated the effect of the genetic inactivation of TRIB3 in the

malignant properties of several human breast cancer cell lines. Our results show that

TRIB3 genetic inhibition increases proliferation and invasiveness of Her2+ cell lines

whereas it decreases both parameters in Her2- cells. Our data also show that Trib3

genetic inhibition enhances Akt and FOXO phosphorylation in Her2+ cells and

decreases the phosphorylation of these proteins in Her2- cells suggesting that the

ability of Trib3 to modulate the AKT/FOXO pathway determines its tumor suppressor

or oncogenic role in breast cancer cells. Ongoing work is currently investigating the

role of postranslational modifications and its influence on the subcellular location of

TRIB3 on the dual role of this pseudokinase in breast cancer.
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Tribbles pseudokinase 3 (TRIB3) participates in the regulation of multiple signaling

pathways that are involved in different cellular processes like cell survival,

proliferation or migration. Emerging evidences obtained during the last few years

suggest that TRIB3 is a crucial modulator of tumorigenesis. Recent observations by

our research group have shown that TRIB3 plays a tumor suppressor role in several

cellular and animal models of cancer through a mechanism that relies on the

regulation of the mTORC2/AKT axis. In this talk I will summarize some of our recent

findings on the role of TRIB3 in the regulation of breast cancer, hepatocellular

carcinoma and prostate cancer as well as on the role of this pseudokinase in the

regulation of autophagy-associated cancer cell death in response to different stimuli.
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Abstract:

The importance and role of TRIB1 in solid tumours such as breast cancer is still not

completely understood. Using siRNA and shRNA mediated knockdown across a

range of cell lines, with varying levels of both TRIB1 and MYC expression, we aim to

understand the role of TRIB1 in breast cancer. To date, we have knocked down

TRIB1 expression using siRNA in MCF7, MDA-MB-231 and HCC1419 breast cancer

cells with the aim of better characterising the cellular consequences of TRB1 absence.

Knockdown of TRIB1 by single transfection with Dharmacon siRNA ONTARGETplus

pool provides greater than 50% knockdown of TRIB1 three days after transfection and

results in slowed cell growth in MCF7 cells tracked over seven days. TRIB1

knockdown of greater than 10% is maintained through to seven days after

transfection.

Stable inducible shRNA systems for TRIB1 knockdown are being established in

MCF7, MDA-MB-231 and HCC1419 cells to allow the study of the effects of long term

knockdown. We also plan to use targeted proteomic techniques to reveal specific

TRB1 binding partners and gain further insight into how TRIB1 may be regulating

levels of key substrates. This will allow rational targeting of drugs to key regulatory

interactions. Through these approaches we aim to understand how the TRIB1

pseudokinase controls levels of various substrates in cancerous cells.
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Tribbles proteins (TRIB1, TRIB2 and TRIB3) are pseudokinases containing a

conserved kinase domain but lacking critical catalytic activity therefore negating their

ability to phosphorylate target proteins. They function as molecular scaffolds that can

for example i) recruit E3 ubiquitin ligases to promote the degradation of target proteins,

ii) modulate canonical MAPK and Akt signalling pathways, iii) alter the activity of

transcription factors, including nuclear receptors. Despite their high degree of

homology, tribbles proteins exhibit opposing roles in metabolism. TRIB3 is an

endogenous antagonist of insulin signalling, inhibiting glucose uptake and lipid

storage. In addition, TRIB3 expression closely follows the increasing gradient of

PPAR-γ observed during adipocyte differentiation. Perhaps, most poignantly, is the

strong correlation between increased hyperplasia and hypertrophy of adipocytes with

elevated TRIB3 expression in obesity. On the other hand, TRIB1 positively regulates

lipid synthesis and storage. Currently, little is known about the molecular mechanisms

underlying the functional differences between the tribbles proteins and their cell and

tissue specific actions. We hypothesize that specific tribbles actions are dictated by

their interactome. Therefore, we have developed an unbiased approach using mass

spectrometry analysis of the proteasome to determine the interactors of Trib1 and

Trib3. Initial results have confirmed previously reported interactors as well as

elucidating promising novel targets. Gaining a deeper insight into the interactome of

Tribbles, further contextualizing their role in both health and disease and provides us

with a more in depth understanding of their function. Research is ongoing to validate

our model.
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Hepatocellular carcinoma (HCC) is the most common primary liver malignancy and is

a leading cause of cancer-related death worldwide. Tribbles proteins (and specifically

TRIB3) have been implicated in the regulation of tumour progression in different types

of cancer. Previous work by our group has showed that genetic inactivation

of TRIB3 enhances the tumorigenic properties of cancer cells, an effect that relies in

the overstimulation of the mTORC2/AKT/FOXO axis.

In this project, we have analyzed the potential role of TRIB3 in the regulation of HCC.

It has been demonstrated that Glycine N-methyltransferase (GNMT), a protein that

catalyzes the synthesis of N-methylglycine from glycine using S-adenosylmethionine

is absent in HCC, mRNA levels are also significantly lower in livers of patients at risk

of developing HCC, thus GNMT has been proposed to be a tumor-susceptibility gene

for liver cancer.

Moreover, it has been published that animals knock-out for GNMT gene

spontaneously develop HCC. To further study the role of TRIB3 in liver cancer we

have generated TRIB3-/- x GNMT -/-mice. Our data indicate that tumorigenic properties

are accelerated in the double mutants. In addition, TRIB3 mRNA levels in liver

biopsies of steatosis patients were found to be significantly low. These results

suggest that TRIB3 could show a potential tumour suppressor role in HCC. This study

would be helpful in identifying a target for the design of novel antitumoral therapies to

aid in the management of this devastating disease.

This work is supported by the Marie Skłodowska-Curie ITN Project TRAIN – Tribbles

Research and Innovation Network (Grant No. 721532)
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Prostate cancer is one of the most common forms of cancer affecting men.

Cancer.org estimates that in 2018, 29,430 American men will die from, and 164,690

will be diagnosed with prostate cancer.

Tribbles 3 (TRIB3) is a member of the Tribbles family of pseudokinases, i.e. lacking

kinase activity. Previous work by our group has shown that TRIB3 inhibits AKT

activation by mTORC2 (Salazar et al., 2015) and that genetic inactivation of TRIB3

enhances the tumorigenic properties of cancer cells, an effect that relies on the

overstimulation of the mTORC2/AKT/FOXO axis. In addition, experiments performed

with animal models showed that lesions in the prostate of Pten+/- mice were

enhanced by TRIB3 silencing (Salazar et al., 2015).

Owing to TRIB3’s regulatory ability of AKT, and AKT’s importance in many cellular

functions such as metabolism, proliferation, survival, and migration, we hypothesise

that TRIB3 acts as a tumour suppressor in prostate cancer.

Prostate cancer cell lines in which TRIB3 has been either knocked-down/out or

over-expressed will be used to identify roles for TRIB3 in cancer progression. We

specifically aim to investigate roles of TRIB3 in proliferation, migration, and invasion,

each of which is highly important in cancer progression. Preliminary data has

suggested that ERK and AKT signaling have different effects in various prostate

cancer cell lines, and that TRIB3 has differing effects on proliferation and migration

depending on cell line.

This work is supported by the Marie Skłodowska-Curie ITN Project TRAIN – Tribbles

Research and Innovation Network (Grant No. 721532).
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Background: Macrophage is one of the important cell types recruited by cancer cells

to promote tumour growth. The recruited macrophages are polarised with different

cytokines, chemokines and CSF-1 produced by cancer cells and transform to TAMs

which express both pro- and anti-inflammatory cytokines. Tumour associated

macrophages (TAMs) can comprise up-to 50% of tumour mass. Tribbles 1 (TRIB1)

have been shown to regulate macrophage polarisation and TRIB1 itself promotes cell

cycle progression, migration, and resistance to apoptosis. However, the interplay

between TRIB1, macrophages, and tumour has not yet been explored.

Aims: We aim to better understand the role of TRIB1 in macrophage polarisation

including TAMs and gain a mechanistic insight into how TRIB1-mediated effects in

macrophages would alter tumorigenesis.

Methods: Immunofluorescence staining of Trib1 on mouse tumour was developed to

analyse TRIB1 expression in tumour microenvironment and specially in TAMs.

Monocyte derived macrophages (MDMs) differentiated from CD14+ monocytes were

polarised and analysed by qPCR. An in vivo breast cancer model using

myeloid-specific Trib1 transgenic mice and intra-ductal injection of E0771 cell line was

used to assess tumour progression in vivo.

Results: Expression of TRIB1 in tumour microenvironment and TAM was confirmed

by dual staining for Trib1 and Mac-3 in mouse breast tumour. In MDMs, upregulation

of TRIB1 in anti-inflammatory macrophages and TAMs was observed. Pilot studies in

our in vivo mouse breast cancer model shown accelerated tumour growth in

myeloid-specific Trib1 transgenic mice.

Conclusion: The current data indicate that TAMs express TRIB1 and a potential

interplay between TRIB1 expression in TAMs and tumorigenesis. Ongoing

experiments focus on revealing mechanistic details between TRIB1 expression in

TAMs and tumorigenesis, both in vitro and in vivo.
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Abstract:

Tribble proteins (Trib1/2/3) are a family of pseudokinases involved in multiple cellular

processes including glucose and lipid metabolism. Specifically, Trib3 has been shown

to regulate lipid metabolism and insulin sensitivity whereas we previously

demonstrated a role for Trib1 in inflammatory responses, including the regulation of

cytokine gene expression in white adipocytes. Tribbles also contribute to the

development of several neoplasms including cancers of the prostate, brain, breast

and acute myeloid leukaemia. The interaction between cancer cells and cells of the

tumour microenvironment, including mesenchymal stem cells, endothelial cells,

immune cells, fibroblasts and adipocytes promotes cancer progression and

metastasis. In prostate cancer (PCa), the interaction between periprostatic adipose

tissue and cancer cells enhances tumour invasion and aggressiveness. Our project

focuses on the role of Trib1 and Trib3 in the cross-talk between the adipose and

tumour cells in the tumour microenvironment. We hypothesize that abnormal Trib1

and Trib3 function in adipose cells influences PCa progression. To address this

issue, we will use mice with a conditional deletion of Trib1 or Trib3 in the adipose

tissue that are currently being generated. Primary adipocytes isolated from these

mice will be co-cultured with prostate cancer cell lines and effects on tumour cell

proliferation, invasion and migration assessed. Feasibility studies will first be



conducted by modulating Trib1/3 expression in adipocyte cell lines (mouse 3T3L1

cells; human hMADS cells) and by co-culturing them with prostate cancer cells.

Overall, this study would give insights into role of Tribbles in the interplay between

adipocytes in the tumour microenvironment and PCa progression.

This work is supported by the Marie Sklodowska Curie ITN Project TRAIN -

TRIBBLES Research and Innovation Network (Grant No. 721532).
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Background: Prostate cancer (PCa) is the most common cancer among men in

Europe and the second worldwide. First and second line therapies (surgery and

androgen ablation, respectively) are being used for PCa patients. However, a fraction

of patients fail to response to these approaches and succumb to the disease, hence

raising the need for novel therapies. TRIB1, a member of the TRIB family of

pseudokinases, has been shown to play a role in different types of cancer and more

importantly in PCa. Yet, the contribution of TRIB1 alterations to PCa pathogenesis

and progression remains obscure.

Aim:We aim to deconstruct the molecular activity of TRIB1 in prostate cancer, and to

provide robust information about its contribution to prostate cancer progression.

Methods: We first explored several online PCa patient data sets combining public

software and a homemade webtool. We next characterized the expression of the

pseudokinase in cell lines and identified those that were suitable for genetic

manipulation. Complementarily, we have undertaken a mouse modeling approach to

uncover the biological activity of TRIB1 in vivo, taking advantage of a mouse model of

prostate cancer and conditional knockout and transgenic TRIB1.

Results: Our results demonstrate that TRIB1 expression in PCa is the highest among

all tumors analyzed. Moreover, we identified genomic aberrations in a large fraction of

PCa patients, which correlated with gene expression changes. In vitro studies

corroborated our results and allowed us to identified PCa cells where to upregulate or



silence TRIB1 expression. Mouse modeling experiments provided exciting preliminary

analysis in support of an important role for TRIB1 in PCa.

Conclusion: This investigation demonstrates that TRIB1 upregulation is robustly

selected in PCa and that it may play an important role in prostate cancer biology.

This work is supported by the Marie Sklodowska Curie ITN Project TRAIN -

TRIBBLES Research and Innovation Network (Grant No. 721532).
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Abstract

Background: The TRIB1 gene has been linked to several human pathologies,

including lipid disorders and cardiovascular disease. It has also been established that

it critically regulates M2-like macrophage differentiation and unpublished data from

our group link its expression to increased atherosclerotic plaque formation. Previous

studies reported that TRIB1 protein is produced from a highly unstable mRNA, with a

half-life shorter than 1 hour, suggesting it may be subject to post-transcriptional

regulation. Indeed, the TRIB1 transcript includes a long, conserved 3UTR, enriched

with miRNA-binding sites. This study aims to investigate the post-transcriptional

regulation of TRIB1 by miRNAs in the context of macrophage biology. Macrophages

have been implicated in immune- and cardio-metabolic diseases; controlling their

molecular responses through the activity of miRNAs and TRIB1 may represent an

attractive therapeutic approach.

Methods: miRanda3.2 algorithm was used to predict miRNAs targeting TRIB1.

Additional tools and online databases were used to identify macrophage-specific

miRNAs. To experimentally validate predicted interactions, a dual luciferase reporter

assay was performed in HEK293T cells, followed by RT-qPCR and western blotting

analysis of human monocytes-derived macrophages (MDMs) to quantify endogenous

TRIB1 mRNA and protein changes, upon miRNA overexpression.

Results: We found that TRIB1 mRNA is a potential target of multiple different

miRNAs not only via the canonical 3’UTR but also via the 5’UTR and CDS (n. of

putative interactions = 1745; n. of distinct miRNAs = 1145); several miRNAs



potentially targeting TRIB1 have been previously reported to impact macrophage pro-

and anti-inflammatory responses. Among them, miR-101-3p was tested in a

luciferase assay and was found to impair the reporter gene activity. In addition,

overexpressing miR-101-3p in MDMs, resulted in a decrease in endogenous TRIB1

mRNA and protein levels (>50%), suggesting that miR-101-3p is a novel regulator of

TRIB1.

Conclusions: These findings support the notion that TRIB1 mRNA instability may be

due to miRNA-mediated silencing mechanisms; specifically, the miR-101-3p/TRIB1

interaction may regulate macrophage polarisation and function.
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ABSTRACT

Objective: High expression or aberrant activation of EGFR is related to tumor

progression and therapy resistance across cancer types, including non-small cell lung

cancer (NSCLC). A positive correlation was detected between the TRIB3 and EGFR

protein levels in NSCLC tissues. We investigated whether TRIB3 promotes NSCLC

progression by enhancing EGFR stability and its signaling cascade. Methods: GST

pull-down and CO-IP assay were used to detect the protein-protein interaction

between TRIB3 and EGFR. The recycling of EGFR was determined by ELISA and

flow cytometry assay. CCK-8 assay was conducted to detect the cell viability in cell

proliferation and cytotoxicity assays. The subcutaneous tumor model and lung

orthotopic implantation model were used to investigate the role of TRIB3/EGFR

interaction in NSCLC progression. Results: TRIB3 interacts with EGFR and recruits

PKC to enhance PKC-induced phosphorylation of EGFR, which enhances EGFR

recycling, stability, signaling activity, and NSCLC stemness. Disturbing the

TRIB3/EGFR interaction attenuates the development and progression of

TKIs-sensitive and -resistant NSCLC by accelerating EGFR degradation. Conclusion:

TRIB3 interacts with EGFR to promote NSCLC progression, which provides an

alternative therapeutic strategy against EGFR-driven cancers.
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Abstract:

Impaired autophagy is involved in the pathogenesis of hepatic fibrosis. However, how

aberrant autophagy promotes fibrosis is still far from understood. Here, we aimed to

define a previously unrevealed pro-fibrosis mechanism for the stress protein Tribbles

3 (TRIB3)-mediated autophagy dysfunction. Human cirrhosis tissues were obtained

from patients with cirrhosis who underwent an open surgical repair process. The

functional implications of TRIB3 were evaluated in mouse models of hepatic fibrosis

induced by bile duct ligation (BDL) or thioacetamide (TAA) injection. Human cirrhosis

tissues expressed higher levels of TRIB3 and the selective autophagic receptor p62

than control tissues and elevated expression of TRIB3 and p62 was positively

correlated in cirrhosis tissues. Silencing Trib3 protected against TAA-induced hepatic

fibrosis, accompanied by restored autophagy activity in fibrotic liver tissues. TRIB3

interacted with p62 and hindered p62 binding to LC3 and ubiquitinated substrates,

which caused the accumulation of p62 aggregates and obstructed autophagic flux.

TRIB3-mediated autophagy impairment not only suppressed autophagic degradation

of late endosomes but also promoted hepatocellular secretion of activin A-enriched

exosomes, which caused migration, proliferation and activation of hepatic stellate

cells (HSCs), the effector cells of liver fibrosis. Disrupting the TRIB3/p62 interaction



with a specific helical peptide exerted potent protective effects against hepatic fibrosis

by restoring autophagic flux in hepatocytes and HSCs.

Conclusions: Stress-elevated TRIB3 expression promotes hepatic fibrosis by

interacting with select autophagy receptor p62 and interfering with its functions in

liver-parenchymal cells and activating HSCs. Targeting this interaction is a promise

strategy for treating fibroproliferative liver diseases.








