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1. Final publishable summary report

This section must be of suitable quality to enable direct publication by the Commission and should preferably not exceed 40 pages. This report should address a wide audience, including the general public.

The publishable summary has to include 5 distinct parts described below: All provided in the last paragraph.

· An executive summary (not exceeding 1 page).

· A summary description of project context and objectives (not exceeding 4 pages).

· A description of the main S&T results/foregrounds (not exceeding 25 pages),
· The potential impact (including the socio-economic impact and the wider societal implications of the project so far) and the main dissemination activities and exploitation of results (not exceeding 10 pages).
· The address of the project public website, if applicable as well as relevant contact details.

Furthermore, project logo, diagrams or photographs illustrating and promoting the work of the project (including videos, etc…), as well as the list of all beneficiaries with the corresponding contact names can be submitted without any restriction.

1. Use and dissemination of foreground

A plan for use and dissemination of foreground (including socio-economic impact and target groups for the results of the research) shall be established at the end of the project. It should, where appropriate, be an update of the initial plan in Annex I for use and dissemination of foreground and be consistent with the report on societal implications on the use and dissemination of foreground (section 4.3 – H).

The plan should consist of:

· Section A 

This section should describe the dissemination measures, including any scientific publications relating to foreground. Its content will be made available in the public domain thus demonstrating the added-value and positive impact of the project on the European Union.



· Section B

This section should specify the exploitable foreground and provide the plans for exploitation. All these data can be public or confidential; the report must clearly mark non-publishable (confidential) parts that will be treated as such by the Commission. Information under Section B that is not marked as confidential will be made available in the public domain thus demonstrating the added-value and positive impact of the project on the European Union.
Section A (public)

This section includes two templates 

· Template A1:  List of all scientific (peer reviewed) publications relating to the foreground of the project. 

·    Template A2: List of all dissemination activities (publications, conferences, workshops, web sites/applications, press releases, flyers, articles published in the popular press, videos, media briefings, presentations, exhibitions, thesis, interviews, films, TV clips, posters).

These tables are cumulative, which means that they should always show all publications and activities from the beginning until after the end of the project. Updates are possible at any time.

	template A1: list of scientific (peer reviewed) publications, starting with the most important ones

	NO.
	Title
	Main author
	Title of the periodical or the series
	Number, date or frequency
	Publisher
	Place of publication
	Year of publication
	Relevant pages
	Permanent identifiers
 

(if available)
	Is/Will open access
 provided to this publication?

	1
	MicroRNA-155 controls affinity-based selection by protecting c-Myc+ B-cells from apoptosis
	Rinako Nakagawa, Elana Vigorito
	J. Clinical Investigator
	Under revision
	American Society for Clinical Investigation
	United States
	N/A
	 N/A
	
	yes

	2
	
	
	
	 
	
	
	
	 
	
	

	3
	
	
	
	 
	
	
	
	 
	
	

	
	 
	
	
	 
	
	
	
	 
	
	


	template A2: list of dissemination activities

	NO.
	Type of activities

	Main leader
	Title 
	Date/Period 
	Place 
	Type of audience

	Size of audience
	Countries addressed

	1
	Conference
	Rinako Nakagawa
	18th Germinal Centre Conference
	11-14 September, 2014
	Uddevalla, Sweden
	Scientific Community (Research)
	~200
	

	2
	Conference
	Rinako Nakagawa
	Cambridge Cancer Centre meeting
	13 February 2015
	Cambridge, UK
	Scientific Community (Research)
	~70
	

	3
	
	
	
	
	
	
	
	

	
	 
	
	
	
	
	
	
	


Section B (Confidential
 or public: confidential information to be marked clearly)

Part B1 

The applications for patents, trademarks, registered designs, etc. shall be listed according to the template B1 provided hereafter. 

The list should, specify at least one unique identifier e.g. European Patent application reference. For patent applications, only if applicable, contributions to standards should be specified. This table is cumulative, which means that it should always show all applications from the beginning until after the end of the project. 

	Template B1: List of applications for patents, trademarks, registered designs, etc.

	Type of IP Rights
:  
	Confidential 

Click on YES/NO
	Foreseen embargo date

dd/mm/yyyy
	Application reference(s) (e.g. EP123456)
	Subject or title of application
	Applicant (s) (as on the application)



	N/A
	
	
	
	 
	 

	
	
	
	
	 
	 

	
	
	
	
	 
	 

	 
	
	
	
	 
	 


Part B2 

Please complete the table hereafter:

	Type of Exploitable Foreground

	Description

of exploitable foreground
	Confidential

Click on YES/NO
	Foreseen embargo date

dd/mm/yyyy
	Exploitable product(s) or measure(s)
	Sector(s) of application

	Timetable, commercial or any other use
	Patents or other IPR exploitation (licences)
	Owner & Other Beneficiary(s) involved

	
	Ex: New superconductive Nb-Ti alloy
	
	
	MRI equipment
	1. Medical

2. Industrial inspection
	2008

2010
	A materials patent is planned for 2006


	Beneficiary X (owner)

Beneficiary Y, Beneficiary Z, Poss. licensing to equipment manuf. ABC

	
	N/A
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	


In addition to the table, please provide a text to explain the exploitable foreground, in particular:

· Its purpose

· How the foreground might be exploited, when and by whom

· IPR exploitable measures taken or intended

· Further research necessary, if any

· Potential/expected  impact (quantify where possible)

1. Report on societal implications

Replies to the following questions will assist the Commission to obtain statistics and indicators on societal and socio-economic issues addressed by projects. The questions are arranged in a number of key themes. As well as producing certain statistics, the replies will also help identify those projects that have shown a real engagement with wider societal issues, and thereby identify interesting approaches to these issues and best practices. The replies for individual projects will not be made public.

	A
General Information (completed automatically when Grant Agreement number is entered.

	Grant Agreement Number:
	

	
	PIIF-GA-2012-329741

	Title of Project:
	

	
	Identification of whether, in which aspects and by which function, a RNA binding protein, KH-type splicing regulatory protein governs development and function of B cell, a type of white blood cell

	Name and Title of Coordinator:
	

	
	Dr. Elena Vigorito, Group leader

	B
Ethics 



	1. Did your project undergo an Ethics Review (and/or Screening)?

· If Yes: have you described the progress of compliance with the relevant Ethics Review/Screening Requirements in the frame of the periodic/final project reports?

Special Reminder: the progress of compliance with the Ethics Review/Screening Requirements should be described in the Period/Final Project Reports under the Section 3.2.2 'Work Progress and Achievements'

	 No

	2.      Please indicate whether your project involved any of the following issues (tick box) :
	YES

	Research on Humans

	· Did the project involve children? 
	

	· Did the project involve patients?
	

	· Did the project involve persons not able to give consent?
	

	· Did the project involve adult healthy volunteers?
	

	· Did the project involve Human genetic material?
	

	· Did the project involve Human biological samples?
	

	· Did the project involve Human data collection?
	

	Research on Human embryo/foetus

	· Did the project involve Human Embryos?
	

	· Did the project involve Human Foetal Tissue / Cells?
	

	· Did the project involve Human Embryonic Stem Cells (hESCs)?
	

	· Did the project on human Embryonic Stem Cells involve cells in culture?
	

	· Did the project on human Embryonic Stem Cells involve the derivation of cells from Embryos?
	

	Privacy

	· Did the project involve processing of genetic information or personal data (eg. health, sexual lifestyle, ethnicity, political opinion, religious or philosophical conviction)?
	

	· Did the project involve tracking the location or observation of people?
	

	Research on Animals

	· Did the project involve research on animals?
	Yes

	· Were those animals transgenic small laboratory animals?
	Yes

	· Were those animals transgenic farm animals?
	Yes

	· Were those animals cloned farm animals?
	

	· Were those animals non-human primates? 
	

	Research Involving Developing Countries

	· Did the project involve the use of local resources (genetic, animal, plant etc)?
	

	· Was the project of benefit to local community (capacity building, access to healthcare, education etc)?
	

	Dual Use 
	

	· Research having direct military use
	No

	· Research having the potential for terrorist abuse
	

	C
Workforce Statistics 

	3.       Workforce statistics for the project: Please indicate in the table below the number of people who worked on the project (on a headcount basis).

	Type of Position
	Number of Women
	Number of Men

	Scientific Coordinator 
	 1
	 

	Work package leaders
	 
	 

	Experienced researchers (i.e. PhD holders)
	 1
	 

	PhD Students
	 
	 

	Other
	 
	 

	4.
How many additional researchers (in companies and universities) were recruited specifically for this project?
	0

	Of which, indicate the number of men: 


	0


	D   Gender Aspects

	5.        Did you carry out specific Gender Equality Actions under the project?


	(
( √
	Yes

No 

	6.
Which of the following actions did you carry out and how effective were they? 

	
	
	
	Not at all
 effective
	
	
	
	Very
effective
	

	
	
	(
	Design and implement an equal opportunity policy
	(
	(
	(
	(
	(

	
	
	(
	Set targets to achieve a gender balance in the workforce
	(
	(
	(
	(
	(

	
	
	(
	Organise conferences and workshops on gender
	(
	(
	(
	(
	(

	
	
	(
	Actions to improve work-life balance
	(
	(
	(
	(
	(

	
	√
	(
	Other:
	

	7.
Was there a gender dimension associated with the research content – i.e. wherever people were the focus of the research as, for example, consumers, users, patients or in trials, was the issue of gender considered and addressed?

	
	
	(
	Yes- please specify 



	
	√
	(
	No 

	E
Synergies with Science Education 

	8.        Did your project involve working with students and/or school pupils (e.g. open days, participation in science festivals and events, prizes/competitions or joint projects)?

	
	
	(
	Yes- please specify 



	
	√
	(
	No

	9.
Did the project generate any science education material (e.g. kits, websites, explanatory booklets, DVDs)? 

	
	
	(
	Yes- please specify 



	
	√
	(
	No

	F
Interdisciplinarity 

	10.     Which disciplines (see list below) are involved in your project? 

	3.1
	√
	(
	Main discipline
: 

	
	
	(
	Associated discipline21:
	(  
	Associated discipline21:



	G
Engaging with Civil society and policy makers

	11a        Did your project engage with societal actors beyond the research community?  (if 'No', go to Question 14)
	(
(√
	Yes

No 

	11b
If yes, did you engage with citizens (citizens' panels / juries) or organised civil society (NGOs, patients' groups etc.)? 

	
	
	(
	No

	
	
	(
	Yes- in determining what research should be performed 

	
	
	(
	Yes - in implementing the research 

	
	
	(
	Yes, in communicating /disseminating / using the results of the project

	11c
In doing so, did your project involve actors whose role is mainly to organise the dialogue with citizens and organised civil society (e.g. professional mediator; communication company, science museums)?
	(
(√
	Yes

No 

	12.   
Did you engage with government / public bodies or policy makers (including international organisations)

	
	√
	(
	No

	
	
	(
	Yes- in framing the research agenda

	
	
	(
	Yes - in implementing the research agenda

	
	
	(
	Yes, in communicating /disseminating / using the results of the project

	13a
Will the project generate outputs (expertise or scientific advice) which could be used by policy makers?

	
	
	(
	Yes – as a primary objective (please indicate areas below- multiple answers possible)

	
	
	(
	Yes – as a secondary objective (please indicate areas below - multiple answer possible)

	
	√
	(
	No

	13b  If Yes, in which fields?

	Agriculture 

Audiovisual and Media 

Budget 

Competition 

Consumers 

Culture 

Customs 

Development Economic and Monetary Affairs 

Education, Training, Youth 

Employment and Social Affairs
	
	Energy 

Enlargement 

Enterprise 

Environment 

External Relations
External Trade
Fisheries and Maritime Affairs 

Food Safety 

Foreign and Security Policy 

Fraud
Humanitarian aid
	
	Human rights 

Information Society
Institutional affairs 

Internal Market 

Justice, freedom and security 

Public Health 

Regional Policy 

Research and Innovation 

Space

Taxation 

Transport
	

	13c   If Yes, at which level?

	
	
	(
	Local / regional levels

	
	
	(
	National level

	
	
	(
	European level

	
	
	(
	International level

	H
Use and dissemination 

	14.    How many Articles were published/accepted for publication in peer-reviewed journals? 
	Soon to be 1

	To how many of these is open access
 provided?
	Soon to be 1

	       How many of these are published in open access journals?
	Soon to be 1

	       How many of these are published in open repositories?
	Soon to be 1

	To how many of these is open access not provided?
	0

	       Please check all applicable reasons for not providing open access:
	

	       ( publisher's licensing agreement would not permit publishing in a repository

       ( no suitable repository available

       ( no suitable open access journal available

       ( no funds available to publish in an open access journal

       ( lack of time and resources

       ( lack of information on open access

       ( other
: ……………
	

	15.
How many new patent applications (‘priority filings’) have been made?  ("Technologically unique": multiple applications for the same invention in different jurisdictions should be counted as just one application of grant).
	0

	16.
Indicate how many of the following Intellectual Property Rights were applied for (give number in each box).  
	Trademark
	0

	
	Registered design 
	0

	
	Other
	0

	17.    How many spin-off companies were created / are planned as a direct result of the project? 
	0

	Indicate the approximate number of additional jobs in these companies:
	

	18.  
Please indicate whether your project has a potential impact on employment, in comparison with the situation before your project: 

	
	(
	Increase in employment, or
	(
	In small & medium-sized enterprises

	
	(
	Safeguard employment, or 
	(
	In large companies

	
	(
	Decrease in employment, 
	(√
	None of the above / not relevant to the project

	
	(
	Difficult to estimate / not possible to quantify 
	
	

	19.   For your project partnership please estimate the employment effect resulting directly from your participation in Full Time Equivalent (FTE = one person working fulltime for a year) jobs:

Difficult to estimate / not possible to quantify
	Indicate figure:

(√

	I
Media and Communication to the general public 

	20.
As part of the project, were any of the beneficiaries professionals in communication or media relations?

	
	
	(
	Yes
	(
	No

	21.
As part of the project, have any beneficiaries received professional media / communication training / advice to improve communication with the general public?

	
	
	(
	Yes
	(
	No

	22
Which of the following have been used to communicate information about your project to the general public, or have resulted from your project? 

	
	(
	Press Release
	(
	Coverage in specialist press

	
	(
	Media briefing
	(
	Coverage in general (non-specialist) press 

	
	(
	TV coverage / report
	(
	Coverage in national press 

	
	(
	Radio coverage / report
	(
	Coverage in international press

	
	(
	Brochures /posters / flyers 
	(
	Website for the general public / internet

	
	(
	DVD /Film /Multimedia
	(√
	Event targeting general public (festival, conference, exhibition, science café)

	23
In which languages are the information products for the general public produced? 

	
	(
	Language of the coordinator
	(√
	English

	
	(
	Other language(s)
	
	


Question F-10: Classification of Scientific Disciplines according to the Frascati Manual 2002 (Proposed Standard Practice for Surveys on Research and Experimental Development, OECD 2002):

Fields of science and technology

1.
Natural Sciences
1.1 
Mathematics and computer sciences [mathematics and other allied fields: computer sciences and other allied subjects (software development only; hardware development should be classified in the engineering fields)]

1.2
Physical sciences (astronomy and space sciences, physics and other allied subjects) 

1.3
Chemical sciences (chemistry, other allied subjects)

1.4 
Earth and related environmental sciences (geology, geophysics, mineralogy, physical geography and other geosciences, meteorology and other atmospheric sciences including climatic research, oceanography, vulcanology, palaeoecology, other allied sciences)

1.5
Biological sciences (biology, botany, bacteriology, microbiology, zoology, entomology, genetics, biochemistry, biophysics, other allied sciences, excluding clinical and veterinary sciences)

2
Engineering and technology

2.1
Civil engineering (architecture engineering, building science and engineering, construction engineering, municipal and structural engineering and other allied subjects)

2.2
Electrical engineering, electronics [electrical engineering, electronics, communication engineering and systems, computer engineering (hardware only) and other allied subjects]

2.3.
Other engineering sciences (such as chemical, aeronautical and space, mechanical, metallurgical and materials engineering, and their specialised subdivisions; forest products; applied sciences such as geodesy, industrial chemistry, etc.; the science and technology of food production; specialised technologies of interdisciplinary fields, e.g. systems analysis, metallurgy, mining, textile technology and other applied subjects)

3.
Medical Sciences

3.1
 Basic medicine (anatomy, cytology, physiology, genetics, pharmacy, pharmacology, toxicology, immunology and immunohaematology, clinical chemistry, clinical microbiology, pathology)

3.2
Clinical medicine (anaesthesiology, paediatrics, obstetrics and gynaecology, internal medicine, surgery, dentistry, neurology, psychiatry, radiology, therapeutics, otorhinolaryngology, ophthalmology)

3.3
Health sciences (public health services, social medicine, hygiene, nursing, epidemiology)

4.
Agricultural sciences

4.1
Agriculture, forestry, fisheries and allied sciences (agronomy, animal husbandry, fisheries, forestry, horticulture, other allied subjects)

4.2
Veterinary medicine

5.
Social sciences

5.1
Psychology

5.2
Economics

5.3
Educational sciences (education and training and other allied subjects)

5.4
Other social sciences [anthropology (social and cultural) and ethnology, demography, geography (human, economic and social), town and country planning, management, law, linguistics, political sciences, sociology, organisation and methods, miscellaneous social sciences and interdisciplinary , methodological and historical S1T activities relating to subjects in this group. Physical anthropology, physical geography and psychophysiology should normally be classified with the natural sciences].

6.
Humanities

6.1
History (history, prehistory and history, together with auxiliary historical disciplines such as archaeology, numismatics, palaeography, genealogy, etc.)

6.2
Languages and literature (ancient and modern)

6.3
Other humanities [philosophy (including the history of science and technology) arts, history of art, art criticism, painting, sculpture, musicology, dramatic art excluding artistic "research" of any kind, religion, theology, other fields and subjects pertaining to the humanities, methodological, historical and other S1T activities relating to the subjects in this group] 




2. FINAL REPORT ON THE DISTRIBUTION OF THE European Union FINANCIAL CONTRIBUTION


This report shall be submitted to the Commission within 30 days after receipt of the final payment of the European Union financial contribution.

Report on the distribution of the European Union financial contribution between beneficiaries

	Name of beneficiary
	Final amount of EU contribution per beneficiary in Euros

	1. The Babraham Institute
	299,558.40

	
	

	
	

	n
	

	
	

	Total  
	299,558.40


4.1  Final publishable summary report

· An executive summary (not exceeding 1 page).
The production of high-affinity antibodies by B cells is essential for the clearance of pathogens. Increased antibody affinity for antigen is achieved by the process of affinity maturation in germinal centres (GCs). This is an iterative process in which B cells re-cycle between proliferation and the acquisition of mutations and antigen-based positive selection of the highest-affinity B cell clones. The post-transcriptional regulator microRNA (miR)-155 is critical for efficient affinity maturation and the maintenance of the GCs.
We first focused on the function of the miR processing protein KSRP in the regulation of B cell function via its effect on miR-155.  However we concluded that KSRP does not play a major role in GC-B cells based on experiments using KSRP-deficient mice and therefore shifted the miR-155 itself rather than the miR-155 processing protein. 
In order to understand the cellular and molecular mechanism by which miR-155 regulates GC responses, we utilised a miR-155 reporter mouse strain and showed that miR-155 is co-expressed with the proto-oncogene c-Myc in positively-selected B cells. Functionally, miR-155 protects c-Myc+ positively-selected B cells from apoptosis allowing their clonal expansion, which explains why deletion of miR-155 results in impaired affinity maturation and the premature collapse of GCs. Molecularly, miR-155 directly inhibits the Jumonji family member Jarid2, which we identify here as a novel component in the GC response, to promote GC-B cell survival. Our findings also suggest a basis for cooperation between c-Myc and miR-155 during the normal GC response, which may explain a longstanding enigma of how c-Myc and miR-155 can collaboratively function as oncogenes.
· A summary description of project context and objectives (not exceeding 4 pages).
The aim of this project was to study the function of the microRNA (miR) processing protein KSRP in the regulation of B cell function via its effect on miR-155.  We proposed the following 3 objectives: a) to address the function of the RNA-binding protein, KSRP, in B cell development, b) to address the function of KSRP in antigen driven B cell responses, and c) to elucidate the regulatory mechanism of KSRP over microRNA (miR)-155.  To this end we established a mouse colony of KSRP deficient mice in the lab.  However, detailed analyses of B cell development and function showed that KSRP deficient B cells develop and function normally.  Therefore we concluded from these results that KSRP does not play a major role in B cells or its function may be compensated by other miR processing proteins (LIN28 or HNRNPA1).  Due to this reason, we had slightly changed the direction of the project and focused on the miR-155 itself rather than the miR-155 processing protein, KSRP. 
As Dr. Vigorito has investigated the regulatory machinery of miRNAs on B cell function, solid data proving that miR-155 has roles in activated B cells in a B cell intrinsic manner was obtained.  This body of data was generated using a transgenic B cell receptor (BCR) animal model which was already established in the laboratory.  The alternative project then was aimed at understanding the cellular and molecular basis of miR-155 function in germinal centre (GC) B cells.  Although it is known that its deletion compromises the germinal centre responses (Science, 2007: 316, 604; Immunity, 2007: 27, 847), the cellular and molecular mechanism remains unknown.  Here we reformulated our research objectives to address this point as follows: a) Identify when miR-155 is express by GC-B cells; b) Functionally characterise the miR-155+ subset; c) Identify the underlying mechanism by which miR-155 regulates GC responses.  This revised plan allowed us to apply most of the research methodology originally proposed, and therefore the transfer of knowledge is unchanged. 

· A description of the main S&T results/foregrounds (not exceeding 25 pages).
Germinal centres (GCs) form in B cell follicles of secondary lymphoid organs upon extensive proliferation of antigen activated B cells that respond to T-cell help. They are essential for the production of plasma cells that secrete high affinity antibodies and high affinity memory-B cells. Despite their importance for vaccine- and infection-induced protection, there is limited understanding of the molecular programme that leads to the selection of high affinity B cell clones within the GC.

Affinity maturation is the result of somatic hypermutation (SHM) of the B-cell receptor (BCR) genes during intensive B cell division in the dark zone (DZ) (Nature, 2014: 509, 637), followed by rounds of affinity-based selection in the light zone (LZ) (Cell, 2010: 143, 592) where B cells are either positively-selected or die. This selection process is considered to be dependent on the affinity of the newly mutated BCR. Positively-selected GC-B cells can migrate back to the DZ where they proliferate and undergo further SHM. This bi-directional interzonal migration cycle was postulated in the “cyclic re-entry” model (Immunol Today, 1993:14, 412, J Immunol, 1997:158, 5155) and it is essential for efficient affinity maturation. 
The master regulator of GCs, Bcl6, is up-regulated in DZ B cells and represses genes involved in cell cycle arrest, the DNA damage response and plasma cell differentiation (J Exp Med, 2012: 209, 2455). As DZ B cells migrate towards the LZ, the expression of Bcl6 is down-regulated and B cells become dependent on extrinsic signals arising from interactions with antigen, follicular dendritic cells and T-cells. As a result of such signalling events, a fraction of LZ B cells are positively-selected. Recent studies have shown that c-Myc is expressed in those positively-selected LZ B cells and is a critical regulator in GC maintenance (Nat Immunol, 2012: 13, 1083; Nat Immunol, 2012: 13, 1092).

Among the genes repressed by Bcl6 is the microRNA (miR)-155 (J Exp Med, 2012: 209, 2455). Despite the known role for miR-155 in regulating the GC response, the mechanisms by which it acts are only beginning to be understood. It has been suggested that Bcl6, by inhibiting miR-155 in DZ B cells, positively regulates the expression of miR-155 target genes (J Exp Med, 2012: 209, 2455). However, it remains to be learnt what cellular processes and molecular targets miR-155 regulates while it is expressed in GC B cells. Thus we proposed the above three objectives to elucidate the miR-155-dependent cellular and molecular mechanism.
In order to complete objective a): Identify the subset of miR-155 expressing GC-B cells, a methodology coupling flow cytometric cell sorting with q-PCR was optimised.  In detail, a mouse model system with a targeted insertion of the Ig heavy chain V-region carrying specificity for Hen Egg Lysozyme (HEL), SWHEL mouse (J Exp Med, 2003; 197, 845) was used to characterise antigen specific GC-B cells.  These mice were crossed with mir-155-lacZ (-galactosidase)-reporter (mir155-LacZ) mice that allow to detect transcriptional activity of the miR-155 primary transcripts, mir-155, by measuring lacZ activity.  Although lacZ activity is a good indicator of mir-155 transcription, it may not accurately report mature miR-155 expression.  This is due to the several post-transcriptional steps involved in miR processing. 

To identify the subset of GC-B cells that express mature miR-155, I sorted antigen (HEL) specific GC cells on the basis of expressing the reporter LacZ in combination with additional surface markers that allows delineation of GC subsets and then measured miR-155 expression by q-PCR.  GC-B cells were divided in two zones: dark zone (DZ) containing proliferative cells and light zone (LZ) consisting of less proliferative cells.  Each of these zones was further divided on the basis of lacZ-derived fluorescence into lacZ positive and negative cells.  Thus, four subsets, lacZ- DZ, lacZ+ DZ, lacZ- LZ and lacZ+ LZ were dealt in the hereafter experiments.  I discovered that mature miR-155 is only expressed in the subset of lacZ+ LZ cells, but not that of lacZ+ DZ.  Within our knowledge, this is the first report that has defined the subset of GC-B cells expresses miR-155.
In order to complete objective b): Functionally characterise the miR-155+ subset, HEL-specific GC-B cells were sorted with the markers described above and their cell cycle status was analysed by staining DNA-binding fluorescent dye, DAPI.  Of interest, although it has been known that LZ cells are quiescent apart from a small subset of c-Myc+ cells (Nat Immunol, 2012: 13, 1083; Nat Immunol, 2012: 13, 1092), lacZ+ LZ subset contained more cycling cells in the S-phase, compared to lacZ- LZ subset.  Furthermore, this lacZ+ LZ subset expressed the highest level of c-Myc transcript, which indicates that miR-155+ subset co-expresses c-Myc.  This is important as c-Myc+ cells are considered as positively selected population in the LZ and proceeding to further proliferation in the DZ (Nat Immunol, 2012: 13, 1083).  LacZ+ DZ subset consisted of most proliferative cells in agreement with literature and thus contained highest proportion for S- and G2M-phases among the four subsets.  GC-B cell are required to shuttle between LZ and DZ bidirectionally to increase their affinity to antigen.  Considered percentage of cells in G2M-phase between lacZ+ DZ and lacZ+ LZ, 5.0 ( 0.82 % and 1.5 ( 0.39 % respectively, it appeared that lacZ activity reports the direction of migration, from LZ to DZ; LacZ+ LZ started cell division, migrated to DZ and proliferate the most by becoming lacZ+ DZ subset.  Thus the lacZ activity in the DZ appears to indicate the cells that have just migrated from the LZ and lost the expression of miR-155. To characterise further the expression pattern of miR-155 and c-Myc in LZ B cells, we made use of c-MycGFP reporter mice (Eur J Immunol, 2008: 38, 342). After immunisation with HEL antigen, we sorted 4 populations: c-Myc+ LZ, c-Myc- LZ, c-Myc+ DZ and c-Myc- DZ B cells from these mice and measured the expression of miR-155 by q-PCR. We confirmed that c-Myc+ LZ cells expressed higher levels of miR-155 and thus established that c-Myc and miR-155 are mainly co-expressed in a subset of LZ B cells. We then assessed whether the two molecules are functionally linked. We split GC-B cells on the basis of c-Myc expression in combination with DZ and LZ delineation. Apoptosis was measured in miR-155-sufficient and -deficient subsets by AnnexinV staining, in combination with DAPI. Early apoptotis was determined by detecting AnnexinV+ DAPI- cells. We observed that c-Myc+ cells are more prone to apoptosis in the absence of miR-155 particularly in the LZ whereas c-Myc- miR-155-/- cells were similar to their miR-155+/+ counterparts. To further validate these results, we also measured apoptosis after delineating DZ and LZ B-cells on the basis of LacZ expression in the presence or absence of miR-155. Annexin V+ population in lacZ+ LZ subset increased in the absence of miR-155 compared to an equivalent cohort of the control, suggesting that miR-155 is important for survival of lacZ+ LZ subset that contains substantial population of positively selected c-Myc+ cells.
It was previously reported that miR-155 affects optimal GC selection to acquire higher affinity without failure of somatic hyper mutation machinery (Science, 2007: 316, 604; Immunity, 2007: 27, 847).  In agreement with this, decreased affinity was observed in these HEL-specific GC-B cells. Taken together, our results suggest that miR-155 expression is required for the survival of c-Myc+ LZ B cells and that failure of c-Myc+ LZ B cells to receive miR-155-dependent survival signals leads to decreased GC cellularity with concomitant impaired affinity maturation (Figure 1).
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Figure 1. Summary illustrations showing the role of miR-155 in the GC-response. The absence of miR-155 expression in positively-selected c-Myc+ LZ B-cells increase apoptosis in the population. Consequently GC cellularity is decreased and concomitantly abrogated in affinity maturation.

To achieve the final object c): Identify underlying mechanism how miR-155 regulates GC responses, we utilised the miR-155 target list gained in the previous publication of Dr. Vigorito (Immunity, 2007: 27, 847; J Exp Med, 2014: 211, 2183). A key miR-155 target candidate in GC responses was selected from genes that are sufficiently meet two categories; 1) have roles in apoptosis regulations and 2) have specific expression pattern: in the miR-155-sufficient background, decreased expression in the lacZ+ LZ subset where miR-155 is expressed, but not in the lacZ- LZ whereas no such reduction in the lacZ+ LZ subset in the miR-155-deficient backgound. We successfully identified one of such miR-155 targets: Jarid2, a DNA-binding protein and functionality of the gene in GC responses was confirmed by retroviral gene modification; ectopic expression of Jarid2 in miR-155+/+ GC-B-cells significantly increased the percentage of LZ B-cells that undergo apoptosis.

In summary, we uncover a dynamic regulation of miR-155, which is expressed in a small subset of LZ B cells. The miR-155+ subset is enriched in cycling cells and co-expresses c-Myc, demonstrating that miR-155 expression is linked to positively-selected B cells. Functionally, we observed that expression of miR-155 protects c-Myc+ LZ B cells from apoptosis and thus plays a critical role in the maintenance of the GC response and in affinity maturation. One of the molecular targets that miR-155 directly inhibits is Jarid2, whose over-expression promotes apoptosis of LZ B cells. Overall, our results reveal a mechanism of affinity selection by functionally linking c-Myc and miR-155.
· The potential impact (including the socio-economic impact and the wider societal implications of the project so far) and the main dissemination activities and exploitation of results (not exceeding 10 pages).
We elucidate critical mechanisms by which miR-155 exerts a function to maintain germinal centre (GC) responses and thus link miR-155 to c-Myc functionally. Importantly our findings revealed the cellular and molecular basis for miR-155 regulation of affinity maturation. Thus, we suggest that miR-155 mitigates the well-documented pro-apoptotic effects caused by c-Myc. This finding explains a longstanding enigma of how c-myc and the MiR-155 host transcript BIC can function as co-operating oncogenes, a finding that may apply to other biological settings in addition to B cells. Of note, one of GC-B cell lymphomas, activated B cell–like diffuse large B cell lymphoma (ABC-DLBCL) is known to co-express c-Myc and miR-155. Our results open up the possibility that blocking the functional interaction between miR-155 and c-Myc, by use of small inhibitors, may be a potential route for improved lymphoma therapy. As a main dissemination activity, our novel finding is about to be accepted by Journal of Clinical Investigation, an influential medical journal. 
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