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Director’'s Words

reat changes came to the world and to us. New local wars

fighting over economic interests occurred while the old ones
remained. Professor Tu You-You won China’s first Nobel Prize of
nature science and inspired young and old generations of Chinese
scientists. The implementation of 135 program of China dramatically
affected our institutional future plans. New science and technology
policies to be carried out in this country are changing our funding
fate. At MARC, our traditional technology platform for engineering
animal which we take pride of is challenged by the new CRISPR
technology. We suffered from lack of conventional instruments
attributing to insufficiency of financial support. We implemented
new research programs focusing on genetics, development and cell
biology in hoping that they might become the mainstream of the life
science at Nanjing University. Dr. Cao Y, Dr. Zhang Q, Dr. Yang ZZ, Dr.
Liu G, Dr. Li CaJ, Dr. Liu JH, Dr. Zhu MS and other PIs lengthened their
publication lists with impact papers published on Dev. Cell, Cell Rep,
PNAS and many more. The project led by Dr. Gao Xiang is expected
to be nominated for the top prize of the Ministry of Education. A new
MARC core facility that will greatly improve our research condition is
under construction.
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Meanwhile, those that are meant to be constant remained at MARC.

MARC persisted on frequent Pl communication meetings, fruitful
brainstorms, academic annual retreats, strict teaching systems and
an effective PA (Pl assistance) management. Our Pls insisted on
the importance of biological significant- and hypothesis-driven
researches. Our students persistently improved their abilities for
academic thinking and researches conducting. Our PAs provided us
with the best service on every single day.

I am proud of our MARC people, a group of people who dream and
also earnestly make efforts to realize them. The changes encourage
us to march ahead. The philosophies and deeds we persist upon
grant us the power to do so. he programs of China and Nanjing
University provided the support that we greatly needed. Let us all be
thankful to the people and institutions who helped us, as well as the
animals that sacrificed. Let us also keep in mind that anything has to
be earned. We must look ahead.

The future is subject to even more changes and hence hard to
predict, yet | have never been so confident that whatever comes to
us would be the best to happen.

Min-Sheng Zhu

Director
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Research Highlight in 2015

Group Ying Cao

Kdm2a/b regulate canonical Wnt signaling via mediating the stability of nuclear beta-Catenin

Wnt/beta-catenin signaling pathway is omnipotent in that it regulates
numerous essential aspects of cellular physiology, and is well recognized
as a master regulator of embryonic development, the stemness of
stem cells, and the homeostasis in tissue and organ differentiation and
remodeling. Disregulation of the pathway is tightly correlated to the
development and progress of many diseases, including cancer. Wnt
signaling is regulated by complicated mechanisms, among which the
regulation of beta-catenin turnover plays a critical role. In the canonical
viewpoint, absence of Wnt activation will lead to the proteosomal
degradation of beta-catenin in the cytosol via amino-terminal
phosphorylation of beta-catenin and subsequent ubiquitylation,
and hence, failure in target gene transcription. Upon Wnt activation,
cytosolic beta-catenin is stabilized and imported to nucleus, where it
forms a transcription activation complex with Tcf/Lef transcription factor
to stimulate target gene transcription. It remained a question how the
nuclear beta-catenin is regulated in response to Wnt activation, so as to
maintain the signal strength at a physiological level. Our experiments
have found that the protein lysine demethylaes Jhdm1a/b (Kdm2a/b)
play an essential role in the regulation of Wnt/beta-catenin signaling.
Mechanism analysis revealed that Kdm2a/b regulate the stability of
beta-catenin in the nucleus after Wnt activation. This regulation includes
the methylation/demethylation of beta-catenin, which is mediated
by Kdm2a/b via direct interaction. Kdm2a/b induced beta-catenin
demethylation and subsequently ubiquitylation in nucleus is necessary
to restrict Wnt target gene transcription. We hence propose a model for
the regulation of Wnt pathway via Kdm2a/b-modulated nuclear beta-
catenin turnover (Figure1). Wnt activation leads to stabilization and
translocation of beta-catenin into nucleus, where it is methylated at the
lysine residues within the fourth and fifth armadillo repeats by unknown
factor(s). beta-catenin forms a complex with Tcf/Lef transcription factors
to activate transcription. To limit accumulation of beta-catenin in nucleus
and hence target gene activation or to remove the protein at the end of
signaling, Kdm2a/b compete with Tcf/Lef for beta-catenin binding and
removes the methyl marks from beta-catenin, which is subsequently
degraded via ubiquitylation. As a result, Wnt target gene transcription is
attenuated or turned off.

Since the Wnt/beta-catenin signaling is an important pathway in
regulating dorso-ventral axis patterning during embryonic development,
we therefore have tested the effect of Kdm2a/b on Xenopus body axis
formation. We have found that Xenopus Kdm2a/b inhibit beta-catenin-
induced secondary axis formation, and knockdown of Kdm2a/b increase
the level of nuclear beta-catenin and methylated beta-catenin, and
enhance the expression of target genes of Wnt/beta-catenin. These data
tell that Kdm2a/b regulate Xenopus body axis formation via regulating
nuclear beta-catenin. The mechanism is not only important for the
understanding the regulation of Wnt/beta-catenin signaling, it is also
enlightening for the research in the other fields including stem cell
biology and cancer biology. For detailed information, see Developmental
Cell, 2015 Jun 22;33(6):660-74.
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Figure 1. A proposed model for the Kdm2a/b regulated stability of nuclear beta-catenin




Group Minsheng Zhu

Regulation of DLK1 by the maternally expressed miR-379/miR-544 cluster may underlie
callipyge polar overdominance inheritance

Yun-Qian Gao™, Xin Chen®', Pei Wang?, Lei Lu®, Wei Zhao®, Chen Chen’, Cai-Ping Chen’, Tao Tao’, Jie Sun’,Yan-Yan Zheng?’, Jie Du’, Chao-Jun Li*, Zhen-Ji
Gan’, Xiang Gao’, Hua-Qun Chen*, and Min-Sheng Zhu**

°State Key Laboratory of Pharmaceutical Biotechnology, Model Animal Research Center and Ministry of Education (MOE) Key Laboratory of Model
Animal for Disease Study, Nanjing University, Nanjing 210061, China; *Innovation Center for Cardiovascular Disorders, Beijing Anzhen Hospital, Beijing
100029, China; and “School of Life Science, Nanjing Normal University, Nanjing 210009, China

Edited by Se-Jin Lee, Johns Hopkins University, Baltimore, MD, and approved September 29, 2015 (received for review June 11, 2015)

Inheritance of the callipyge phenotype in sheep is an example of o+ - HCLPGMAT -

. . . . . miR-379 cluster miR-379 cluster
polar overdominance inheritance, an unusual mode of inheritance. Mirg Mirg
To investigate the underlyingmolecular mechanism, we profiled the Mat _D__//_Huuu__ Malmm
expression of the genes located in the Delta-like T homolog (DIk1)-type LR
Il iodothyronine deiodinase (Dio3) imprinting region in mice. We found Dyt Ot Pl el
that the transcripts of the microRNA (miR) 379/miR-544 cluster were Pat —I———- e — pat ——A— e —
highly expressed in neonatal muscle and paralleled the expression
of the DIk1. We then determined the in vivo role of the miR-379/miR- +CLPGPAT il CLPG/CLPG L
544 cluster by establishing a mouse line in which the. cIus.ter was vat B ey A— py CLPG o asun s
ablated. The maternal heterozygotes of young mutant mice displayed |
a hypertrophic tibialis anterior muscle, extensor digitorum longus Dik1 Dik1 Pri-miR-379 cluster
muscle, gastrocnemius muscle, and gluteus maximus muscle and Pat _-%EG/,.L = Pat _-EL_’Z‘};_;._;;,:.L.'.. =
elevated expression of the DLK1 protein. Reduced expression of DLK1 = M/P\_Ix\, o
was mediated by miR-329, a member of this cluster. Our results suggest m DIk1ImRNA miR-329
that maternal expression of the imprinted miR-379/miR-544 cluster DIk1 mRNA RISC I
regulates paternal expression of the DIk1 gene in mice. We therefore t | miR-329
propose a miR-based molecular working model for polar overdominance Muscle hypertrophy -1

inheritance.

Group Qing Zhang
Deubiquitination of Ci/Gli by Usp7/HAUSP Regulates Hedgehog Signaling

Zizhang Zhou, Xia Yao, Shuang Li, Yue Xiong, Xiaohua Dong, Yun Zhao, Jin Jiang, Qing Zhang

Background: .
Hedgehog (Hh) signaling plays essential roles in animal development Graphlcal Abstract

and tissue homeostasis, and its misregulation causes congenital
diseases and cancers. Regulation of the ubiquitin/proteasome-mediated
proteolysis of Ci/Gli transcription factors is central to Hh signaling, but
whether deubiquitinase is involved in this process remains unknown.

Significance: A ECREE B LIEOGLE
In our study, we show that Hh stimulates the binding of an ubiquitin-
specific protease Usp7 to Ci, which positively regulates Hh signaling . . .

activity through inhibiting Ci ubiquitination and degradation mediated

by both Slimb-Cul1 and Hib-Cul3 E3 ligases. Furthermore, we find that

Usp7 forms a complex with GMP-synthetase (GMPS) to promote Hh

pathway activity. Finally, we show that the mammalian counterpart !‘ ‘ !
of Usp7, HAUSP, positively regulates Hh signaling by modulating Gli
ubiquitination and stability. Our findings reveal a conserved mechanism
by which Ci/Gli is stabilized by a deubiquitination enzyme and identify s“mb_l A 1
Usp7/HUASP as a critical regulator of Hh signaling and potential Cult ‘ .

—%
therapeutic target for Hh-related cancers. @
ap
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Highlights
« Ubiquitin-specific protease Usp7 positively regulates Hh signaling

|/

ITPL pte, kn, en, hib
« Usp7 binds and deubiquitinates Ci in a manner stimulated by Hh

« Usp7 regulates Hh pathway by forming a complex with GMPS

« Regulation of Hh signaling by Usp7 is evolutionarily conserved




Student of the Year 2015

Zizhang Zhou

Zizhang Zhou received his Bachelor's degree of Biological Science and Technology in 2009 from
School of Basic Medical Sciences, Jiangxi University of Traditional Chinese Medicine. He joined
Dr. Qing Zhang’s lab at the year of 2009 to study the regulatory mechanisms of Hedgehog
pathway using Drosophila.

For the past several years, his study focused on the regulation of Hedgehog (Hh) pathway. Using Drosophila as a model, he and his colleagues found
a deubiquitinase Usp7 positively regulates Hh signaling through binding and deubiquitinating Ci, the unique transcription factor of Hh pathway in
Drosophila. The mammalian counterpart of Usp7 plays a conserved role for deubiquitinating Gli. Collectively, these data reveal a conserved mechanism by
which Ci/Gli is stabilized by a deubiquitinase and identify Usp7 as a critical regulator of Hh signaling and potential therapeutic target for Hh-related cancers.
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Fig1.Loss of Usp7 decreases Hh pathway activity and Ci protein level. While overexpression of Fig2.0verexpression of Usp7 inhibits the ubiquitination of Ci. Knockdown of Usp7 promotes
Usp7 upregulates Ci. Ci ubiquitination.

Selected publications

1.Zhou ZZ,Yao X, Li S, Xiong Y, Dong XH, Zhao Y, Jiang J and Zhang Q. Deubiquitination of Ci/Gli by Usp7/HAUSP regulates Hedgehog Signaling. Dev.Cell, 2015; 34:58-72.

2. Zhou ZZ, Xu CY, Chen P, Liu C, Pang S, Yao X and Zhang Q. Stability of HIB-Cul3 E3 Ligase Adaptor HIB Is Regulated by Self-degradation and Availability of Its Substrates. Sci. Rep, 2015.5,
12709; doi: 10.1038/srep12709.

3. Liu G, Zhou ZZ, Yao X, Chen P, Sun M, Su MY, Chang CJ, Yan J, Jiang J and Zhang Q. Hedgehog signaling downregulates Suppressor of Fused through the HIB/SPOP-Crn axis in
Drosophila. Cell Res, 2014; 5: 595-609.




Organogenesis and Birth Defect




Ying Cao, Ph.D.

Cao Ying made the PhD study at the University of Essen (now University
of Duisburg-Essen), Germany, from 1998 to 2002. During the period he
performed a screening of novel genes involved in the early embryogenesis
of Xenopus laevis and identified a few new genes that play essential roles
in Xenopus embryonic development. In 2002, he earned PhD degree and
graduated summa cum laude. Afterwards during the years from 2002 to
2008 he joined the Institute of Biochemistry, University of Ulm, Germany, and
continued the study on Xenopus development, especially on the molecular
mechanisms underlying germ layer formation. From October 2008, he
was offered the professor at MARC and set up the laboratory for Xenopus
developmental biology. Besides developmental biology, he also focuses on
the research of cancer cell differentiation.

Contact Information

Tel: +86-25-58641537 (Office)
Fax: +86-25-58641500
Email: caoying@nju.edu.cn, caoying@nicemice.cn

+86-25-58641539 (Lab)

Mechanisms of embryonic and cancer cell differentiation

a) Jmjd6 and the regulation of the transcriptional activity of Tcf711.

One of the major work in the last year in our lab was to investigate the
functional correlation between Jmjdé and Tcf711. Jmjd6 is a JmjC-domain
containing protein that may exhibit histone modification activity and Tcf7I1
is a transcriptional repressor that transduces Wnt/beta-catenin signaling. We
have found that Jmjdé6 interacts with Tcf711, both by immunoprecipitation
and immunofluorescence, but does not interact with beta-catenin. We
observed that overexpression of Jmjdé alleviated transcriptional repression
of Tcf71, hence enhanced the Wnt target gene transcription and vice versa,
knockdown of Jmjd6 compromised the transcription of Wnt target genes.
Tcf711 achieves its transcription repression via the recruitment of co-
repressors like Groucho/TLE1. We observed that Jmjd6 interacts with Tcf711
to the same region where Groucho binds, suggesting that Jmjdé6 relieves
transcriptional repression of Tcf711 by competing with Groucho for Tcf711
binding. We thus proposed a model for the regulation of Tcf7I1 activity by
Jmjdé6 (Figure 1).

Tcf711 play a critical role in the regulation of vertebrate body axis formation.
Our experiments demonstrated that loss of Jmjdé function in Xenopus
embryos led to malformation of body axis (Figure 2). Meanwhile, by a series
of combinations of Tcf711/Jmjd6 overexpression/knockdown experiments,
we observed that Jmjd6 serves to alleviate the repression effect of gene

TI1 ‘. |_"’

Figure 1. A proposed model for Jmjd6 modulation of the activity of transcription
repressor Tcf711.

transcription by Tcf711. Consequently, genes that are involved in body axis
formation are upregulated. These results identify a novel mechanism for
body axis patterning in which Jmjd6 regulates the activity of Tcf7I1. For
detailed information, see J Biol Chem. 2015 Aug 14,290(33):20273-83.
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Figure 2. The dose-dependent effect of Jmjd6 knockdown on Xenopus body axis formation.
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Organogenesis and Birth Defect

b) Kdm2a/b regulate the stability of nuclear eta-catenin, thereby mediating the axis formation during Xenopus embryogenesis
n the past 12 months, one of our major research work was to revise our manuscript according to the reviewers’' comments. The work has been published in
‘Development Cell’and is introduced in the Highlights in the MARC Report 2015.

Selected publications (*Correspondence author)

1. GaoY, Cao Q Lu L, Zhang X, Zhang Z, Dong X, Jia W, Cao Y*. 2015. Kruppel-like factor 4. Cao Y*.2015. Germ layer formation during Xenopus embryogenesis: the balance
family genes are expressed during Xenopus embryogenesis and involved in germ between pluripotency and differentiation. Sci China Life Sci. 58(4):336-42.
layer formation and body axis patterning. Dev Dyn. 244(10):1328-46 5. Cao Y*. 2013. Regulation of germ layer formation by pluripotency factors during
2. Zhang X, Gao Y, Lu L, Zhang Z, Gan S, Xu L, Lei A, Cao Y*. 2015. JmjC Domain- embryogenesis. Cell Biosci. 3(1):15.
containing Protein 6 (Jmjd6) Derepresses the Transcriptional Repressor Transcription 6. Cao Q Zhang X, Lu L, Yang L, Gao J, Gao Y, Ma H, Cao Y*. (2012) KIf4 is required for
Factor 7-like 1 (Tcf711) and Is Required for Body Axis Patterning during Xenopus germ-layer differentiation and body axis patterning during Xenopus embryogenesis.
Embryogenesis. J Biol Chem. 290(33):20273-83. Development 139:3950-3961.
3. Lu L, Gao Y, Zhang Z, Cao Q, Zhang X, Zou J, Cao Y*. 2015. Kdm2a/b Lysine
Demethylases Regulate Canonical Wnt Signaling by Modulating the Stability of
Nuclear B-Catenin. Dev Cell. 33(6):660-74.

Group members

Principal investigator: Graduated students: Graduate students: Technicians:
CaoYing Cao Qing, PhD Zhang Xuena Ma Haihua
Lu Lei, PhD Gao Yan Yan Yuelou
Yang Linan (M. Sc. Jointly supervised) Zhang Zan
Lei Anhua
Xu Liyang
Chen Lu
Yang Xiaoli




Jiong Chen Ph.D.

Jiong Chen received his Bachelor in Biochemistry (1995) and his Ph.D. in
Molecular, Cell and Developmental Biology (2002), both from University of
California, Los Angeles (UCLA). His Ph.D. thesis was carried out in Frank Laski's
lab and it was focused on the genetics and developmental studies of cell
movement processes in the Drosophila ovary. From 2002 to 2004, Jiong did
his postdoctoral research in Drosophila eye development under the guidance
of Utpal Banerjee at UCLA, and it was combined with an undergraduate
teaching experience that was funded by a HHMI teaching/research grant.
He joined the Faculty of Model Animal Research Center (MARC), Nanjing
University full time early 2005. He is now a professor of genetics and
developmental biology and a principal investigator in MARC.

Contact Information
Tel : +86-25-58641507
Fax: +86-25-58641507
Email: chenjiong@nju.edu.cn

Understanding the Driving Forces behind Morphogenesis

My lab is mainly interested in how morphogenetic processes such as
cell migration and epithelial morphogenesis are regulated during
development. My lab has employed a mainly genetic approach, using the
model animal Drosophila melanogaster and cell biological techniques to
conduct most of the experiments. And there are two model systems that we
mainly use in the lab: the migrating border cells and the follicle epithelia in
the Drosophila ovary.

Border cell migration is an excellent in vivo and genetically tractable
system to study molecular mechanism underlying guided migration
or chemotaxis, and the tumor-like invasive migration of border cells
through large germline tissues can also be used as a model to identify
novel genes essential for cell migration in development as well as tumor
metastasis in cancer. In addition, since 6-10 border cells always migrate
as a coherent cluster, it has been recently used as a model system to
study collective cell migration, which is prevalent in morphogenesis,
cancer and regeneration. Currently, we are interested in the following
questions. 1. How extracellular factors (gradients) guide the cluster of
border cells and generate asymmetry within cluster? 2. How are distinct
cell polarities generated, maintained and interacting with each other
during collective migration? 3. Are there novel regulatory mechanisms
that link other important cellular process with collective migration?
Below is a list of three projects (1-3) ongoing in the lab to address these
questions.

The single layer of developing follicle epithelium (during oogenesis)
is a system that we used to probe the mechanism of apical-basal
polarity generation and maintenance. We are currently studying the
mechanism underlying apical polarity formation and maintenance using
this system. Lastly, we have also collaborated with other mouse labs in
MARC to study the role of actin disassembly regulators in two different
morphogenetic processes in the neonatal mice, namely gonocyte
migration in the testis and myofibre assembly in the heart.

Below is a brief list of projects currently going on in the lab.

1.Mechanism of asymmetry generation through intracellular trafficking
during collective migration of border cells in Drosophila ovary.

2.Mechanism of coupling other cellular processes with migratory
machinery during border cell migration.

3.Generation of distinct cell polarities during collective migration of
border cells.

4.The roles of DIg5 in regulation of apical polarity formation and
maintenance in follicle epithelial cells.

5.Cofilin and AIP1’s roles in bristle morphogenesis.

Lifeact.GFP
@ f-‘ Gk

Omin 2min 4min &min Emin

Lifeact.GFP

s

Omin
Lifeact. GFP
§
N 2
Omin

Lifeact GFP

@
b4 o T
P

omin amin 6min

Figure 1. Time-lapsed series showing clusters of 8 border cells (WT, top
row; mutants, bottom 3 rows) extending dynamic actin-rich protrusions
during collective migration.

Figure 2. Wildtype border cell clusters (A,B) reached the final
destination while mutant mosaic border cell clusters (C,D) displayed
delayed migration within the egg chambers.




Selected Publications (*corresponding author)
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1. Xu, J,, Wan, P, Wang, M., Zhang, J., Gao, X., Hu, B., Han, J., Chen, L., Sun, K., Wu, J..*,
Wu. X..*, Huang, X.* and Chen, J.* AIP1-mediated actin disassembly is required for
postnatal germ cell migration and spermatogonial stem cell niche establishment Cell
Death & Disease (2015)

2. Luo, J,, Zuo J., Wu J,, Wan., P, Kang, D., Xiang, C., and Chen, J.* in vivo RNAi screen
identifies candidate signaling genes required for collective cell migration in
Drosophila ovary Science China: Life Sciences (2015)

3. Yuan, B., Wan, P, Chu, D., Nie, J., Cao, Y., Luo, W., Lu, S., Chen, J.%, Yang, Z*. A
Cardiomyocyte-Specific Wdr1 Knockout Demonstrates Essential Functional Roles for
Actin Disassembly during Myocardial Growth and Maintenance in Mice. American
Journal of Pathology 184(7):1967-80 (2014)

4. Wan, P, Wang, D., Luo, J.,, Chu, D., Wang, H., Zhang, L., and Chen, J.* Guidance receptor
promotes asymmetric distribution of Exocyst and recycling endosome during
collective cell migration Development (2013).

Group members

5.

Chu, D., Pan, H., Wan, P, Wu, J,, Luo, J., Zhu, H. and Chen, J.* AIP1 Acts with Cofilin to
Control Actin Dynamics during Epithelial Morphogenesis Development 139:3561-
3571.(2012)

. Zhang, Lijun, Luo, J., Wan, P., Wu, J., Laski, F., Chen, J*. Regulation of cofilin

phosphorylation and asymmetry in collective cell migration during morphogenesis
Development 138:455-464. (2011)

. Chen, Jiong, Call, G., Undergraduate Research Consortium in Functional Genomics

(URCFC), and Banerjee, U. Discovery-based science education: functional genomic
dissection in Drosophila by undergraduates. PLoS Biology. 3(2): €59 (2005).

. Chen, Jiong, Dorothea Godlt, Kris Gunsalus, Istvan Kiss, Michael Goldberg and Frank A.

Laski. Cofilin/ADF is required for cell motility during Drosophila ovary development
and oogenesis. Nature Cell Biology 3(2), 204-209 (2001).

Technical Staff: Graduate Students: Former Graduate Students:
Zhou Ping Guo Xuan Wang Dou Zhang Lijun (Ph.D)

Kang Di Wu Jing Chu Dandan (Ph.D)

Luo Jun Wu Mengqi Wan Ping (Ph.D)

Wang Heng Xu Zehao Zuo Juntao (MS)




Vertebrate Organogenesis and regeneration

Xin Lou Ph.D.

Xin Lou got his Ph.D. in Shanghai Institute of Biochemistry and Cell Biology,
CAS in 2008. He was supervised by Prof. Xiaoyan Ding to study body axis
patterning in vertebrate. He did post-doctoral training in Dr. lan Scott's lab
at the Hospital for Sick Children, Toronto, where he studied the molecular
mechanisms of cardiomyocyte differentiation. He joined the Model Animal
Research Center (MARC), Nanjing University as a principle investigator in 2013.

Contact Information

Tel : +86-25-58641547 (Office)
Fax: +86-25-58641500

Email: xin.lou@nju.edu.cn

+86-25-58641563 (Lab)

Congenital defects and adult-onset cardiovascular disease are among the most critical health problems throughout
the world. A greater understanding of the process of cardiogenesis will ultimately be essential for developing new
approaches for curing and diagnosing heart defects. Zebrafish is an ideal model to study cardiovascular development
and regeneration; researchers are working with this tiny fresh water fish to illustrate the delicate molecular
mechanisms regulating these processes. Currently, our research focuses on the following aspects:

Currently, our research focuses on the following aspects

1)THE DYNAMIC CHANGE AND ROLE OF EPIGENETIC REGULATION IN HEART
DEVELOPMENT AND REGENERATION

The mammalian heart is incapable of significant regeneration following
injury such as an acute myocardial infarction. Unlike the mammalian
heart, the injured zebrafish heart normally undergoes minimal scarring
and in 30 days the transient fibrin clot is replaced with new contractile
muscle. Epigenetic regulation involves all stages of cellular processes in
cardiac regeneration: stress-response, re-entry into mitotic cell cycles, “de-
differentiation” and re-establishment of mature cell types. We applied
transcription array and proteomics approaches on regenerating adult
zebrafish heart, characterized the dynamic expression change of epigenetic
regulators during heart regeneration. Now we are focusing on a set of
chromatin modulators (including components of PRC2 complex and
NuRD complex). By using a battery of strategy ranging from experimental
molecular genetics to bioinformatics, we are studying the detail function and
mechanism of these genes in heart regeneration.

2)IDENTIFICATION OF NOVEL REGULATORS OF ORGANOGENESIS.

Zebrafish is widely used model organism for investigating organogenesis.
The rapid external development, optical clarity, and large number of

Selected Publications

1. Lou, X*., Burrows, J. T. A. and Scott, |. C. (2015) Med14 cooperates with brg1 in the
differentiation of skeletogenic neural crest. BMC Developmental Biology 2015, 15:4

2. Lou, X., Deshwar, A. R., Crump, J. G. and Scott, I. C. (2011). Smarcd3b and Gata5
promote a cardiac progenitor fate in the zebrafish embryo. Development 138,
3113-23.

3.Takeuchi, J. K.*, Lou, X.*, Alexander, J. M., Sugizaki, H., Delgado-Olguin, P, Holloway,
A.K., Mori, A. D., Wylie, J. N., Munson, C,, Zhu, Y. et al. (2011). Chromatin remodelling
complex dosage modulates transcription factor function in heart development. Nat
Commun 2, 187. (* Co-first author)

embryos laid allows scientist observe early developmental events lively
and applied a wide range of method to understood organ formation.
Recently the zebrafish molecular genetic toolbox has expanded to include
sophisticated approaches including the Cre-loxP system, transposon-
mediated transgenesis and gene modification via use of nucleases. We
optimized a “gene-breaker” transposon system, which both recapitulates
endogenous gene expression and disrupts gene function to generate a
null allele of the trapped gene. By using this system, 35 trapping fish line
have been established and we are working on identification of new heart
development/regeneration genes and analyzing their biological function.

Group members

Lab Head Lab Manager Graduate Students
Xin Lou Xiaogin Wang Lingling Zhang
Ningning Hou
Yuxi Yang
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Heart Development

Zhongzhou Yang, Ph.D.

Zhongzhou Yang was trained in the Department of Biochemistry & Molecular
Biology at the Beijing Medical University during the time 1994-97 and
was awarded a Master’s degree. In between 1998 and 1999, he worked in
the University of Pennsylvania as a visiting scholar. From 1999 till 2005, he
pursued PhD and postdoctoral training in the Friedrich Miescher Institute
for Biomedical Research (Novartis Research Foundation) /University of Basel,
Switzerland on mouse genetics. He was appointed professor in the Model
Animal Research Center in 2005.

Contact Information

Tel : +86-25-58641503(office)  +86-25-58641521(lab)
Email: zhongzhouyang@nju.edu.cn, yangzz@nicemice.cn

he cardiovascular system is the first to develop and to function in mammals, and its development involves cell fate specification, cell proliferation and
differentiation, and migration. We are interested in the developmental processes of the cardiovascular system and the underlying regulatory mechanisms.

A variety of mouse models are uterlized to address these questions.

Regulation of the second heart field development

Lineage tracing and retrospective clonal analysis have identified
two populations of cardiac progenitors during early mouse heart
development. These two pools of cardiac progenitors are localized in the first
heart field (FHF or primary heart field) and the second heart field. While the
FHF contributes mainly to the left ventricle, the SHF develops into the right
ventricle, inflow tract and outflow tract (OFT).

Starting at embryonic day 8.5 (E8.5), the migration of SHF progenitors from
the pharyngeal mesoderm (PM) and splanchnic mesoderm (SM) into the
linear heart tube is essential for heart development in mice. Genetic studies
in mice have revealed that disruption of SHF formation and migration
severely impairs heart development. For instance, deletion of Isl1, Tbx5,
Mef2c and Nkx2.5 affects SHF development, resulting in developmental
heart defects, with a single ventricle (the left ventricle) and an absence of
SHF derivatives, the right ventricle and the OFT being observed.

SHF progenitors exhibit continued proliferation and a delay in differentiation.
Fgf10, the first molecular marker of the murine SHF, and Fgf8 are the
second important regulators that promote SHF proliferation. Canonical
Wnt/K-catenin signaling also drives SHF progenitor cell proliferation. Bone
morphogenetic protein (BMP) signaling is required to induce SHF formation
and to subsequently inhibit cardiac cell proliferation.

PTEN-Akt signaling regulates stem cell/progenitor homeostasis. In several
stem cell/progenitor systems, such as hematopoietic stem cells, intestinal
stems and neural progenitor cells, deletion of Pten causes greatly increased
cell proliferation through Akt activation.

To determine whether PTEN-Akt signaling is involved in SHF regulation, we

deleted Pten in cardiac progenitors. We found that enhanced Akt signaling
promoted SHF progenitor cell proliferation through the coordination of BMP
signaling and X-catenin activity (Fig. 1).

Pten ’W'; Mef2c-Cre;
Rosa26-LacZ

Pten +; Mef2c-Cre;
Rosa26-LacZ

0,
E9.5 E9.5
C D
o E14.5 || 0 E14.5

Fig. 1. Deletion of Pten in the SHF progenitors results in enlarged SHF and right ventricle.
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Post-transcriptional regulation of Nkx2-5 by RHAU in heart development

NA G-quadruplexes (G4) play important roles in RNA biology. However,

the function and regulation of mRNA G-quadruplexes in embryonic
development remain elusive. Previously, we identified RHAU (DHX36, G4R1)
as an RNA helicase to resolve mRNA G-quadruplexes. Here, we revealed
heart defects and embryonic lethality of cardiac Rhau-deletion mice. Gene
expression profiling identified Nkx2-5 mRNA as a target of RHAU that
associates with its 5'- and 3’-UTRs, and modulates its stability and translation.
The 5'-UTR of Nkx2-5 mRNA contains G-quadruplex that requires RHAU for
protein translation, whilst the 3'-UTR of Nkx2-5 mRNA possesses an AU-
rich element (ARE) that facilitates RHAU-mediated mRNA decay. Thus, we
uncovered the mechanisms of Nkx2-5 post-transcriptional regulation during
heart development. Meanwhile, this study demonstrates the function of
mRNA 5'-UTR G-quadruplex mediated-protein translation in organogenesis
(Fig. 2).
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Fig.2. Post-transcriptional regulation of Nkx2.5 by RHAU in heart development.
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Regulation of hedgehog signaling

Qing Zhang, Ph.D
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The mechanism of mitochondrial homeostasis

Research in my lab is mainly focused on two fields: one is the regulation
of Hedgehog signaling, the other is the mechanism of mitochondrial
homeostasis.

Hedgehog signaling plays critical role in embryonic development and adult
tissue homeostasis in species ranging from insects to human. Aberrant Hh
signaling activity is associated with many human disorders including birth
defects and cancers.

In Drosophila, Hh tansduces signal through binding its receptor, a 12-
transmembrane protein Patched (Ptc), that alleviates suppression of ptc on
Smoothened (Smo)Xa GPCR-like seven-transmembrane protein. Active Smo
as the Hh signal transducer triggers a largely conserved signaling cascade
that culminates at the activation of latent transcription factors Cubitus
interruptus (Ci) which controls Hh targets decapentaplegic (dpp), ptc and
engrailed (en) expression .

Based on Hh pathway is conserved among species, we take advantage of
Drosophila as a model to investigate the mechanism of Hh signaling. Our
work mainly focuses on getting the whole picture of around 7000 conserved
genes on Hh signaling regulation and trying to answer the long-standing
questions, for example, how does Ptc, the membrane receptor of Hh, inhibit
Smo activity? how is hyperactive Ci degraded? and so on.

With Hh

N

%@ SiimbC ul1

Fig1. Hedgehog signaling pathway in Drosophila.

1. Deubiquitination of Ci/Gli by Usp7/HAUSP regulates Hedgehog Signaling

Hedgehog (Hh) signaling plays essential roles in animal development and
tissue homeostasis, and its misregulation causes congenital diseases and
cancers. Regulation of the ubiquitin/proteasome-mediated proteolysis
of Ci/Gli transcription factors is central to Hh signaling, but whether
deubiquitinase is involved in this process remains unknown. Here, we show
that Hh stimulates the binding of an ubiquitin-specific protease Usp7 to
Ci, which positively regulates Hh signaling activity through inhibiting Ci
ubiquitination and degradation mediated by both Slimb-Cul1 and Hib-
Cul3 E3 ligases. Furthermore, we find that Usp7 forms a complex with GMP-
synthetase (GMPS) to promote Hh pathway activity. Finally, we show that the
mammalian counterpart of Usp7, HAUSP, positively regulates Hh signaling by
modulating Gli ubiquitination and stability. Our findings reveal a conserved
mechanism by which Ci/Gli is stabilized by a deubiquitination enzyme and
identify Usp7/HUASP as a critical regulator of Hh signaling and potential
therapeutic target for Hh-related cancers.
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:
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Figure 2. Regulation of the ubiquitin/proteasome-mediated proteolysis of Ci/Gli transcription
factors is central to Hh signaling, but whether deubiquitinase is involved in this process
remains unknown. We unveil that the deubiquitinase Usp7/HUASP positively regulates Hh
signaling through stabilizing Ci/Gli, thus identifying Usp7/HUASP as a potential therapeutic
target for Hh-related cancers.
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2. Stability of HIB-Cul3 E3 ligase adaptor HIB Is Regulated by Self-degradation and Availability of Its Substrates

The HIB-Cul3 complex E3 ligase regulates physiological homeostasis through
regulating its substrate stability and its activity can be modulated by
changing HIB abundance. However, regulation of HIB remains elusive. Here
we provide evidence that HIB is degraded through the proteasome by Cul3-
mediated polyubiquitination in K48 manner in Drosophila. Strikingly, HIB
is targeted for degradation by itself. We further identify that three degrons
(52LKSS56T, 76LDEE8OS and 117MESQ121R) and K185 and K198 of HIB are
essential for its auto-degradation. Finally, we demonstrate that HIB-Cul3
substrates, Ci and Puc, can effectively protect HIB from HIB-Cul3-mediated
degradation. Taken together, our study indicates that there is an exquisite
equilibrium between the adaptor and targets to achieve the tight control
of the HIB, which is essential for maintaining suitable Hh and JNK signaling.
The mechanism of adaptor self-degradation and reciprocal control of the
abundance between adaptor and its substrates is also applied to BTB-Cul3 E3
ligase adaptor dKeap1, dDiablo and dKLHL18.
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Figure 3. Above shows the model of HIB auto-regulation and the biological significance of this regulation.

(A) HIB protein associates with Cul3 through its BTB domain. HIB acting as an adaptor of
HIB-Cul3 E3 ligase recruits dissociative HIB protein through the MATH domain, thus HIB-Cul3
promotes dissociative HIB ubiquitination and degradation. Substrates competitively bind the
adaptor HIB, thus preventing dissociative HIB degradation. (B) The physiological significance
of HIB auto-regulated degradation. In the presence of Hedgehog protein, Ci is transported
to the nucleus and acts as a transcription activator. Ci promotes hib expression; conversely,
HIB degrades Ci through ubiquitinating Ci. When Ci level is low, excess HIB is degraded in an
auto-regulated ubiquitination. In contrast, when the HIB level is low, Ci will protect HIB from
degradation. This delicate feedback loop allows appropriate Ci and HIB levels to remain in the
nucleus.
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Zebrafish development
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he research interests of the lab focus on investigating the molecular
mechanism underlying vertebrate early development, such as formation
and differentiation of germ layers, using zebrafish as a model animal.

RA (retinoic acid) plays essential roles in vertebrate embryogenesis. Its
homeostasis in embryos is determined by the presence of Aldh1A that
produces RA and Cyp26 that metabolizes RA into bio-inactive metabolites.
Unlike mammals, zebrafish only have aldh1a2, aldh1a3 and aldh8a1 but
not aldh1a1. Because both aldh1a3 and aldh8a1 are expressed in late

control aldh1a2-MO | aldh1a2-MO+RA
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Figure 1. Administration of RA to aldh1a2 morphants well resumes the
expression of notch1b and cdh5 in AVC and overexpression of cdh5 disrupts ECs
formation in zebrafish embryos at 76 hpf.

Control embryos had restricted expression of notch1b in AVC (A) and that of
cdh5 in heart chambers (D) of zebrafish embryos at 50 hpf. Partially knocking
down aldh1a2 caused depleted expression of notch1b in AVC (B) and expanded
expression of cdh5 into AVC (E). Adding 10 nM RA to aldh1a2 morphants from
1-cell stage well resumes the expression of notch1b in AVC (C) and that of cdh5
in heart chamber (F) at 50 hpf. Like control embryos at 16 hpf (G), 24 hpf (1), and
50 hpf (K), Tg(flk1:EGFP)s84 transgenic embryos overexpressed with cdh5 had
normal endothelial cells (white rectangle) in the midline (H) at 16 hpf, in the
endocardium of heart tube (dotted line) at 24 hpf (J), and in endothelial ring
(white arrow) of AVC (L) at 50 hpf, respectively. The formation of endocardial
cushions (white arrowhead) was normal in control embryos (arrowheads in M),
but it was affected in the embryos overexpressed with cdh5 (N) at 76 hpf. A,
atrium; V, ventricle

organogenesis, it is strongly suggest that aldh1a2 is the major gene that
is responsible for RA synthesis in zebrafish early development (Liang et al,
2008). Like mammals, zebrafish possesses a third cyp26 gene (cyp26c1) (Gu
et al., 2005) in addition to cyp26al and cyp26b1. The cyp26c1 metabolizes
RA but not retinol or retinal in a similar way to cyp26a1, the major gene that
is responsible for RA metabolism in zebrafish early development (Gu et al.,
2006). Like cyp26aT, proper expression of cyp26c1 at early developmental
stage is essential for the development of anterior—posterior axis and
left-right symmetry in zebrafish embryos (Gu et al., 2005; Gu et al., 2006).
Analyzing the promoter of cyp26al, we reveal that zebrafish cyp26al
possesses three conserved RAREs in response to RA signal and therefore
maintains RA homeostasis in a feedback way (Hu et al., 2008; Li et al., 2012).
Other than Cyp26s that can limit RA signaling, we show that Ncor1 (nuclear
receptor co-repressor) is essential for patterning the anterior—posterior axis
of zebrafish hindbrain by actively repressing RA signaling (Xu et al., 2009).

Aside from its global role in embryonic pattern formation, RA signaling
is essential to vertebrate mesoderm differentiation. It plays a restrictive
role in primitive myelopoiesis by inhibiting the specification of ventral
mesoderm cells into anterior hemangioblasts through acting downstream
of gata4/5/6, upstream of or parallel to cloche, and upstream to scl in a dose
dependent manner (Liang et al., 2012). On the other hand, it is also essential
for valvulogenesis by affecting endocardial cushions formation in zebrafish
embryos (Figure 1; Junbo Li et al., 2015). Moreover, Ncor1 and Ncor2 play
essential but distinct roles in zebrafish primitive myelopoiesis (Jingyun Li et
al., 2014). Other than RA signaling, the differentiation of ventral mesoderm is
affected by environmental factors. Excessive sodium nitrite affects zebrafish
valve leaflet formation by producing too much NO signaling (Junbo Li et al.,
2014).

RA signaling is genetically controlled by other upstream genes. Foxcla is
a member of the forkhead transcription factors. By generating knock-out
foxc1a zebrafish using TALEN (transcription activator-like effector nuclease)
technology, we found foxc1a null embryos exhibited defective somites at
early development. Comprehensive analyses on the expressions of the key
genes that control processes of somitogenesis revealed that foxc1a plays an
essential role in early somitogenesis by controlling Fgf and Notch signaling
through restricting the expression of aldh1a2 in paraxial mesoderm directly
(Figure 2; Li et al., 2015).

Engineered endonuclease (EENs) including ZFN (zinc-finger nuclease), TALEN
and CRISPR/Cas9 (clustered regularly interspaced short palindromic repeats/
CRISPR-associated 9) are powerful tools to create genome edited animals
without species limitation. Using the knock out tools of ZFN and TALEN,
we produced heritable targeted inactivation of myostatin genes in yellow
catfish, the first endogenous gene knockout in aquaculture fish (Dong et al.,
2011, Dong et al., 2014). To increase the efficiency of germline transmission
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of induced mutations and particularly knockin alleles created by CRISPR/
Cas9, we co-microinjected yfp-nanos3 mRNA with Cas9 mRNA, sgRNA
and single strand DNA donor, and demonstrated that founders carrying
fluorescent-labeled primordial germ cells produced much higher numbers
of knockin and knockout progeny. In comparison with the common practice

of selecting founders by genotyping fin clips, our new strategy of selecting
founders with tentatively fluorescent-labeled PGCs significantly increases the
ease and speed of generating heritable knocking and knockout animals with
CRISPR/Cas9 (Dong et al., 2014).
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Figure 2. Foxc1a regulating myod1 expression by inhibiting aldh1a2 expression directly.

Expressions of aldh1a2 (A-B), myod1 (C-J) and foxc1a plus aldh1a2 (K, K’ K", L, L, L") were
examined in foxcla+/+ (A, G, K, K, K") and foxclanju18/nju18 (B, D, L, L, L") embryos at
9-somite stage by whole mount in situ hybridization or whole mount double fluorescent
in situ hybridization (K, K, K" L, L, L"). Expression of myod1 was examined in foxcla+/+
(), foxc1anju18/nju18 (D), foxc1anju18/nju18 plus aldh1a2 MO (E) and foxcla+/+ plus
aldh1a2 MO (F), foxcla+/+ plus DEAB treatment (G), foxclanju18/nju18 plus DEAB
treatment (H), foxc1a+/+ plus RA treatment (1), foxc1anju18/nju18 plus RA treatment (J),
respectively. 2 uM DEAB was treated from 0 hpf to 9-somite stage. 1 uM RA was treated
from 8 hpf to 9-somite stage. Arrowhead points to the anterior somatic mesoderm
region (A-H). Brackets in I-J point to the posterior somatic mesoderm region. Arrows
point to individual somite (K, K’, K", L, L, L"). (M) Schematic diagram showing aldh1a2
promoter region. The predicted Foxcla binding site was shown. Arrows around p1 and
pNTC denote the position of PCR primers used for ChIP assay. (N) ChIP assay confirming
that there was one functional Foxc1a binding site at aldh1a2 promoter. The relative fold
enrichment of Foxc1a on aldh1a2 promoter regions of p1 and pNTC was calculated by
normalizing the PCR signals obtained from ChIP with anti-Myc Tag antibody (Foxc1a-
Myc) to the signals obtained from control ChIP with mouse IgG (Its average value was
normalized to 1)..
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Aging is a process of gradual function decline accompanied with increased
mortality rate. The evolutionary theory of aging proposed that aging takes
place because natural selection favors genes that confer benefit early on
life at the cost of deterioration later in life (antagonistic pleiotropy). Using
model organisms, researchers have demonstrated that aging is modulated
by highly conserved signaling pathways, and genetic or environmental
modulations can lead to significantly extended lifespan and delayed
functional decline. Many exciting discoveries on the molecular mechanisms
of aging were initially made in C. elegans, which is a great system for biology
research because of the ease of genetics analysis and the conservation with
higher species.

The highly conserved Insulin/IGF-1 signaling (IIS) and Target of Rapamycin
(TOR) pathway play an important role in aging in many species. Our
recently published work showed that simultaneous inhibition of IGF-1
and TOR pathways via the daf-2 rsks-1 double mutant leads to nearly
5-fold, synergistic lifespan extension. We further demonstrated that the

Currently, our research focuses on the following aspects:

underlying mechanisms involve positive feedback regulation of the DAF-16/
FOXO transcription factor via the key energy homeostasis regulator AMPK,
and the germ line tissue plays a key regulatory role in this process (Figure
1). Currently, we are using polysomal profiling coupled with RNA-Seq
techniques to identify genes that are post-transcriptionally regulated in the
daf-2 rsks-1 double mutant and characterize their roles in aging (Figure 1).

Under harsh conditions, C. elegans may arrest development and enter
a very long-lived, diapause stage called dauer. Previous studies have
identified highly conserved pathways, including insulin/IGF-1 signaling
(11S), transforming growth factor beta (TGF-B) and target of rapamycin
(TOR), as essential regulators for both aging and dauer development.
Based on previous forward genetic screenings, we have isolated the daf-
317 mutant, which showed developmental arrest with partial dauer features.
Using positional cloning strategies, we found that daf-37 encodes a highly
conserved acetyl transferase. Functional analysis indicated that DAF-31 is
also a modulator of aging by activating DAF-16/FOXO (Figure 2).

1.Functional genomics analysis of the super long-lived daf-2 rsks-1 double mutant;

2.Roles of lipid metabolism in dietary restriction-induced lifespan extension;

3.Roles of RNA metabolism in aging and diseases.
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Figure 1. Functional genomics
analysis of the super long-lived
daf-2 rsks-1 double mutant in C.
elegans.
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(A) Double mutations in DAF-2
(AMPKy) (HSP-12)

(IGF-1 receptor) and RSKS-1
(ribosomal S6 kinase) leads to
nearly 5-fold synergistic lifespan
extension, which requires the
DAF-16 (FOXO) transcription
factor. Transcriptome analysis
via microarrays helped to
reveal AMPK-mediated positive
feedback regulation of DAF-
16 in daf-2 rsks-1. (B) Polysomal
profiling coupled with RNA Seq
were used to identify genes
that are regulated at the post-
transcriptional levels in the
daf-2 rsks-1 double mutant.
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Cell Signaling and Type Il Diabetes

Shuai Chen, Ph.D.

Shuai Chen received his Ph.D. degree in Plant Molecular Physiology from
Martin-Luther University (Germany) in 2005. After his postdoctoral training
in the field of cell signaling and molecular physiology at the MRC Protein
Phosphorylation Unit (UK) from 2006 to 2011, Dr. Chen joined MARC as a
principle investigator in 2012.

Contact Information

Tel : +86-25-58641552 (Office) +86-25-58641557 (Lab)
Fax: +86-25-58641500

Email: chenshuai@nicemice.cn, chenshuai@nju.edu.cn

lood sugar lowering effect is one of the major functions of insulin, and

insulin sensitivity is most often referred to its ability to regulate glucose
homeostasis. Upon binding to its receptor, insulin shifts phospho-proteome
in various target organs towards preparation for assimilation of glucose from
the bloodstream into muscle and liver glycogen and into fat in adipose, and
also towards inhibition of glucose production from the liver. Deregulation
of insulin signaling can directly cause type Il diabetes that currently
affects nearly 100 million people in China. Type Il diabetic patients often
receive treatments such as exercise and metformin that regulate glucose
homeostasis independent of insulin (Fig. 1).

Therefore, the goal of my laboratory is to elucidate the signaling pathways
that regulate glucose homeostasis in insulin-dependent and —independent
manners. Centering on this theme, we employ proteomics, biochemistry, cell
biology and transgenics approaches to identify novel signaling components
that may be potential therapeutic targets for type Il diabetes treatment in
the future.

The recent progress of my lab is as follows:

Blood Glucose
Insulin-Independent
Signaling
Insulin Signaling
Blood Glucose

A
=2
\ 4

Figure 1 Insulin dependent and independent signaling in the pathogenesis of type Il
diabetes and its treatment.

Fasting and systemic insulin signaling regulate phosphorylation of
brain proteins that modulate cell morphology and link to neurological
disorders

Diabetes is strongly associated with cognitive decline, but the molecular
reasons are unknown. We found that fasting and peripheral insulin
promote phosphorylation and dephosphorylation, respectively, of
specific residues on brain proteins that included cytoskeletal regulators
such as slit-robo GTPase-activating protein 3 (srGAP3) and microtubule
affinity-regulating protein kinases (MARKs), whose deficiency or
dysregulation are linked to neurological disorders. Fasting activates
protein kinase A (PKA) but not PKB/Akt signaling in the brain, and PKA
can phosphorylate the purified srGAP3. The phosphorylation of srGAP3
and MARKs were increased when PKA signaling was activated in primary
neurons. Knockdown of PKA decreased phosphorylation of srGAP3.
Furthermore, WAVE1, an A-kinase anchoring protein (AKAP), can form
a complex with srGAP3 and PKA in the brain of fasted mice to facilitate
the phosphorylation of srGAP3 by PKA. Although brain cells have insulin
receptors, our findings are inconsistent with the down-regulation of
phosphorylation of target proteins being mediated by insulin signaling
within the brain. Rather, our findings infer that systemic insulin through
a yet unknown mechanism inhibits PKA or protein kinase(s) with similar
specificity and/or activates an unknown phosphatase in the brain.
Ser858 of srGAP3 was identified as a key regulatory residue, whose
phosphorylation by PKA enhanced the GAP activity of srGAP3 towards

its substrate Rac1 in cells, thereby inhibiting the action of this GTPase in
cytoskeletal regulation (Fig. 2). Our findings reveal novel mechanisms
linking peripheral insulin sensitivity with cytoskeletal remodelling in
neurons, which may help to explain the association of diabetes with
neurological disorders such as Alzheimer’s disease (AD).
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Figure 2 Fasting and systemic insulin signaling regulate phosphorylation of brain proteins
that modulate cell morphology and link to neurological disorders
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A. PAS antibody-reactive phosphoproteins were immunoprecipitated, using immobilised PAS antibody beads, from brain lysates of mice subjected to
overnight fasting (16 h) or intraperitoneal insulin injection (20 min) after an overnight fast.

B. Overnight fasted mice were intraperitoneally injected with insulin (20 min) or glucose (20 min), or allowed to re-feed ad libitum for 90 min (3 mice
for each condition) before being culled for brain sampling. The PAS antibody-reactive phosphorylation was detected in brain lysates.

C. Mice were subjected to ad libitum feeding or deprived of food for the indicated time before termination for brain sampling. The PAS antibody-
reactive phosphorylation was detected in brain lysates with FLOT-1 as a loading control.

D. Primary cerebellar granule cells were isolated from neonatal mice and subjected to stimulation with forskolin (FSK) or insulin or both. The total and
phosphorylated PKB, srGAP3 and CREB were detected in cell lysates.

E. Endogenous srGAP3 was immunoprecipitated from homogenates of brains of mice that were subjected to either ad libitum (ad lib) or overnight
fasting (16 h). Endogenous WAVE1 and PKA catalytic subunit were detected in the immunoprecipitates.

F. Ser858 phosphorylation of srGAP3 upon knockdown of PKA. PKA catalytic subunit was knocked-down via siRNA in HEK293 cells expressing HA-
srGAP3. Phosphorylation and expression of HA-srGAP3, CREB and PKA were determined via western blot using tubulin as a loading control.

G. The HA-tagged wild-type and mutant srGAP3 proteins were co-expressed with the Flag-tagged Rac1 in HEK293 cells. The GTP-Rac1 was determined
via immunoblotting after being isolated from cell lysates using recombinant Pak1-RBD.
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Zheniji Gan, Ph.D.
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Energy metabolism and muscle fithess

uscle fitness is an important determinant of health and disease.

Exercise training enhances muscle endurance and performance by
augmenting the capacity of mitochondria to burn fuels and by increasing the
proportion of slow oxidative fibers and blood supply. Conversely, reduced
physical activity such as occurs with chronic iliness, obesity, and aging results
in de-trained muscle (Fig. 1). Our lab focuses on fundamental mechanisms
that control muscle energy metabolism in physiological and disease states.
We are particularly interested in exploring the regulatory networks involved
in the coordinate control of energy metabolic and structural programs that
define muscle fitness and their potential for therapeutic development.

Developmental Cues Exercise Inactivity

\ l / Detrained

7 \\.
OO g =

Fig 1. The muscle fitness is determined by developmental as well as physiological
inputs. These inputs coordinately control the programs including fuel burning,
mitochondrial ATP production, contraction, and angiogenesis.

Delineate the nuclear receptor/microRNA networks controlling muscle
fitness.

Skeletal muscle contractile properties are tightly coupled to its metabolic
capacity. Muscle fibers are classified into slow-twitch (Type I) and fast-
twitch (Type Il). Type | myofibers are characterized by high endurance
and are mitochondrial-rich (red), relying largely on mitochondrial
oxidative metabolism for ATP production. In contrast, Type Il myofibers
are low endurance and contain fewer mitochondria, and primarily rely
on glycolytic metabolism for energy production. Muscle fibers exhibit
remarkable plasticity, undergoing extensive metabolic and structural
remodeling in response to physiological stimuli and systemic diseases.

The signaling pathways involved in the coordinate regulation of muscle
contractile machinery and metabolic capacity are unclear. Genetically
modified mouse models have demonstrated that there is a nuclear
receptor-miRNA circuit that orchestrates programs controlling muscle
energy metabolism and fiber type (Fig. 2): 1) the PGC-1a/PPARB/S/ERRy

signaling can drive a trained muscle fiber program; 2) PPARB/6 activates
ERRy which drives the miR-208b/499 circuit, thus the type | fiber
program; 3) studies of human muscle confirmed that this circuit links
control of muscle fiber type with energy metabolic capacity. This new
information has provided important insight into the role of the nuclear
receptor signaling and miRNAs network in muscle fiber type switching.

Recently, we found that in addition to the established role in the control
of genes encoding muscle contractile proteins, miR-499 also activates
a broad program of mitochondrial oxidative metabolism genes in
muscle. Our findings uncover a miR-499 mechanism for tight coordinate
control of mitochondrial metabolism and muscle fiber type, and suggest
therapeutic potential for the miR-499 circuit in muscular dystrophy.

Fig 2. (A) Muscle fiber typing by immunofluorescence staining of gastroc muscle
from 3 month old C57BL/6J mice. MHC1 (green), MHC2a (blue), MHC2b (red), and
MHC2x (unstained). (B) Schematic depicts proposed model for nuclear receptor
signaling and miRNA network in the control of muscle fiber type switching.

Genome-wide chromatin state mapping to identify novel transcriptional
components involved in the control of muscle energy metabolism and
fitness.

We are trying to conduct genome-wide chromatin state mapping to
identify regions with cis-regulatory potential in the genome of muscle
cells undergoing beneficial reprogramming. We hypothesize that
epigenetic genome-wide chromatin state mapping to find cis-elements
exhibiting dynamic changes under beneficial muscle reprogramming
(such as endurance exercise training), computational motif finding with
these regions will allows us to discovery of novel transcriptional pathway
of importance. Then proof-of-concept studies will be conducted using
cell-based and mouse genetic approaches by manipulation of the new
candidates. Fig. 3 show a genome-wide approach to delineate novel
transcriptional components involved in liver metabolism.
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Fig 3. A genome-wide approach to delineate novel transcriptional components involved in liver metabolism.
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Metabolic homeostasis and pathogenesis

he research focus of my laboratory is continuing to shift toward the

questions on tight control of the metabolic homeostasis, as well as the
consequences of disruption of this regulation during pathogenesis. We
approach these fundamental questions in coordinated with its complexity,
by analyzing multi-organs or systems. These included defining the functions
of many genes in brain, liver, adipocyte tissues, bone, gut, and immune
system. We are fascinated these tissues work together in concord to balance
the levels of glucose, fatty acids, and other metabolites for the physiological
needs.

Recently, we found that Liver-specific Ppp2ca knockout mice (Ppp2caloxp/
loxp: Alb) exhibited improved glucose homeostasis and increased insulin
sensitivity compared with littermate controls in both normal and high-fat
diet conditions, despite no significant changes in body weight and liver
weight under chow diet. Ppp2caloxp/loxp: Alb mice showed enhanced
glycogen deposition, serum triglyceride, cholesterol, low density lipoprotein
and high density lipoprotein, activated insulin signaling, decreased
expressions of gluconeogenic genes G6P and PEPCK, and lower liver
triglyceride. These findings suggest that inhibition of hepatic Ppp2ca may be
a useful strategy for the treatment of insulin resistance syndrome.

Another project in our lab is to dissect the potential role of Jmjd3 in control
the metabolic control neurons in the brain. We found cell specific gene
targeting of Jmjd3 in RIP neuron can also lead to later onset of obese, but
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Fig.2 Female specific obesity in Rip-Cre;Jmjd3lox/lox female mice.

A, Body weight in male and female littermates fed on regular chow diet from 4 to 28 weeks
of age (male n=8/n=9, female n=8/n=8). B, The gross appearance of control and knockout
female mice at the age of 7 months C, Serum leptin levels in control (n=9) and knockout (n=6)
mice at the age of 7 months. D, Subcutaneous (SC) and gonadal (GON) fat mass in control
(n=6) and knockout (n=5) mice at the age of 4 months. E, Representative photomicrographs
of WAT and BAT sections stained with hematoxylin-eosin. Scale bars, 50um. Data are
represented as meants.e.m. *P < 0.05, **P < 0.01, unpaired t test compared to control mice.

only in female(Fig 1). Now we know it actually control the Kisspeptin gene
expression. By regulating the menstrual cycle, Kisspeptin is a key mediator
for female hormone release. The relationship between estrogen and body
fat accumulation is well establish in previous study. Our studies added a new
piece for solving the puzzle between the CNS complicated control among
CNS function, reproductive function, and metabolic homeostasis.

Understanding the metabolic homeostasis may also be tackled at difference
stages, the establishment, maintenance, and reset of a specific physiological
status. One of the projects in my lab is try to understand the obesity
“memory”. It is commonly believed an obese person will obtain a tendency
to get fatty again after losing weight by food restriction or excises. We
confirmed this phenomenon using mouse models (Fig 2). The mice used to
be fat gain body weight faster than the little mate control in both normal diet
as well as high fat diet, suggesting a “memory” of old physiological status.
After bone marrow transplantation, we demonstrated that the “memory”
existed in bone marrow and related to immune system. However, which cell
types the “memory” depended on are still need more work to uncover.

The mystery of metabolic homeostasis is just beginning to be understood.
Careful studies will not only shed the light in the regulatory loops for the
beauty of complicated life, but the potential cure for diseases resulting from
disruption of these feedback loops.
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Figure2. Obesity memory relying on immune system can be revised by bone marrow
transplantation.

(A) Body weight curve showing HFD-induced obesity memory in C57BL/6J mice. (B) Body
weight curve of HFD-induced Rag1-/- mice. (C) Body weight curve of HFD-induced B6J mice
receiving bone marrow cells from EGFP mice carrying obesity memory. (D) Body weight curve
of HFD-induced B6J mice receiving bone marrow cells from normal EGFP mice.
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Protein prenylation and metabolic disorders

rotein prenylation is a critical process for the membrane association of

lots of signaling proteins, including small G proteins. Geranylgeranyl
diphosphate synthase (GGPPS) catalyzes the formation of geranylgeranyl
diphosphate (GGPP) from farnesyl diphosphate (FPP), both of which are
used to prenylate proteins with CAAX motif in their carboxyl termini. The
prenylated proteins then are able to associate with membrane to initiate
their functions. We first identified GGPPS as a directly target gene of Egr-1,
which can positively feedback to increase Egr-1 accumulation during
chronic stress stimulation through enhance Ras prenylation and membrane
association (Am J Path, 2011a, 2011b; J Biol Chem 2011; EMBO J, 2011).
The prenylation including two type modifications of protein: farnesylation

and geranylgeranylation. Our hypothesis is that the balance of protein
farnesylation and geranylgeranylation or FPP and GGPP inside the cell is
critical to cell homeostasis by affecting signal transduction and protein
functions. Thus, we have constructed GGPPS Floxed mice and conditionally
deleted GGPPS gene in different tissues to examine its functions on cell
homeostasis and its involvements in human diseases. We found that GGPPS
regulated protein prenylation balance is involved in Mumps infection
infertility (J Exp Med, 2013); hypertrophy and heart failure (J Path, 2015a);
insulin granule docked pool formation (J Path, 2015b); lipid-induced muscle
insulin resistance (J Biol Chem, 2015)

1, Oocyte GGPP regulates the ovarian primary-secondary follicle transition through Rac1/Stat3 activated Gdf9 transcription

Female patients with metabolic syndrome are usually susceptible
to reproductive dysfunction due to abnormal metabolites, but the
underlying mechanisms are not fully understood. Here, we report that
oocyte geranylgeranyl diphosphate (GGPP), a metabolic intermediate of
the mevalonate pathway, is crucial for ovarian primary-secondary follicle
transition and female fertility by modulating protein post-translational
modification of protein lipidation. When we specifically deleted
GGPP in mouse oocytes, the primary-secondary follicle transition was
blocked, whereas the formation and activation of primordial follicles
were unaffected. This blockade was achieved through the inhibition of
granulosa cell proliferation and could be reversed by the administration
of GGPP in vivo. Further examination revealed that the expression of
the oocyte-secreted factor Gdf9, which can promote the proliferation
of granulosa cells, was largely reduced by oocyte GGPP depletion.
Mechanistically, decreased GGPP blocked Rac1 geranylgeranylation
and its GTPase activity, which in turn inhibited the nuclear translocation
of Stat3 and its transcriptional activation of Gdf9. Our study provides
the first evidence of GGPP-regulated protein geranylgeranylation
involving in regulating ovarian primary-secondary follicle transition
and establishes a novel connection between intermediate metabolites,
ovarian follicular development and female fertility. (Chen JIANG et al.,
manuscript submitting)
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Figure 1, the working model for the regulation of primary-secondary follicle
transition by protein prenylation in oocyte.
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2, Protein Prenylation and heart development during mid-gestation in mice

Well-organized cardiomyocytes are important for heart to adapt to the
increasing ventricular diastolic function during mid-gestation, which is
regulated by protein prenylation as we reported here. Expression level,
of geranylgeranyl pyrophosphate synthase (GGPPS), which regulates the
balance of protein prenylation, was increased in embryonic heart at mid-
gestation. When we deleted GGPPS in cardiomyocytes, mice embryos
died around E13.0 associated with disorganization of cardiomyocyte.
Meanwhile, cell adhesion was disrupted in GGPPS mutant heart which
was evidenced by disassembly of cell junction complexes and disturbed
pattern of N-cadherin and B-catenin expression. Although the protein

prenylation in cardiomyocytes had been altered at E10.5, abnormal cell
adhesion junction just occurred after E11.5, suggesting that protein
prenylation was stage-dependent requirement for cardiomyocyte
adhesion junction. Moreover, GGPP treatment could partially rescued
abnormal cell junction in GGPPS mutant heart. These results implicated
that GGPPS mediated protein geranylgeranylation was critical for the
organization of cardiomyocytes in the developing ventricular wall by
controlling cell adhesion junction at mid-gestation. (Zhong CHEN et al.,
manuscript preparing)
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3, GGPPS regulated RhoA geranylgeranylation may involve in TGF-p promoted liver hepatic stellate cell activation and liver fibrosis

Hepatic fibrosis represents the consequences of a sustained wound
healing response to liver injury and the activation of quiescent hepatic
stellate cell (HSC) into a fibroblast-like myofibroblast phenotype is
considered as the key event in liver fibrosis. Advanced liver fibrosis
results in cirrhosis, liver failure, and portal hypertension and often
requires liver transplantation. Fortunately, hepatic fibrosis can be
reversible, which raised the possibility that many chronic liver diseases
could be cured. Here we found that GGPPS expression in HSCs was
predominantly increased in fibrotic liver of human patients and murine
models. Specific GGPPS knockdown in HSCs using VA-coupled liposome
carrying siRNA Ggpps inhibited alpha-smooth muscle actin (a-SMA)
synthesis and decreased liver fibrosis following carbon tetrachloride
(CCl4) challenge. Further examination indicated that GGPPS was up-
regulated in a TGF-B-dependent manner through a smad-independent
pathway. Moreover, suppression of GGPPS blocked TGF-B-induced HSC
activation, as indicated by reduced a-SMA expression, through inhibiting
RhoA geranylgeranylation. Our findings suggested that inhibiting
GGPPS regulated protein prenylation is able to block HSC promoted liver
fibrosis process, which may represent a potential target for anti-fibrosis
therapies. (Shan-Shan LAl et al., manuscript submitting)
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Figure 3 The working model of GGPPS regulated HSC activation and liver fibrosis.
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National University of Singapore. He then had postdoctoral training with Dr
Gabriel Corfas first at the Harvard Medical School/Boston Children’s Hospital
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the MARC of Nanjing University as Principal Investigator in 2016. His long
term research goal is to regenerate cochlear cells and synapses for hearing
restoration.
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Regeneration of Auditory Cells and Synapses for Hearing Restoration

In China, 27.8 million people suffer from disabling hearing loss and this
number increases by 300,000 every year. Sensorineural hearing loss (SNHL)
accounts for 90% of all hearing loss and in most cases it cannot be medically
or surgically treated. Mechanistically, SNHL results from damages to the
sensory hair cells that are essential for sound detection and/or the spiral
ganglion neurons (SGNs) that are required for transmitting the acoustic
signals to the brain. In addition, even with the presence of intact sensory
epithelia, hearing problems can also arise from irreversible loss of the
synaptic connections between hair cells and SGNs, an auditory pathology
termed as cochlear synaptopathy. Therefore, restoration of auditory
functions requires not only preservation or regeneration of the sensory hair
cells, neurons and non-sensory supporting cells, but also re-establishment
of the cochlear synaptic connections (Fig 1). Our lab aims to identify novel
molecular targets and pathways for regeneration of cochlear cells and
synapses and to explore therapeutic potentials of these targets for treatment
of sensorineural hearing loss.

1) Mechanisms and novel regulators of cochlear cell and synapse
regeneration

SNHL caused by loss of hair cells is associated with subsequent loss
and differentiation of the supporting cells to epithelial cells, resulting
in flat epithelia. Lack of supporting cells compromises the survival of
hair cells. Therefore, regeneration of the sensory hair cells and non-
sensory supporting cells are equally important to restore the structure
and function of cochlea. Our lab will explore strategies and mechanisms
to regenerate cochlear supporting cells and hair cells in the postnatal
cochlea, with particular focus on Notch, Fgf and Lin28-let7 signaling
pathways. Synaptic regeneration is a complex process that requires
de novo transcription and translation, signaling activations, structural
remodeling and functional coupling between pre- and post-synaptic
sites. We will also take both targeted and unbiased approaches to
identify and test novel regulatory signals for synaptic regeneration,
including neurotrophic factors and cold-shock proteins.
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Fig 1. In mammalian cochlea, sensory hair cells (IHC and OHC), neurons (SGN), supporting
cells and the auditory ribbon synapses are required for normal hearing, damage of these cells
and synapses results in deafness.

2) Identification and characterization of novel genes required for
auditory function

More than 50% of prelingual deafness is genetic, most often autosomal
recessive and nonsyndromic. Hearing impairment is genetically
heterogeneous that may be caused by mutations in more than 100
genes. Our lab aims to establish a research platform to identify novel
genes and mutations involved in auditory function and hearing loss. The
candidate mutant mice will be interrogated with auditory physiology
tests and inner ear histopathology analyses. These mutant mice and
the research based on them will provide novel insights into the genetic
caused and pathology of human deafness, and should point new ways
to therapeutic interventions.
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fellowship in the Department of Physiology of UT Southwestern Medical
Center at Dallas, and moved to Model Animal Research Institute of Nanjing
University as a professor of Genetics in 2004.
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mooth muscle is essential for maintaining homeostasis for many body

functions and provides adaptive responses to stresses imposed by
pathological disorders. Abnormal contractile properties of smooth muscles
have been implicated in several diseases, such as asthma, hypertension
and gut diseases. Zhu's lab focuses on the regulatory mechanism of smooth
muscle contraction and smooth muscle-related diseases. Smooth muscle
contractility is requlated by a network of signaling pathways centered on the
molecular motor myosin as well as membrane properties associated with
calcium handling and cell adhesion. Despite many years of extensive studies,
the regulatory mechanism of smooth muscle contraction is still controversial.
To understand of the signaling mechanism of smooth muscle contraction
and their functional importance in diseases, we developed a series of smooth
muscle-specific knockout mice by Cre/LoxP-mediated mutagenesis with
deletion of signal module genes, such as MLCK, zip kinase, MYPT1 and Myl-9.
Our observations suggest that Ca2+/CaM-dependent MLCK and its myosin
light chain phosphorylation were central to smooth muscle contraction, and
MLCK is required for gut motility, asthmatic constriction and blood pressure
maintenance. By use of MYPT1 knockout mice, we demonstrated MYPT1

deletion causes phenotypic transition of phasic and tonic smooth muscles,
and the myogenic alteration by MYPT1 deletion is enough for generation of
hypertension. With thorough analysis for two line of MYPT1 T694A and T852A
mutant mice, we find that MYPT1 T694 phosphorylation is essential for
sustained contraction of bladder smooth muscle, whereas MYPT T852 does
not (Fig.1). Our finding provide novel mechanistic insights into the specific
role of MYPT1 phosphorylation on physiological and pharmacological Ca2+
sensitization.

The polar overdominance inheritance of callipyge sheep is an unusual mode
of non-Mendelian inheritance. To investigate the mechanism underlying,
we established a mouse line with deletion of the microRNA (miR) 379/miR-
544 cluster and assessed the role of this cluster in the inheritance (Fig.2).
Our results showed that the maternally expressed miR-379/miR-544 cluster
might regulate skeletal muscle growth through the imprinted Delta-like 1
homolog (DIk1) gene. This report revealed a molecular mechanism of the
polar overdominance inheritance and the working model is shown in Fig.3.
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Fig1. Generation of Mypt1 knock-in mutant mice.

(A) Schematic representation of Mypt1 knock-in strategy of T694A (top)
and T852A (bottom). (B) Southern blot assay for positive ES clones with
homologous recombination. The extracted genomic DNA digested with BamHKX,
electrophoresed on a 1% agarose gel, transferred to nitrocellulose and probed with
32P-labelled 5" and 3’ probe as indicated in panel A. Wild-type allele generates a
18 kb fragment while targeted allele generates a 7.7 kb (T694A) or 12.5 kb (T852A)
fragment for 5" probe; 10.7 kb (T694A) or 7.7 kb (T852A) fragment for 3’ probe.
(C) Gross appearance of mutant embryos (E18.5). Top panel (left): 100% of T694A
heterozygous littermates are with severe omphalocele phenotype. Top panel
(right): magnification of area containing umbilicus from T694A and control pups.
The appearance of T852A homozygous was varied: the mice with severe (50%) and
moderate (7.1%) omphalocele and normal appearance (42.1%) were observed
as showed in the bottom panel. Arrows indicate omphalocele phenotypes. (D)
Sequencing for PCR products from c¢DNA isolated from T694A heterozygous
(T694A/+) mice, T852A homozygous (homo) mice and wild type (+/+) mice.
Correct mutations at T694 and T852 were showed. (E) Western blot assay showed
disappearance of MYPT1 phosphorylation at T694 site and T852 site in smooth
muscle tissues from Mypt1T694A/- mice and Mypt1T852A/T852A mice. Wt: wild
type; Hz: T852A heterozygous; Ho, T852A homozygous.
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Fig.2. Maternal deletion in mir-379-544 cluster result in neonatal fast muscle hypertrophy.

(A) General appearance of WT and M-KO mice at postnatal 10th day (P10) is presented. (B)
Measured body weight before weaning. (C) Measured fat deposition by PIXImus small animal
dual-energy X-ray absorptiometry system. (D) General appearance of gastrocnemius muscle
(GAST) from WT and M-KO mice at postnatal 10th day is presented. (E) Wet muscle weight
of WT and M-KO mice at P10 is shown. (F) Wet muscle weight of WT and P-KO mice at P10
is shown. (G) Wet muscle weight of WT and M-KO mice at P20 is shown. (H) H.E. staining of
GAST cross section from WT and M-KO mice at postnatal P10 is presented. (I) Cross area of
GAST muscle fibers from M-KO mice is significant larger than WT mice.
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Fig3. Model for polar overdominance at the callipyge locus.

CLPG mutation acts as a long-range control element and enhances the transcript levels of the
nearby imprinted genes in cis without altering their imprinted status. Thus the CLPGPAT/+
animals manifest an overexpression of DLK1 with normal expression of maternal non-coding
RNAs, underlying the callipyge phenotype. Whereas in the CLPG/CLPG animals, paternally
expressed DLK1 can be post-transcriptional trans inhibited by the maternally expressed
miRNAs, mir-329, enhanced in cis by the CLPG mutation. So the depressed DLK1 protein
cannot lead to muscle hypertrophy in CLPG/CLPG animals.
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Qing Jiang, Ph.D.

Qing Jiang received his MD degree in Nanjing Medical University in 1989 and
PhD degree in Beijing Medical University in 1999. In 2008, he was appointed
professor in Nanjing University and moved to Model Animal Research Center
(MARCQ) as Adjunct Professor for research on bone and joint disease. Qing
Jiang’s group has established human gene bank of bone and joint disease
including osteoarthritis (OA), developmental dysplasia of the hip (DDH), deep
venous thrombosis (DVT), ankylosing spondylitis (AS) and osteoporosis (OP).
He is also the youth committee member of Chinese Orthopaedic Association
(COA). Professor Jiang won the National Science Fund for Distinguished Young
Scholars in 2011. He is the Master's Supervisor of Nanjing Medicine University,
and the doctoral supervisor of Nanjing University.

Contact Information
Tel : +86-25-83107008
Fax: +86-25-83317016
Email: gingj@nju.edu.cn

1.Brief introduction of research interests

steoarthritis (OA) is by far the most common type of joint disease.

Epidemiological studies have shown that OA has a strong genetic
component, and several susceptibility genes for OA have been reported.
In 2011, a new OA susceptibility gene, HIF2a was reported by Japanese
researchers. They found the association between a SNP of HIF2a and
OA, and demonstrated the allelic functional differences of this SNP. But
the samples size of their case-control study was few. So we carried out
a meta-analysis on this association with different cohorts, and we found
there was no association between this “functional” SNP and OA (Table 1)
(Nakajima 2011). Our study also assessed the contribution of leptin gene
(LEP) polymorphism(s) to knee OA among Han Chinese, and indicated
that in normal weight and overweight Han Chinese, LEP polymorphisms,
sex and BMI were associated with knee OA. Age was an independent risk
factor for knee OA in the overweight population. Sex and BMI were risk
factors for knee OA in the obese population. Our findings reveal a new
paradigm for study of osteoarthritis etiology and athogenesis.

Deep vein thrombosis (DVT) remains to be major clinical problem
despite decades of research effort. We evaluated the effects of NO
microbubbles in an inferior vena cava (IVC) and left common iliac
vein (LCIV) ligation-induced rat DVT model. In our study, we have
demonstrated a clear effect of NO microbubbles on DVT resolution
(Fig 1). Both thrombus weight and thrombus size (thrombus weight/
thrombus length) significantly decreased in NO microbubbles group at
day 8, suggesting that NO microbubbles had accelerated the progression
of thrombolysis.

2.Research progress figures

Developmental dysplasia of the hip (DDH) is the most frequent
inborn deformity of the locomotor apparatus. Genetic factors play a
considerable role in pathogenesis of DDH. At current stage, we have
performed GWAS study of DDH. In a previous association study of DDH
in North Chinese population, we had detected associations between
DDH and single nucleotide polymorphisms (SNPs) in GDF5, TBX4, and
ASPN by case-control studies in Chinese Han population, and the
association between DDH and GDF5 was also found in Caucasians. Our
replication study indicated that the association between rs726252 and
DDH in Chinese Han population was debatable. The association between
PAPPA2 and DDH should be evaluated by additional studies (Shi 2014).

We also performed an arthroscopy 2 weeks after the patient’s injury.
Routine anterolateral and anteromedial portals were used. The
osteochondral avulsion fracture was attached to the PM bundle of the
PCL and the anterolateral (AL) bundle of the PCL was intact. There were
two parts to the avulsion fracture. We treated the larger avulsion with
polydioxanone suture (PDS) fixation as described below using a bone
bridge suture repair technique (Fig. 2).

The DNA bank for bone and joint disease we had established is still
enlarging. Now we have human DNA samples for OA, DDH, DVT,
ankylosing spondylitis (AS) and osteoporosis. The tissue bank for
cartilage and ligament has been established and enlarged.

Population Genotype Risk allele Test for allele frequency?
Case Control (C allele) frequency
cC CT T cc CT T Case Control Pvalue OR (95% CI)

Japanese 677 213 9 2,109 584 42 0.872 0.878 0.478 0.94 (0.80-1.11)
Chinese 657 51 1 613 32 2 0.963 0.972 0.163 0.74 (0.48-1.13)
European 557 16 0 562 11 0 0.986 0.990 0.333 0.68 (0.32-1.48)
Australian 257 1 0 513 2 0 0.998 0.998 0.999 1.00 (0.09-11.03)
Combined® 0.185 0.91 (0.78-1.05)

aPearson’s xz test. PMantel-Haenszel meta-analysis of all studies. OR, odds ratio; Cl, confidence interval.

Table 1. Association of rs17039192 with knee osteoarthritis.
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Fig. 1 NO microbubbles accelerated DVT resolution: Thrombi were isolated from IVC for fresh. (A) Thrombus weight (g) decreased significantly in NO microbubbles group compared with that in
control group at 2 and 8 days (B) Thrombus size(thrombus weight/thrombus length, g/cm) was more smaller after NO microbubbles treatment at day 8. *Pb0.05 versus control..

Fig. 2 A-H Sketches of the surgical
technique and the arthroscopy
photographs show the fixation
technique of the avulsion part 1
through drill holes with the use of an
epidural cannula and PDSs. (A) The
hole was drilled with a 2-mm Kirschner
wire (K-wire) toward the medial
epicondyle. (B) The 2-mm K-wire then
was exchanged for a 1-mm K-wire. (C)
A straightened epidural cannula was
passed through the 1-mm K-wire into
the joint and the 1.0-mm K-wire was
removed. (D) A double-stranded looped
PDS was inserted into the joint through
the epidural cannula. (E) Another
doublestranded looped PDS was
inserted into the joint. (F) The second
PDS loop was pulled through the first
PDS loop out of the anteromedial
portal with a probe. (G) The first PDS
was pulled out of the medial skin and
the second PDS was left for fixation. (H)
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Geng Liu, Ph.D.

Geng Liu received his B.S. degree in Biochemistry from Wuhan University,
China and his Ph.D. degree in Gene & Development from University of Texas
Graduate School of Biomedical Sciences at Houston in 1999. He continued
his postdoctoral training at University of Texas M.D. Anderson Cancer
Center under the guidance of Dr. Gigi Lozano where he studied the tumor
suppression mechanism of p53 in vivo using genetically engineered mouse
models. Dr. Geng Liu joined the Model Animal Research Center of Nanjing
University as Principal Investigator and Professor of Genetics in 2006.
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Tel : +86-25-58641515 (Office)
Fax: +86-25-58641500

Email: liugeng@nicemice.cn

+86-25-58641519 (Lab)

Tumor suppression and mouse tumor models

mprovements on both early detection and therapeutic strategies of
cancer remain as a huge challenge for cancer researchers and require
a thorough understanding of the complex tumorigenic processes
involving both the tumor and host tissues, and the intricate interplays
of oncogenic and tumor suppression signaling pathways. Better animal
models should help to elucidate the key steps and dynamic changes

1. p53 regulatory mechanisms and cell fate control

during tumorigenesis, pinpoint the underlying mechanistic bases and
find important therapeutic clues and opportunities that can be applied
to human. With genetic mouse models as a tool, our laboratory aims
to uncover the critical functional and regulatory mechanisms of tumor
suppression pathways in vivo in the hope of providing more useful
strategy and targets for cancer therapy.

p53 is extremely important for stress response and tumor suppression
as exemplified by its mutations found in over 50% of human cancers.
The knowledge of its functions and associated regulatory mechanisms is
invaluable in our understanding of malignant transformation far beyond
the molecule itself. Our past and present work mainly focused on the
regulation and functionality of p53 signaling pathway using a variety
of in vivo mouse models. p53 protein is undetectable in normal tissues.
With the newly established BAC transgenic p53 reporter mice, we
revealed a previously unrecognized expression pattern of endogenous
p53 in the proliferating compartments during mouse development,
postnatal growth, tissue homeostasis, regeneration and tumorigenesis
(Chen, et al., 2015). Further, we provided evidence suggesting that this
distinct expression pattern is governed by proliferative signals acting on
the cis-elements in both the p53 promoter and 3’ UTR. Importantly, p53
protein is selectively activated in the proliferating cells and tissues upon
stress, highlighting the close monitoring of cellular proliferation state by
p53 (Figure 1).

In the present of stress, p53 is activated to exert its role in influencing
the cell fate. Various degree of stresses result in different level of p53
activation. Instead of directing the classic pathways of cell cycle arrest,
senescence or apoptosis, we demonstrated that low dose X-ray induced
mild p53 activation affected the EMT process during valvuloseptal
morphogenesis of mouse cardiac development and resulted in
congenital heart defects in mice (Zhang, et al., 2012). Our more
recent study found that mild p53 activation in cells renders them less
competitive in a heterotypic setting when neighbored by wild type cells.
These results suggest that mild p53 activation also critically influence
cell behaviors and functions in distinctive manners.
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Figure 1. A direct link between cellular proliferation and p53 mediated stress
response.

(a) Immunohistochemistry of p53 in small intestine, cerebellum and tongue of p7
and 2 month-old C57BL/6J control mice or mice treated with X-irradiation for 4
hours. Arrows depicted positive stained cells. Scale bar=200pm.

(b) Double immunostaining of p53 and BrdU in intestine and testis of 2 month-old
C57BL/6J mice treated with X-irridiation for 4 hours.

(c) Western blot analysis of p53 and p21 expression on quiescent and proliferating
3T3 cells treated with Doxorubicin.

(d) Western blot analysis of p53 and p21 expression on quiescent and proliferating
MEFs treated with Cisplatin.

-36-



2. Tumor microenvironment and metabolic reprogramming

Cancer and Stem Cell Biology

Tumor microenvironment has been increasingly recognized to play
critical roles in tumor progression, maintenance and metastasis.
Chronic inflammation is one of the major players mediating the tumor
promoting effects of the microenvironment. In probing the role of
p53 in myeloid lineage in spontaneous tumor models, we found that
p53 deficiency in myeloid lineage accelerated adenoma formation in
Apc™ mice while p53 activation suppressed adenoma growth and
colitis-associated tumor invasion. Interestingly, p53 suppressed the
pro-inflammatory cytokine expression as well as M2 polarization in
macrophages, both serving as targets of cancer therapy (He, et al., 2015).
These and other evidence support a crucial role of tumor suppressors in
modulating the tumor microenvironment, which in turn have impacts
on tumorigenesis (Figure 2).

We recently developed an interest in generating novel mouse models
to study cancer metabolism. Being a core hallmark of cancer, cancer
metabolic reprogramming is crucial for the growth, survival and drug
resistance of tumor cells. A deeper understanding of the plasticity and
interplay of cancer metabolic pathways may help to unveil the “Achilles’
Heel” of cancer for successful therapies. Several novel mouse models
aiming to address the links of cellular metabolic pathways and redox
state with cancer are currently being characterized.
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Figure 2. p53 activities critically modulate tumor microenvironment and
in turn, impact on tumorigenesis.
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Jiang-huai Liu received his Ph.D. degree in Biochemistry from Boston University
School of Medicine in 2005. Upon completion of his postdoctoral fellowship at
University of Pennsylvania in 2009, he joined MARC as a principle investigator
and professor of genetics.
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he innate immune system provides immediate defense against pathogens and helps to shape the ensuing adaptive immune responses. On the other hand,

the deficiency, or more frequently, the mal-functioning of the immune system contributes to a plethora of disease states. We seek to gain more insights
regarding the regulation of the innate immune system and to explore the possibility of normalizing the dys-functional immune responses in disease models.
Ultimately, we hope that our bench discoveries can in some way impact management of human diseases.

1. The metabolic ‘division’ of innate immunity

We have been interested in studying anti-viral innate immunity, which
is mediated by signaling of viral nucleic acids and the ensuring type
| interferons (IFN). However, how these upstream signaling events may
engage shifts in the cells’ metabolic state to support the complex anti-viral
programs has not been extensively investigated (Fig. 1A). We find that viral
infection, by way of IFN, leads to up-regulation of glycolysis preferentially
in macrophages (Fig. 1B, C). The latter metabolic effect involves increased
expression of glycolytic activator phospho-fructose 2 kinase/fructose 2,6
bisphosphatase 3 (PFKFB3) (Fig. 1D, E). PFKFB3-driven glycolysis promotes
the extrinsic anti-viral capacity of macrophages via enhancing their
engulfment of virus-infected cells (Fig. 1F). Consistent with the data using
cultured cells, in a mouse model of respiratory syncytial virus infection,
PFKFB3 contributes to reducing the viral load (Fig. 1G). Therefore, our
data demonstrate a previously overlooked, anti-viral aspect of glycolytic
metabolism and suggest that glycolytic activation may indeed represent a
novel therapeutic venue against viral infections.

In the meantime, we are also interested in examining the role of cellular
metabolism in regulating the behavior of myeloid cells in other disease
states such as obesity and cancer.
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Figure 1: Metabolic aspect of anti-viral innate immune activation.

(A) RLR-mediated regulation of cellular energy metabolism was unknown. (B) VSV infection
leads to increased glycolysis in macrophages (Mph), but not MEFs. (C) Type | IFN is essential
for VSV-mediated glycolytic regulation in Mph. (D) Induction of glycolytic genes by IFN,
preferentially in Mph. (E) Mph-preferential induction of PFKFB3 by IFN in vivo. (F) PFKFB3
promotes cell-extrinsic anti-viral activity of Mph. (G) PFKFB3 protects mice from RSV infection.

2. Transcriptional ‘re-wiring’ of inflammation

Innate immune activation triggers robust transcriptional activation of
pro-inflammatory cytokines. From a synthetic biology point of view, the
transcriptional regulatory information for various cytokine genes can be
used to classify the inflammatory responses. Artificial transcriptional circuits
can subsequently be designed to specifically re-wire’ a given inflammatory
condition.

Transcriptional regulation is mediated by transcription factors and their

cis-regulatory elements. However, functional annotation of cis-regulatory
elements at genomic loci was still technically challenging. In collaboration
with Dr. Xing-xu Huang previously at MARC, we recently established a
CRISPR-based, highly effective and non-mutational method to specifically
interrogate cis-element function in human cells (Fig. 2). Furthermore,
we hope to extend such cutting-edge technology to develop toolkits to
purposefully ‘rewire inflammation’
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Figure 2: Functional annotation of cis-regulatory elements in human cells.

(A) sgRNA-guided nuclease-deficient Cas9 protein (dCas9) can physically block TF recruitment to a cis-regulatory element. (B) dCas9/sgRNA mediated functional analysis of cis-elements in [FNB1
promoter. (C) Specificity of dCas9/sgRNA-mediated cis-element targeting is similar to the specificity of Cas9-mediated indel induction. (D) dCas9/sgRNA can be used to target an enhancer-born

cis-regulatory element.
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Jinzhong Qin received his Ph.D. from Cleveland State University (Ohio, USA) in 2004
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immune signaling pathways. From 2005 to 2008, Jinzhong did his postdoctoral
fellowship at the Massachusetts General Hospital Cancer Center, Harvard Medical
School in Boston, USA, and he was promoted to Assistant in Genetics within the same
institution in 2008. Using murine genetics, he described an essential role of L3mbt|2-
containing atypical Polycomb Repressive Complex 1 (PRC1) in embryonic stem cells
(ESCs) proliferation and early embryonic development. He joined the Faculty of Model
Animal Research Center (MARC), Nanjing University in 2013. He is now a Professor of
genetics and developmental biology and a Principal Investigator in MARC.

Contact Information
Tel: +86-25-58641504
Email: ginjz@nicemice.cn

Roles of the polycomb group proteins in stem cells & early development

luripotent stem cells are capable of differentiating into any cell type

in the body and therefore hold tremendous promise for the future
of regenerative medicine. However, a detailed understanding of the
underlying molecular mechanisms that regulate the pluripotent state
is still elusive. Our previous studies demonstrated that L3mbtl2, an
mbt family member, is critical for early embryo development as well
as pluripotency maintenance in embryonic stem (ES) cells. Deletion
of L3mbtlI2 results in embryonic lethality with failure of gastrulation
and accordingly this correlates with compromised proliferation and
abnormal differentiation of L3mbtl2-deficient ES cells. In ESCs, L3mbtl2
establishes an atypical PRC1 complex that includes Oct4, G9A and
several components of the E2F6 and NuRD repressor complexes.
Accordingly, the majority of genes bound and repressed by L3mbtl2 in
ESCs are not occupied by canonical PRC1T and PRC2, although a small set
of lineage commitment genes are co-occupied by all three complexes.

The central goal of our group is to comprehensively establish the
role of L3mbtl2-containing atypical PRCT in stem cells, embryonic

A
ZF:C2C2
L3mbtL2

B8 546 570573 577
Wildtype 541 KLEAVDLMEPRLICVATVKRVVHRLLSIHFDGWDNEYDQW 580
Cage mutant KLEAVALMEPRLICVATVKRVVHRLLSTHADGADNEADQW

_QG’
&
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Figure 1. Mutant with four point mutations in the aromatic cage rescued similar to wild-type L3mbti2. A. lllustration of
L3mbti2 domain erganization. B. L3mbti2 aromatic cage mutant. C. Aromatic cage mutant kept the ability to rescue
colony growth. D. Western blot analysis confirmed protein expression of the mutant. E. The mutant was able to silence
target gene expression

development, and cancer and to characterize its function at a molecular,
mechanistic level. The success of our study will not only contribute to
uncovering novel and essential molecular mechanism for governing
stem cell pluripotency but also provide basic knowledge that in the long
term is required for realizing the therapeutic potential of stem cells. Our
ongoing studies address the following specific aims:

1. Elucidate the precise molecular mechanisms of L3mbtl2-mediated
transcriptional repressive complex. We have generated different L3mbtl2
mutants (see figures below) and we are currently investigating the role
of posttranslational modifications such as SUMOylation in L3mbtl2-
mediated maintenance of self-renewal of ES cells.

2. Defines the roles of other components of L3mbtl2-containing
repressive complex in ESC self-renewal by genetic approaches.

3. Identify functions of L3mbtl2-mediated complex in cancer and other
diseases.

K215 K133 Ksa1

ZF:.C2C2 + K673 K98

B8 L3mbtL2

SUMDylation consensus WKXE
K215: VMKGMKVEVLN
K433: FEEGMKLEAID
K541: FKVGMKLEAVD
K673: TIAVCVKEEHQD
K698: PIESIKQERNN

Mutations will be made

VMKGMRVEVLN (K215R)
FEEGMRLEAID (K433R)
FKVGMRLEAVD (K541R)
TAVCVREEHQD (K673R)
PIESIRQERNN (k698R)

Mutations have been tested

VMKGAAAAVLN (K215-4A)
FEEGAAAAATD (K433-4A)
FKVGAAAAAVD (KS41-4A)
TAVCAAAAHQD (K673-4A)
PTESAAAARNN (k698-4A)

TEX19.1

TCamt

Figure 2. Crosstalk between summoylation and L3mbti2 in ES cells. A. Cartoon depicting zinc finger and MBT domains
in L3mbti2 (including five consensus SUMOylation sites). B. Generation of L3mbti2 putative summoylation mutants. C.
Ability of these mutants in colony growth rescue. D. Western blot analysis confirmed protein expression of these
mutants. E. Northern biot analysis demonstrated the potential of these mutants in target gene expression.
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Pingping Shen, Ph.D.

Pingping Shen received her PhD degree at Nanjing University in 2000. From
2002 to 2003, she studied at University of California at San Diego as a visiting
scholar. In 2004, she was appointed as a professor in Nanjing University and
moved to Model Animal Research Center (MARC) as Adjunct Professor for
research on inflammation and related diseases. Research in Pingping Shen's
Lab is mainly focused on two fields: regulation of macrophage functions in
inflammation and development of new clinical immunoassay techniques.

Contact Information

Tel : +86-25-89686635 (Office) +86-25-89682995 (Lab)
Fax: +86-25-89684060

Email: ppshen@nju.edu.cn

e are studying the functional regulation of tumor-associated

macrophages (TAMs) because of their central roles in the
development and progression of cancer. A major focus of our group has
been to explore the possible mechanisms that control differentiation,
polarization and immunological actions of TAMs. With this as our
goal, we are currently studying the effects of certain molecules and
underlying molecular pathways such as PPARy signaling, metabolic
reprogramming mediated by MAE’s action (Fig1) etc. By employing

various cellular and molecular methods combining with proteomics,
metabolomics and knock-out/knock-in techniques, we have identified
certain key nodes such as MAE in TAMs that are related with tumor-
promoting inflammation. Consequently, the phenotypes of TAMs are
altered by blocking the MAE activity. In collaboration with Nanjing Gulou
Hospital, we have been developing the platform to modify the surface
proteins of TAMs for future clinical application, as well as building up
MSC therapeutic in leukemia treatment (Fig 2).
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differentiation by inactivating MAE
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B. tPPARYy translocates into the
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C. tPPARy causes a metabolic
reprogramming in TAMs.
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Fig2. The efficacy of MSCs in the treatment of acute monocytic leukemia

A. MSCs could induce apoptosis of leukemia cells.

B-D. TRAIL was up-regulated in MSCs after co-culture with leukemia cells and pre-activated MSCs.

E. MSCs induced apoptosis of leukemia cells by TRAIL;

F. The efficacy of MSCs transplantation in treatment of leukemia, in vivo;
G. MSCs could induce apoptosis of human AML-M5 leukemia cells;
H. Percentage of apoptotic AML-M5 leukemia cells from experiment as in (G).

Nonresolving chronic inflammation

Nonresolving inflammation is a major driver of many diseases.
Macrophages are now regarded as prominent players in metabolic
disorder and associated nonresolving inflammation. We are investigating
how macrophages interact with adipocytes to determine the phenotype
of macrophages, and how macrophages further produce key regulators
to modify extracellular microenvironment, and how these changes
might play a critical role in aberrant progression of inflammation and

Clinical diagnostic techniques

further tumorigenesis. We are especially focused on the non-genetic
actions of PPARy which may lead to resolution of systemic inflammation.
We have identified the novel phosphorylation code of PPARy and
explored related pathological role in metaflammation. We are also
screening the sets of drugs and have caught several natural products
acting as modulators or ligands of PPARy displaying inflammatory
resolving activities.

We are collaborating with clinical colleagues to develop the novel
methods for analyzing genes and molecules which are associated with
human disease, particularly cancer. We have finished setting up a new,
sensitive approach for nucleic acids, which is to be used to detect DNA
or RNA with no need for amplification, hence, revealing the actual
number of live viruses. We have succeeded in detecting specimens from
HPV (Human Papillomavirus) infected skin and mucous membrane.

Additionally, we are interested in antigen modification and antibody
production and have produced polyclonal and monoclonal antibodies
against HPV E6/E7 recombinant protein etc. Currently, we have been
trying to integrating nanomaterial, like structural modified magnetic
beads, quantum dots with the test system, in order to improve the
detection properties and further meet the needs of clinical diagnosis.
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Jun Yan, Ph.D.

Jun received his Bachelor in Genetics at Fudan University in Shanghai in
1997 and his Ph.D. degree in Cell Biology at Institute of Biochemistry and Cell
Biology, Shanghai Institutes for Life Sciences, Chinese Academy of Sciences
in 2003. Afterwards, he pursued his postdoctoral training at Baylor College of
Medicine in Houston and in 2008 moved to Columbia University in New York
as Associate Research Scientist. In late 2009, Jun joined the Model Animal
Research Center of Nanjing University as Associate Professor and Principal
Investigator.

Contact Information

Tel : +86-25-58641535 (Office)
Fax: +86-25-58641500

Email: yanjun@nicemice.cn

+86-25-58641542 (Lab)

ancer heterogeneity refers to the existence of subpopulations of
Ccells with distinct genotypes and phenotypes, which is a widely
accepted phenomenon in solid tumors. Clonal evolutionary model
of carcinogenesis, which was first put forward by Nowell in 1976 and
elaborated by Darwinian models of natural selection, explains cancer
heterogeneity which permitting the tumor as a whole to adapt to a
fluctuating microenvironment. This also can explain for drug resistance
and metastasis, which are the reasons for the increase of the mortality rate.
At molecular level, carcinogenesis is a multiple-step process intertwined
with genetic and epigenetic alterations, which have been dissected by

Recent progresses in the lab:

whole-genome sequencing. Notably, besides frequent altered genes,
such as TP53, there exists a group of highly frequent deregulated genes,
involved in epigenetic modifications. They include histone modifiers and
noncoding RNAs. To understand their cellular functions and the networks
regulated by them, will provide us a real picture of cancer development.
Of particular interest, identification of these molecular alterations may
give us novel diagnostic biomarkers and potential therapeutic targets
in near future. Our lab is interested in the elucidation of the molecular
mechanisms underlying cancer recurrence and metastasis, especially the
epigenetic alterations involved in these processes.

As a small population in solid tumor, cancer stem cells (CSCs) are
resistant to conventional chemotherapeutic agents. We are focusing
on identification of key regulators involved in maintenance of cancer cell
stemness and potnetial therapeutic agents.

A) Tumor microenvironment play an essential role in promoting tumor
progression. Hypoxic condition inside tumor can enhance cancer cell
stemness. Hypoxia inducible factor 1a (HIF1a) is one of the major
transcription factor induced under hypoxia and essential for CSC
maintenance. We and collaborators found that in prostate cancer
cells hypoxia induces miR-182, which eventually reduces PHD2 and
enhances HIF1a function. This functions as a vicious cycle for prostate
cancer progression (Li L, et al. Sci Rep 2015). Moreover, we are the first
to identify that an oncogene SRC-3 in bladder cancer directly interacts
and coactivates hypoxia-inducible factor 1a (HIF1a), eventually
inducing Warburg effect in bladder cancer cells. Our data indicate that
blocking of glycolytic pathway can inhibit the tumorigenecity of SRC-3
overexpressing bladder cancer cells (Zhao W, et al. J Biol Chem. 2014).

B) Inflammatory microenvironment is frequently detected in tumor
regions. We successfully isolated cancer-associated fibroblasts (CAFs)
from human bladder specimens. Co-culture of CAFs and bladder cancer
cells strikingly induces epithelial-to-mesenchymal transition (EMT) and
invasion of cancer cells, but normal fibroblast cannot (Zhuang J, et al. Sci
Rep 2015). With ELISA, gRT-PCR and PCR array, we identified that TGF31
signaling induces IncRNA-ZEB2NAT, which co-operates with ZEB2 to
induce an EMT program (Fig. 1).

() Since CSCs account for tumor recurrence and metastasis, we proposed
that targeting CSCs will be an efficient approach to prevent recurrence.
We screened out several small molecular inhibitors and found

6-Tricotrienol and honokiol target several signaling involved in cancer
cell stemness, such as STAT3 and EZH2/miR-143 axis (Ye C, et al. PLoS
One; Zhang Q, et al. Oncotarget 2015).

D) Based on recent exome sequencing data, we identified a group
of epigenetic modifiers involved in carcinogenesis, especially in the
maintenance of cancer cell stemness. We are striving to establish and
characterize these novel mouse cancer models, which recapitulat human
cancer development (Fig. 2). These mouse models will provide excellent
platforms for pre-clinical study in near future.
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Fig 1. Graphic illustration of CAFs induces EMT of human bladder cancer cells on the boundary
of epithelial and stromal compartments. CAFs secreted TGFB1 to induces IncRNA-ZEB2NAT
and ZEB2, leading to EMT reprograming and cancer cell invasion.
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Guiquan Chen, Ph.D.

Guiguan obtained his PhD in Neuroscience at the University of Edinburgh in
Scotland in 2005 and then conducted his postdoctoral research at Harvard
Medical School in Boston. He joined the MARC of Nanjing University as a
Principle Investigator in December of 2011. His long-term research goal is
to understand molecular mechanisms by which the y—secretase complex
regulates neuronal survival and/or death. His lab uses a combination of mouse
genetics, molecular biology, cellular and behavioral neuroscience techniques
to address this question. Elucidation of molecular mechanisms for age-
related neurodegeneration may help identify novel therapeutic targets for the
prevention and the treatment of neurodegenerative diseases.

Contact Information
Tel: +86-25-58641541
Fax: +86-25-58641500
Email: chengg@nicemice.cn

Molecular and cellular mechanisms for neurodegenerative disease

Izheimer’s disease (AD) is the most common form of dementia. It

is well-documented that Alzheimer’s brain displays abnormal tau
phosphorylation and altered activities of protein kinases. A number of
recent studies have shown that two key players in the insulin signaling
pathway, e.g. Akt and its upstream kinases, are down-regulated in AD.
However, the roles of the insulin signaling in tau phosphorylation and
neurodegeneration are poorly understood. Previous evidence has
indicated that deletion of Akt three isoforms causes early embryonic
lethality in mice. To investigate whether dysfunction of Akt affects tau
phosphorylation and neuron survival, Cre-loxP technology was employed
to generate a viable Akt three isoforms conditional knockout (Akt cTKO)
mouse model in which total Akt levels were dramatically reduced in the
adult brain.

Western blotting data showed significantly increased levels of p-tauT205,
p-tauT231 and p-tauS396 in the cortex of Akt cTKO (Fig. 1A). IHC results
were consistent with biochemical data, as evidenced by increased
p-tauT205 immuno-reactivity in the brain of Akt cTKO (Fig. 1B:a-p).

To dissect molecular mechanisms, GSK3a/B was examined. Levels for
p-GSK3aY279 but not p-GSK3BY216 were increased in Akt cTKO mice (Fig.
2A). In contrast, levels for p25, p-Erk1/2 and p-p38 were not increased (Fig.
2B-2D). Since the tyrosine phosphorylation of GSK3 requires the cAMP-
PKA signaling, PKA was examined. The activity of PKA seemed enhanced
(Figure 3. A: Levels of p-PKA substrates were increased in Akt cTKOs. B:
Levels of p-VASP were increased. C: Levels of p-tauS214 and p-tauS356
were increased.).

TUNEL assay was performed to examine apoptotic neuronal death, but
no difference in the total number of TUNEL+ cells was observed in Akt
CTKO mice (Fig. 4A). Moreover, IHC analyses showed comparable immuno-
reactivity of NeuN, GFAP and Iba1 in the brain of control and mutant mice
(Fig. 4B-4C), suggesting no neurodegeneration in Akt cTKO mice. Currently,
a big effort has been made to investigate whether neuron loss observed
in various types of neurodegenerative mouse models could be prevented
using both pharmacological and genetic manipulations.
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Figure 1. Tau hyperphosphorylation in Akt cTKO mice.
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Figure 2. Increased levels of p-GSK3a but not p-GSK3, p-Erk1/2 or p-p38 in Akt cTKO mice.
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Figure 4. Neither apoptosis nor neuroinflammation was observed in Akt cTKO mice.
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Huiming Gao , Ph.D.

Huiming Gao received her M.D. in 1993 and Ph.D. in 2003 from Dalian
Medial University. Her Ph.D. thesis was carried out at the National Institute of
Environmental Health Sciences (NIEHS)/ National Institutes of Health (NIH) in
the USA. After her postdoctoral training at University of Pennsylvania School of
Medicine and NIEHS/NIH, Dr. Gao joined the Faculty of Model Animal Research
Center (MARC), Nanjing University in 2013. She is now a professor and a
principle investigator in MARC.

Contact Information
Tel : +86-25-58641563 (Office)
Fax: +86-25-58641500
Email: gaohm@nicemice.cn; gaohm@nju.edu.cn

+86-25-58641561 (Lab)

Neuroinflammation, neurodevelopment, and neurodegeneration

Neuroinflammation is a self-defensive attempt by the brain to
remove harmful stimuli and to initiate the healing process. The
neuroinflammatory response must be tightly regulated and actively
terminated to prevent unnecessary tissue destruction. Persistent
injurious stimuli (e.g., toxins, pathogens, and autoimmunogens) and
failed resolution of acute neuroinflammation can flip a protective
immune response to chronic destruction to brain tissues.

Chronic neuroinflammation contributes to the pathogenesis of both
neurodevelopmental diseases such as Autism in early childhood and
age-related neurodegenerative diseases such as Alzheimer's disease
(AD) and Parkinson’s disease (PD). Autism is characterized by social
deficits, communication difficulties, repetitive/restricted/stereotyped
behaviors and interests, and language impairment. Chronic, irreversible
degeneration of brain neurons causes progressive memory loss in AD
and movement impairment (e.g. tremor and rigidity) in PD. There is
no cure for these devastating diseases. Importantly, what drives the
decades-long progression of these diseases remains unknown. The
goal of our research is to investigate a potential driving role for chronic
neuroinflammation in progressive neuronal impairment in Autism and
neurodegenerative diseases, to identify new therapeutic targets, and to
develop novel anti-inflammatory and neuroprotective therapeutics for
these diseases.

Endotoxin tolerance (ET) is a reduced responsiveness of innate immune
cells like macrophages/monocytes to an endotoxin challenge following
a previous encounter with the endotoxin. Although ET in peripheral

systems has been well studied, little is known about ET in the brain. We
recently identified a distinct non-cell autonomous mechanisms in ET
formation in brain immune cells, microglia. Specifically, neurons and
astroglia were indispensable for microglial ET (Figure 1). Macrophage
colony-stimulating factor (M-CSF) secreted from these non-immune
cells was essential for governing microglial ET. Neutralization of M-CSF
deprived the neuron-glial conditioned medium (NGCM) of its ability
to enable microglia to form ET when microglia encountered repeated
lipopolysaccharide (LPS) treatments. Recombinant M-CSF protein
rendered enriched microglia refractory to the repeated LPS treatment
(Figure 2). Activation of microglial M-CSF receptor (M-CSFR) and the
downstream ERK1/2 signal was responsible for M-CSF-mediated
microglial ET. Endotoxin-tolerant microglia in neuron-glial cultures
displayed M2-like polarized phenotypes, as shown by upregulation of
M2 marker Arg-1, elevated production of anti-inflammatory cytokine
interleukin 10, and decreased secretion of pro-inflammatory mediators
(tumor necrosis factor a, nitric oxide, prostaglandin E2 and interleukin
1B). Endotoxin-tolerant microglia protected neurons against LPS-
elicited inflammatory insults, as shown by reduced neuronal damages
in LPS pre-treatment group compared with the group without LPS pre-
treatment. Thus, this study demonstrated that neurons and astroglia
govern microglial ET through M-CSF—MCSFR—Erk1/1 signals,
identifying a distinct non-cell autonomous regulation of microglial ET.
Loss of microglial ET could be an important pathogenetic mechanism of
inflammation-associated neuronal damages.

15 LPS

LPS tolarizing dose (ng/ml)

Figure 1. Neurons and astroglia are required for microglial endotoxin tolerance.
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(A) Different from macrophages, enriched microglia failed to form endotoxin tolerance upon repeated LPS treatments. Pre-treated with LPS for 6 hours, brain microglia and peritoneal
macrophages were washed and incubated with fresh medium for 6 hours followed by incubation with 15 ng/ml LPS. Six hours later, TNF-a in the culture supernatant was detected by
ELISA assay. (B, C) Treatment of neuron-enriched (B), neuron-microglia (B), astroglia-enriched (C), and astroglia-microglia (C) cultures with 15 ng/ml LPS once or twice and measurement
of TNF-a secretion were performed as described in (A). *, p<0.05, compared with corresponding vehicle-treated controls. #, p<0.05, compared with corresponding LPS-treated cultures.
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Figure 2. M-CSF secreted by neurons and astroglia governs microglial endotoxin tolerance.

(A) The neuron-glial conditioned medium (NGCM) enabled enriched microglia to form ET. After pre-incubation with anti-M-CSF neutralizing antibody for 12 hours, NGCM failed to affect
microglial ET. ¥, p<0.05, compared with corresponding LPS-treated cultures without LPS pre-treatment. #, p<0.05, compared with LPS/LPS-treated cultures with anti-lgG antibody treatment
group. (B) Recombinant M-CSF protein (500pg/ml) rendered enriched microglia refractory to the repeated LPS treatment. *, p<0.05, compared with corresponding vehicle-treated control

cultures. #, p<0.05, compared with corresponding LPS-treated cultures. (C) Activation of microglial ERK1/2 signal was responsible for M-CSF-mediated microglial ET.
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Figure 3. Endotoxin-tolerant
microglia displayed M2-like
polarized phenotypes and were
neuroprotective.
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Yun Shi received his Ph.D degree in Georgia State University under the
mentoring of Dr. Chun Jiang at Atlanta, USA in 2007. He then had postdoctoral
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The Fundamental Mechanisms of Neural Plasticity

he central neural system (CNS) is a complex network, in which

the appropriate functions depend on the information exchange
among neurons through a specified structure named synapse.
The neurotransmitters released from presynaptic neurons bind to
postsynaptic receptors, enhancing or inhibiting postsynaptic activity.
Meanwhile, postsynaptic neurons also release certain regulatory
information and modulate presynaptic activity, allowing the feedback
to occur. Many of high neuronal functions result from the changes
of neurotransmission, or so called plasticity. Dysfunction of synaptic
plasticity is one of the major causes of neurodegeneration diseases.
Therefore, studying the synaptic transmission not only help unreal
human high neural functions but also improve our understanding on
the mechanisms of neural diseases and provide cues for cure.

Glutamate is the major excitatory neurotransmitter in CNS. Two groups
of glutamate receptors are located on the post-synaptic membrane, i.e.,
ionotropic and metabotropic glutamate receptors. lonotropic receptors
include AMPA, NMDA and Kainate receptors; each are composed of
different subunits. The normal function of excitatory synapses and the
generation of neural plasticity are determined by the composition and
expression level of postsynaptic glutamate receptors. However, how
the receptors correctly traffic to post-synaptic membrane and how the
expression level is appropriately regulated remain unclear.

Hippocampus is a relative simple structure in brain, which is believed to
play an essential role in learning and memory. The CA3-CA1 synapses
are arguably the best studied synapses in brain. The plasticity of
those synapses, including long-term potentiation (LTP) and long-term
depression (LTD), are believed to be the fundament of learning and
memory mechanisms.

The projects in our lab are: 1. The fundament of long-term potentiation.
2. Kainate receptor trafficking, synaptic targeting and function
regulation. 3. Novel receptors or transporters.
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Figure 1. Synaptic response mediated by GluK1 and GluK2 expressed in CA1 neurons.

A.Dual recording. Left: a carton model of dual recording system. Simutaneous recording was
made on one green experimental neuron and an adjacent control neuron. A stimulating
electrode was used to generate common input on presynaptic axons. Right: a microscopic
picture of an experimental CA1 neuron and a control neuron in recording. B-E.Evoked EPSCs
recorded in CA1 neurons. All recording were conducted under whole-cell confirmation
holding at -70mV. B. Overexpression of GluK1 in CA1 does not enhance EPSC at -70mV. The
EPSC amplitudes are plotted at horizontal and vertical axis. Inserts are representive traces.
Green:tranfected; black: control. C. Co-expression of GluK1 with Neto2 significantly enhances
evoked EPSCs. D. The CA1 neurons transfected with GluK2 have EPSCs ~15 times of the
control cells. E. Co-expression of Neto2 does not further enhance the EPSCs.
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Figure 2. the Model of Heteromeric AMPA receptors.

A non-reducing western assay was designed to examine the assembly and stoichiometry
of GluA1/A2 heteromeric AMPA receptors. The conclusion was depicted with following
models. A. The structural model of GIuA1/A2. In the model the 2 GluA1s and 2 GluA2s form
a functional assembly of AMPA receptor. B. Top-view of GIuA1/A2. C. The sketch model of
GluA1/A2 showing the channels are in 1-2-1-2 architecture but not 2-1-2-1 assembly.
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Figure 3. Characterization of a Cas9 transgenic mouse.

A. Characterization of Cas9 efficiency in liver. GFP-sgRNA-Cas9 mice was crossed with eGFP
transgenic mice, and then was crossed with Abl-Cre line, where Cas9 will be induced by
the Cre recombinase in liver cells. The GFP expression was not different in brain. The GFP
expression was significantly reduced in liver. B. Characterization of Cas9 efficiency in neuron
cells. In primary culture of cerebellar granule neurons, expression of Cre recombinase
and Grin1-sgRNAs removed the NMDA receptor mediated glutamate currents. Right, the
glutamate currents was diminished by the transfection of Cre recombinase and Grin1-
sgRNAs. Administration of Mg2+ blocked the glutamate currents, indicating the currents was
mediated by NMDA receptors.
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ircadian rhythms are endogenous rhythms in physiology or behavior

with a period length near 24 hours in all genetically studied
organisms. In most cases, these rhythms are generated by endogenous
processes referred to as circadian oscillators. These oscillators provide
temporal structure to an organism’s physiological processes. Nearly all
functions of the body show significant daily variations including arousal,
cognition, learning, memory, motor performance and perception.
This temporal variation obviously plays an important role in the body’
homeostatic mechanisms and has a major impact on the physiological
processes.

Our laboratory is using cellular, molecular, genetic, evolutional and
behavioural approaches to more fully understand the circadian
system, with a focus on identifying linkers between circadian system
and peripheral tissues such as ovary. Another major project is on
understanding why and how extant traits in species may have evolved to
elucidate broad principles of how adaptive evolution occurs in response
to some selection pressures.

Ying Xu, Ph.D.

She received a bachelor’s degree in Pharmacology from Shanghai Medical
University in 1985. Then she earned her first Ph.D. in Dept. of Pathology,
Saitama Medical School in 1996, and second Ph.D. under Dr. Nobutaka
Hirokawa, in Dept of Cell Biology and Anatomy, University of Tokyo in 2001.
After she worked in The YS Institute as Chief Scientist for two years, she moved
to Dept of Neuroscience, University of California, San Francisco in Fu and
Ptacek lab as visiting postdoctoral from 2003-2006. In 2006, she was recruited
to the Model Animal Research Center, Nanjing University.

Contact Information

Tel : +86-25-58641591(Office)

Fax: +86-25-58641500

Email: xuying@nicemice.cn , yingxutravel@gmail.com

Active projects include: (1) Mammalian circadian clock is composed of
interlocking feedback loops. How these interlocking loops are coupled
together to generate robust circadian rhythms is unclear. We are carrying
out phenotype-driven genetic screens and genetic interaction screens
to the basic mechanism of oscillator function. (2) In the past decades,
it has become clear that signalling cascades contributing to various
physiological regulations respond to both central and cellular timing
signals. Disruption in the normal circadian rhythms of an animal result in
changes in sleep, activity, metabolism, cell cycle etc., and may ultimately
lead to a number of diseases. We are trying to elucidate the integral
role of the circadian clock in normal physiology as well as disease. Our
studies demonstrated that the clock affects heart performance, cell cycle
progression, feeding behaviour etc. (3) Some new clock models were
been generating including Drosophila, Zebrafish and mice to understand
the multiple oscillators and construct PER family function network and
their evolution.
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Figure 1 An intensity ratio of interlocking loops
regulates circadian period length

Figure 2 PER1 and PER2 regulates feeding and Sleep
behavior separately
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Nanjing Biomedical Research Institute of Nanjing University (NBRI)

NBRI is recognized as a leading mammalian genetics research center and a national resource platform, which is dedicated to providing high-quality
model mice and professional services. Based on Model Animal Research Center of Nanjing University (MARC) and National Resource Center for Mutant
Mice(NRCMM), NBRI built advanced and reliable platforms of mouse models that provide mouse model , customized animal model services, and
mouse phenotype analysis services.

NBRI has harbored 3,000 mouse strains and has distributed ~300,000 genetically engineered mice including cardiovascular diseases, tumor, metabolic
diseases, immunodeficiency and neurodegenerating diseases models. With breading services and cryopreservation , laboratory animal pathogen
detection , and agency services, we strive to offer One Step Service and comprehensive solution for model mice to worldwide.

NBRI has developed a series of cooperations with the following organizations and company: Eli Lilly, GSK, Pfizer, UC Davis and the Beatson Institute for
Cancer Research, the University of Western Australia, MRC, Schepens Eye Research Institute, Harvard Medical School.

@ The only national resource center for mutant mice authorized by the Ministry of Science and Technology of China
@ The first research center certificated by AAALAC International Institution in China

@ The largest mouse preservation center and the largest gene knockout service organization in Asia

[eccee

INTERNATIO

@ The member of International Mouse Phenotyping Consortium(IMPC)

@ The first strategic cooperative research institution with Medical Research Council(MRC) and National
Laboratory Animal Center(NLAC) in China

@ Knockout service guaranted by germline transmission(GLT);100% success rate for TG service

@ High quality animals(free of over 43 pathogens including all types required by the GB standard).

@ Integration service(from IDEA to DATA).

HISTORY OF NBRI
Foundation { AAALAC International { IMPC { CAs9 | Strains with intellectual
{Resource center | NRCMM was certificated by { NRCMM had { We had adapted the CRISPR- | property rights
i project started { AAALAC International with full | becomean official ; Cas9 system for template- : Phenotype analysis for
: i accreditation for the second time | member of IMPC | mediated repair of targeted Metabolism and Carcinoma

i double strand breaks

2012 2013 2014 2015

HINYI034 2001 2006 2009 211

2010

EAAALAC International National resource EAAALAC International NBRINew Facility

{ NRCMM was certificated | center for mutant mice | NRCMM was certificated by | 30000M* Research
{ by AAALAC International { Nanjing Biomedical { AAALAC International with | building and 7000M?
| with full accreditation | Research Institute of { full accreditation forthe | Animal facility
Nanjing University third time with PEP Certification
Service System of NBRI

Animal
resources T . . .
Supplying Nanjing Biomedical Research Institute of
Nanjing Universi
Breeding Jing ty

Training )
services

Sales : +86-25-58641520/58641550

Gusieiiad afiiel Gl Technical Service : +86-25-58641559/ 58641580
services+Mouse phenotype

analysis services Phenotype Analysis : +86-25-58641551

[TTESTEEG STE: Rederivation Office : +86-25-58641533
mouse strains services

Fax: +86-25-58641551
QQ Enterprise : 8000899984

Veterinary Cryopreservation Email : service@nbri—nju.com

services services
Web : www.nbri-nju.com MarcMice, Better Science.

One-Step Services
Providing a Complete Solution for Model Mice

-56-



2015 Highlights

NOD-Prkdc™™*112rg”"*’Nju (NCG)

NCG mice developed by NBRI (with independent property right), Phenotype:
through CRISPR/Cas9, do not express the Prkdc gene nor the X-linked

+ NO mature lymphocytes, NO serum Ig and LOW NK cell activity.
[12rg gene, are the most highly immunodeficient mice.

« Abnormal structures in the thymus / spleen / lymph nodes.
I I D:T001475 « Resistant to lymphoma development even after irradiation treatment.
T

Background : NOD/ShiLt/Nju « Readily support engraftment of human CD34+ hematopoietic stem
cells and represent a superior, long-lived model suitable for studies
Strains type: Cas9-KO employing xenotransplantation strategies.

- Enables transplantation of human pancreatic islets and the
autoimmune lymphocytes that cause type 1 diabetes

Application of NCG mice

Human fetal thymus
Irradiation

p " e
Applications: { [ :

Translate
to humans

N =

. —

+ Humanized mice model f
« Human cells and tissue transplatation

« Tumor reseach QL & 14

- Stem cell research

stem cells
Fre-clinical model Regenerative medicine

Humanized mice model/hematopoiesis .
and immune system researching tumor Stem cells and iPS cells
model/human infectious disease model

- Infectious disease research Human-derived tumor model

Application of NCG mice in Human-derived tumor model

Advantages in CDX and PDX:

« Highly immunodeficient, almost no rejection for human cells or tissue.

- Life span as normal mice, can be used for long term observation.

- Keep characteristics of histology , molecular marker and drug-sensitivity of primary tumor.
« Clear genetic background, similar experiment data between biological repeats.

The Immnuophenotyping Analysis of NCG Mice

NOD-SCID (4W) NOD-SCID (8W) NCG (4w) NCG (8W)
25067 - Lot ‘ T 250K ]Sl : 250k | e - S 250K 7] o g j
=
200K ) 20067 - 200K 7 | &}
X < < =
¢ 150K 1 ¢S rsox ] ¢S 150% ] 8
%3 %53 %3 =
© 400k Y 400k © 100k Mm
=
50K 50K 7] 50K ] =
T T T T T o T T T T o o §
o SOK 100K 150K 200K 250K o SOK 100K 150K 200K 250K o 50K 100K 150K 200K 250K 0 50K 100K 150K 200K 250K
FSC-A FSC-A FSC-A
10° < 10° : ’ |
—
=
D 10 o D 10t o
a P -
Q Q -
3 L -
bl-l.. 1073 H’I_ 10° 3 E
o 3 o 3 =
3 E &
10?4 . . 107 [==]
10 10 10 ;u5
FITC-CD3 . FITC-CD3 FITC-CD3
10° o 10° s . 10° )
guft Ew‘j D 10* 5 E
S 3 S 3
Em}t Emat H-'-IWS: e
; =
o3 ) o 3 > o 3 >
1I]3-. T T T T 10> w0’ 1093
10 0 10 10 10 10 [} 10 10 10 ,;03 ': 1'03 1‘.,‘ 1'05 ,;n3 ': 1‘113 1In" 1In5
Alexa Fluor@647-CD335 Alexa Fluor@647-CD335 Alexa Fluor@647-CD335 Alexa Fluor@647-CD335

-57-



Application of NCG mice in Cell-line-derived Xenograft

« High success rate of molding, 100% success rate in leukemia xenograft model and breast cancer xenograft model.

- Short term for molding, only half month needed for molding according to 100-150mm? forming tumor standard.

« Low cell injection dose.

Tumor-bearing result of human leukemia cell in NCG mice Application comparison of human mammary gland cells in NCG mice

tumor valume, mean values+/-SEM tumor valume, mean values+-SEM

Tumor growth of BT474 cells T rowth of MDA-MB-231 cell
Tumar growth of K562 cells Tumor growth of Mv4-11 cells in a subcutaneous xenograft in vivo mu;“:‘::: u.,.n,‘;.., xenograft Inc:ivso
in a subcutaneous xenograft in vivo in a subcutanesus xenograft in vive tumor volume, mean vakues+/.SEM hame, moan values+/-SEM

200-

000 15 e 1515 20091 1at rate 18115 HCG(1Z) Take e NCG(172)
_ - lowdozage N + low dosage | = I ol
% mecum cosaga %, edir dos80
£ aum aesaga T frodum dosag 2o - MU
E %00 -+ high dosage £ - high aosage s { - NOD-SCID
E
2 2000 5 joon 2 w0 _;—IJ
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3 H e Y
£ w0 g w0 F 100
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N o 1 2 320 40 5 80
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0 4 0 14 N o P 0 Days since xenograft
Days pest injestion Days pest injection

Application of NCG mice in Patient-derived Xenograft

+ High success rate and Short time of molding(1-3 months).

« Puncture and microscopy samples can be used for molding.

The project of NCG mice application in PDX---chemotherapeutics efficiency screening

Lung cancer(010000) Tumor Volume

~A- lrinotecan  100mg/kg IP QW
@~ gemcitabine 120mg/kg BIW

18007

-@ Control -®- Control

& Docetaxel  15mglkg IP QW & Docetaxel - 15mglkg IP QW
1500 —- Irinotecan  100mg/kg IP QW

Lung cancer(010000) Mice Body Weight

-9~ gemditabine 120mg/kg BIW

Tumor Volume (mnf’)
Body Weight (g)

0t T T T T T T T T T T 1
0 2 4 6 8 10 12 14 16 18 20 22

2 4 6 8 10 12 14 16 18 20 22

Days after the Treatment (d) Days after the Treatment (d)

1.Supplying SPF Laboratory Mouse Strains

BRI holds hundreds strains of inbreed strains, mutant strains, disease models (including cardiovascular disease, adiposity, diabetes mellitus,
immunodeficiency, alzheimer disease, tumor, etc.). We also provide many “tool mice” such as tissue-specific CRE transgenic mice and fluorescent
protein report mice.

Throughout the year of 2015, NBRI has accomplished an output of around 75,000 model mice including commercial purchases and exporting service. Up to
now, we have produced 402 independent intellectual property rights of the strains and received 436 donations lines added to our Resource Centre.

B
BKS.Cg-Dock7™+/+Lepr™/INju

Type Il diabetic mice model

B6.BKS(D)-Lepr™/INju

Type Il Diabetic mouse model

B6.Cg-Lep®’/INju

Type I Diabetic mouse model

B6.129P2-Apoe™ " /JNju

Atherosclerosis
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Immune deficiency mouse model

B6.129S7-Rag1™"™"°" /INju

NOD-Prkdc"™I12rg"™Nju NOD.CB17-Prkdc*/INju CBy).Cg-Foxn1™/INju

2.Breeding services and cryopreservation

ryopreservation saves the expense and space associated with maintaining live breeding colonies, and provides a backup against the loss of the
mouse colonies due to equipment failure, genetic contamination or diseases, or natural disasters such as earthquakes and fire.

In 2015, NRCMM have finished approximately 350 strains for cryopreservation. We can supply the cryopreservation services. We can also help
customers to breed, house, genotype and maintain mouse colonies. Furthermore, we also provide custom breeding services to meet your specific
requirements. Below are some routine services provided by our animal facilities: Ideal for strains whose males have short lifespan or breeding

windows.

1) Rederivation to improve the health status of your mice.

-~
s I

2) Embryo or sperm cryopreservation and recovery to ensure the safety of your valuable research models. l

Embryos cryopreservation is suited to homozygous, multiple unlinked mutation unique genetic backgrounds.

Sperm cryopreservation is suited to single mutations on a common inbred background, most transgenic and knockouts.
3) Mice health test: A platform to test the health of the animals systematically.
4) Speed Expansion Service: We can quickly produce hundreds of SPF, same-age mice. Requires only two males, 2-3 months.

5) Strain Rescue Service: Through IVF or ovary transfer, we can further check the state of the sperm. Our success rate is over 80%.

3.Transgenic/Knockout Mice Services

BRI provides services for generating transgenic mice and knockout

mice. Nowadays, CRISPR/Cas9 has become the leading tool for
genome engineering by using RNA-guided DNA endonuclease Cas9,
the type Il (clustered regularly interspaced short palindromic repeat)
.CRISPR-Cas system uses CRISPR RNA (crRNA) as a guide to locate the
DNA target and the Cas9 protein to cut DNA then generates DSBs in
the target DNA. Easy programmability of the Cas9 endonuclease using
customizable RNAs brings unprecedented flexibility and versatility for
targeted genome modification.

Moreover, our services are flexible to offer partial services of whole
package and/or adapt to customer requirements.

- 100% success rate
- Enquiry/2 months

w/
TR
. b A o K (
€2 @
Sl ~
% G, @& € (8
4 L %H) \-\_. s
L © I ¢ L ‘\:’, i
= P £
2o &8
& IS
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« The first Cas9 KO/CKO mouse in China
« The first Cas9 CKO rat in China

« The first Cas9 KO dog in the world

« Enquiry/45 days

. Su(cessfullg making knock-in
micein 201

« Over 70% targeted efficiency
« Enquiry/4 months

KO first

- Since 2009
« Over 150 models completed
« Enquiry/9months
Transgenic

KO/CKO/KI

« Over 200kb BAC integration

since 2007 « Classical method without off-target

« Multiple locus/elements
« Enquiry/8 mouths

Multiple
targeting
« 5 Multiple ko models completed

« Full customized targeting models
« Enquiry
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4.International standardization phenotypic analysis platform

RCMM has set up a high-qualified standardized phenotype analysis platform which is the unique member of the International Mouse

Phenotyping Consortium (IMPC) in China. This year we have established 107 knockout mouse strains based on ES cell targeted clones and 143
strains by Crisp-Cas9 technology. Up till now, our IMPC phenotyping platform has completed the core analysis pipeline on more than 80 knockout
strains. And the sets of data were uploaded to the IMPC database which will be shared to every science researcher.

Our services include:

- Systemic basic screening of potential phenotypes of mutant mice, covering behavior, metabolism, cardiovascular, sensory, skeletal and immune system.

« Professional molecular and histological analysis of individual mouse/tissue, including QPCR, western blot, HE staining and immunohistochemistry.

Auditory Brain Stem Response (2+2)

Sensory

Neurological/
Behaviour

Opthalmoscope

Grip Strength

Musculo-
skeletal Body Composition (DEXA)

X-ray (5 +5)

Metabolism Hematology

Immune

FACS analysis — blood/spleen

Modified SHIRPA/Dysmorphology

Cardiovascular Gross Pathology & Tissue Collection (2+2)

General Tissue embedding &Block Banking (2+2)

Reproduction Fertility Histopathology (2+2)
- from blocks where required

Oncology Platform---- Xenograft Models and Services

: : Powerful : :
Basic Study Design ; Experimental Methods Results and Analysis
Mice models
« Standardized Cell line + Nude « Caliper measurements + Tumor growth inhibition (TGI)
« High Cell Viability + Nod-scid « Blood hematology « Increased life span (ILS)
- SOP - NCG + Clinical chemistry « Combination approaches

« Histological services

Advantages of Xenografts Models Metabolic Platform ---- Metabolic Disease Models and Services
- Fast Disease | Model Species
+ Models can be reproduced easily STZ-induced Mouse/Rat
- Considered adequate as a preclinical test of anti-cancer drugs Diabetes | Genetically engineered Db/db, ob/ob Mouse
« Provide visual evidence that mice really do have the tumors prior to the High fat diet-induced obesity DIO Mouse

administration of test therapies Genetically engineered Db/db, ob/ob Mouse
- Provide a visual method of reviewing tumor reaction or increase over a Obesity | High fat diet-induced obesity

. . . . DIO mouse
period of time (growing/established)
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Oral Glucose Tolerance Test

Bload Glucose NOD/ShiLtJNju mice Morbidity
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5.laboratory animal pathogen detection and veterinary services

he veterinaries ensure the NBRI's animal welfare and health by supervising all animal health report review and approval program, by assisting in
establishment and/or monitoring animal quarantine procedures, by in charge of Health Monitoring Program which include disease detection and

surveillance, prevention, diagnosis, treatment,and resolution.

In 2014 we have participated in the ICLAS (International Council for Laboratory Animal Science) Performance Evaluation Program and obtained the
certificates, which proved the ability of our Diagnostic Laboratory. And we became to be the ICLAS membership in2015.

This year The Veterinary department introduced a VITEK 2 COMPACT which can identify a wide range of clinical common bacteria with shorter

detection time.

Veterinary services include serological, microbiological, parasitological testing services, as well as facility inspection program and training.

consen wTERN

ICI_AS‘

N

INTERNATIONAL COUNCIL FOR LABORATORY ANIMAL SCIENCE

ICHAR GES SCIENCE GE L'ANSAL OF LABGAATIRE
Eucekiubed n 188 e o seapivss of LAESED
e Eraeon

Cortificate of

o5
vt e bl Dgrcvetios 4 el Smies [0,

ICLAS LABORATORY ANIMAL QUALITY NETWORK

in the ICLAS
Program for Diagnostic Laboratories

This is o certy ihat
Madiel Animal Research Canter (MARC], Nanjing University, P. R. China

Programs for chagnast boratures o the perd 1ty 2013 - 30 e 2014,

Tores

v
Diwcor, ICLAS Lasoraty A Qualty Netwark
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6.Agency Services

e have a high-quality service team, with expertise and technical capability, which has successfully imported mice more than 100 times from USA,

Britain, Germany, France, Japan, Netherlands, Austria, Australia, Hongkong and other countries, at the same time, exported ells, embryos, sperm,

tissues etc.

We import frozen materials, from different depositories like KOMP, MMRRC, EUCOMM, EMMA, from different countries such as USA, Britain, Germay,
France, Australia. We also export mouse embryos, tissues to USA, Britain, Canada, Belgium and other countries.

We are always committed to providing perfect and professional services to both domestic and foreign customers.

‘A et TOCONICM IGILR RC

Resource Sharing Alliance

Mutant Mouse Regional Resource Centers supported by NIH

KOMP Repository
KNOCKOUT MOUSE PROJECT  Bioresources of poRlHEH BRC

China Mouse Strain Resource

Http://CMSR.NRCMM.CN

Sharing and collaborative utilization of model mouse resource have become
a global trend. At present, developed countries like UK, USA and Japan have
already established complete repository and resource systems. Within this global
atmosphere, Chinese Mouse Strain Resource (CMSR) was established.

@ Ensure equal access to valuable research resources in China
@ Promote the sharing and collaborations of model mouse resources.

@ Dedicate to avoiding repetitive import and production of mouse models
based on the assertions of proper intellectual property rights

@ Collect and organize available mouse resources through a complete and
centralized network system

@ Ensure that every alliance member is capable of finding desired mice strains
by searching CMSR's online database at any time any place

THEME: Targeting resource integration and research serving, CMSR is devoted
to establishing an active platform which would provide all alliance members
with services including one-step inquiries and resource sharing of available
model mice strains, and thus further promote the development of biomedical
researches in China

The first sharing alliance meeting was held on Jun 18th, 2014. At this meeting,
the members reached an agreement on the alliance statutes, got the meeting
resolutions, and elected MARC (NRCMM) to be unit director, the experimental
animal center of Tsinghua University to be vice unit director, Pro. Xiang Gao to
be the first chairman. In the past one year, 18 researchers had shared 85 kinds of
strains to CMSR and NRCMM.
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Seminar

’ Date Speaker
1 2015/1/6 Qin Ma Ph.D.
2 2015/1/6 Chao Xie M.D.

Computational Methods in Bioinformatics

The role of intravenous transplanted human mesenchymal stem cell
during bone repair and its molecular imaging evaluation

The Secretory Pathway in Metabolic Control: A Tale of the COPII

University of Georgia

University of Rochester School of Medicine

3 2015-03-24 Xiaowei Chen Ph.D. Pecking University
Complex
Zhengfan Jiang . . . . .
4 2015-03-26 PhD Natural immunity and cell signal transduction Beijing University
5 2015-04-16 Peng Li Ph.D. Obesity an adipocyte biology Tsinghua University
6 2015-04-22 Eric N.Olson Ph.D. Mechanisems of muscle development, disease and regeneration. UT Southwestern Medical Center
7 2015-04-28 Tim Hunt Ph.D. Getting in and out of mitosis The Francis Crick Institute, UK

8 2015-04-30

Zhiheng Xu Ph.D.

JNKsignaling pathway regulation and related diseases

Heritage and Development Institute

9 2015-05-04

10 2015-05-06

11 2015-05-06

Yi Sun Ph.D.

Ming-hui Zou Ph.D.

Randy Levinson

Anti-lung tumorigenesis by targeting Sag/Rbx2 E3 ubiquitin ligase:
Translational Application

Blooming of the French Liliac: Mechanisms and Therapeutics of
Metformin

Navigating the Publishing Process at High-Impact Journals

Zhejiang University

Oklahoma University

Nature Medicine

Ph.D.
. Epigenetic Regulation of PPARy and Adipogenesis by Histone . .
12 2015-05-06 Kai Ge PhD . National Institutes of Health
Methylation
o Modulation of zebrafish tissue barrier by Clostridium perfringens Affiliated hospital of Guangdong Medical
13 2015-05-08 Jingjing Zhang Ph.D. .
enterotoxin fragments College
14 2015-05-15 Aibin He Ph.D. Epigenetic insight into heart development and diseases Peking University

15 2015-06-11

Yonggqing Zhang

Synapse development, amentia and infantile autism

Institute of Genetics and Developmental

Ph.D. Biology,CAS
. . . . Kresge Hearing Research Institute
16 2015-06-12 Guogiang Wan Ph.D. = Regeneration of cochlear cells and synapses for hearing restoration T e
University of Michigan
. . Abrogation of Trbp reveals a novel linear miRNA-mediated Department of Cardiology, Boston Children’s

17 2015-06-16 Jian Ding Ph.D. . . .

regulatory pathway in the heart Hospital, Harvard Medical School
18 2015-06-25 Wei Liu Ph.D. The molecular mechanism and function of cell autophagy Zhejiang University
19 2015-06-25 Mei Xin Ph.D. Hippo signaling in heart development and repair University of Cincinnati
20 2015-08-11 Ren Xu Ph.D. Extracellular matrix, a network in and out of the cell University of Kentucky School of Medicine

Microfluidics and Electrical Impedance Spectroscopy for R
21 | 2015-08-13 Zhen Zhu Ph.D. ) P P Py Southeast University

Single-Cell Study

Daniel P. Kelly, . . Lo X Sanford-Burnham Medical Research

22 2015-11-16 M.D Y Deciphering the Metabolic Origins of Heart Failure —

23 2015-12-08

Degiang Li Ph.D.

The business of cardiomyocyte: commitment, differentiation
and proliferation

University of Pennsylvania
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Courses and Teachers

The MARG, as an institute of the University of Nanjing, is home to approximately 170 PhD students. They carry out their dissertation
studies under the supervision of MARC group leaders. In addition, MARC group leaders present lectures and laboratory courses at
universities in China, in particular, at Nanjing University, and in other countries. In 2015, the following lecture series and courses were
given by MARC staff at Nanjing University (unless indicated otherwise).

Bioinformatics Mechanism of Development
Mingshen ZHU Jiong CHEN
Ying CAO
Cell Biology and Molecular Biology
Zhongzhou YANG
Shuai CHEN
Qingshun ZHAO
Di CHEN
Chaojun LI Medical Genetics (Shanghai Jiaotong University)
Xiang GAO
Cell signaling
Geng LIU MARC seminar in Genetics
Jianghuai LIU All Pls in MARC
JunYAN
MARC seminar in Developmental Biology
Chaojun LI
All PIs in MARC
Zhongzhou YANG
Life, Evolution and Health
Genetics
Xiang GAO
Qing ZHANG
Jinzhong QIN The Fourth RIKEN BRC/Nanjing University MARC
Di CHEN International Summer Intensive Course of the Mouse
Xin LOU Xiang GAO
Ying XU
Doctoral qualification exam I&lI
Shuai CHEN
All Pl'in MARC
Zhongzhou YANG
Frontier of Cell Biology Jing ZHAO

Zhengfan JIANG (Beijing University)

Yongqging ZHANG (Institute of Genetics and
Developmental Biology, CAS)

Wei LIU (Zhejiang University)
' Peng LI (Tsinghua University)
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PhD Theses
MARC students successfully defended the following PhD theses in 2015
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PhD Theses:

Group Xiang Gao

AnTang

PP2Acs are essential for the completion of meiosis | in mouse
oocyte

XinTu

Functional Analysis of PP2A in Cardiac Hypertrophy and Glucose
Homeostasis

Qinghua Wang

Disruption of Maged1 enhance adiposity via preadipocyte
proliferation and differentiation

Anying Song

H3K27 demethylase, JMJD3 controls female reproduction
and energy homeostasis by regulating kisspeptin signaling in
hypothalamus

Group Minsheng Zhu

Yungian Gao

Maternal expression of miRNA 379 cluster mediates polar
overdominance of callipyge/mir-379

Xin Chen

Molecular Mechanism of Muscle Growth of Broiler Chicken: A Role
of miR-199-5p in Regulating Differentiation of Skeletal Myoblasts
Pei Wang

TMEM16A Participates in Inflammatory Agonists mediated Airway
Smooth Muscle Contractility and Airway Hyperresponsiveness in
Asthma

Wei Zhao
Myogenic Pathogenesis of Hirschsprung Disease
Group Zhongzhou Yang

Baiyin Yuan

WDR1-Mediated Actin Dynamics Plays Essential Roles in Mouse
Myocardial Growth, Maintenance and Second Heart Field
Progenitor Cells Development

Group Chaojun Li

Weiwei Tao
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Group Qingshun

Wenshuang Jia
The role of miR-21

gonial stem ce

Xiaohua Dong
Zebrafish znfl1s play essential roles in patterning hindbrain
anterior-posterior axis and embryonic left-right asymmetry

Group Geng Liu

Guoxin Zhang

Study of p53 gene promoter activity and p53-mediated cell
competition during mouse embryogenesis

Group Jianghuai Liu

Hui Jiang

Type | interferon activates PFKFB3-driven glycolysis to promote
bystander anti-viral effects in macrophages

Group Jiong Chen

Di Kang
Beyond Metabolic Regulation: Roles of Insulin Signaling Pathway
in Cell Fate Determination in Border Cells of Drosophila Ovary

Group Hongyang Wang
Xiaofang Zhao

Activity and mechanism of Gankyrin in CCl4 induced hepatic
fibrosis and hepatocarcinogenesis

Group Ying XU

Zhen Dong

Loss of HBP1,a key regulator of mitochondrial function, preserves
follicle reserve in mammalian ovary

Group Ying Cao

LeiLu

Kdm2a/b regulate canonical Wnt signaling via mediating the
stability of nuclear B-Catenin

Yan Gao

The lysine demethylases Kdm2a/Kdm2b regulate Xenopus body
axis patterning via modulating the stability of nuclear 3-Catenin
Xuena Zhang

Jmjdé6 regulates the function of the transcriptional repressor
Tcf711 and is required for germ-layer differentiation and body axis
patterning during Xenopus embryogenesis
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2015 Annual Conference of MARC

he 2015 MARC Annual Conference was held in Nantong University
from November 4th to 6th .This conference was organized by Dr.
Shuai Chen and Dr. Jun Yan. More than 180 scientists and students

Chaojun Li's laboratory and Lei Lu from Dr. Ying Cao’s laboratory were
nominated. In addition, ten students received 2015 Outstanding Poster
Prize.

from Nanjing University, Nantong University, Shandong University and
Suzhou University attended the conference.

Dr. Jun Yan, one of the co-organizers made welcome remarks at the
opening ceremony, in the following sessions, Pls presented latest
research progresses and scientific ideas from their laboratories, followed
by lively discussions between the speakers and the audiences. About
74 posters were presented by senior students to exhibit their research
results. In the Teacher-Student interaction session, interested issues and
topics were discussed.

At last, Zizhang Zhou from Dr. Qing Zhang’s laboratory, was awarded
the 2015 Student of MARC for his excellent research. Shan Jiang from Dr.

2015 Summer Camp

As the primary task for scientific research and education of MARC, we treat the graduate students to treasure. In order to attract more outstanding
students to MARC, we held the 6th Summer Camp from July 13-17 This summer. 47 excellent undergraduates were selected from a pool of 218
applicants from 15 universities nationwide.

Wonderful programs have been organized in order to increase the interaction between undergraduate students and our faculty members/graduate
students. 7 faculty members gave lectures on the current progress in biomedical researches, ranging from circadian rhythms, cell migration to heart
regeneration and neurodegeneration.

To enhance the students; interest in the experiment, the summer camp also has carried on the experimental demonstration. Students have observed
and participated in the experimental Mice, Drosophila melanogaster, Zebrafish, and Caenorhabditis elegans.

We respectively held academic
salons, dedicates Pl with summer
camp students communicate
with each other at three nights
.Moreover, 2 of our outstanding
graduate students, Peiliang Shi
and Qi Xiao, communicated with
the Summer Camp students on
their own research lives at MARC.

The purpose of the Summer Camp
is to train and attract students
for future biomedical researches
involving model animals both at
MARC and at other institutes in
China.
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The fourth RIKEN BRC/NANJING UNIVERSITY
MARC MOUSE RESOURCE WORKSHOP

odel Animal Research Center (MARC), Nanjing University, China and

RIKEN BioResource Center (BRC), Japan have been co-organizing
a short educational course focusing on mouse genetics and related
experimental technologies for young scientists. The 1st course was held
from August 27 to 29, 2012 in Tsukuba , the 2nd from July 29 to 31, 2013
in Nanjing and the 3rd course from July 28 to 30 in Tsukuba . This year,
MARC took its turn again and hosted the 4th course from July 27(Mon)
to 29 (Wed) in Nanjing University.

19 lectures from China and Japan. Academy Heping Cheng, Prof. Weinian Shou, Prof. Bin Zhou, and six from

Fudan University and Suzhou University in China, and 10 from RIKEN BRC including Dr. Yuichi Obata (Director)

Periods: From 9:00 Monday June 27, 2015 to 16:00 Wednesday June 29, 2015
Place: MARC, Nanjing University
Students: 93 students from China, Japan and India
Speakers:
Nanjing University,
Contents:  Lectures and experimental training courses

Co-organizers: Dr. Xiang Gao (Founding Director of MARC) Dr. Yuichi Obata (Director of RIKEN BRC)

Themes of Lectures:

1. History and Basic Principles of Mouse Genetics

2. Management and Quality Control of Mouse Husbandry and Facilities
3. Standardization of Mouse Phenotyping

4.Technologies in Mouse Research

5. Development and Embryology in the Mouse

6. Mutant Mice and Rats as Models for Human

Diseases(Cardiovascular, Metabolic, Circadian, Tumor and
Neurodegeneration)

During July 27 to 28, 19 speakers gave lectures focusing on the themes.

During the sessions for open discussion, participants actively asked
questions to the lecturers and extensively engaged in discussions. At
last, Dr. Gao, Founding Director of Nanjing University MARC and Dr.
Yuichi Obata, Director of RIKEN BRC awarded certificates to participants.

Experimental training courses:

On July 29, the experimental courses arranged five courses: Pathology,
Animal Health and Veterinary Care, Sperm Cryopreservation,
Microinjection and SHIRPA, and the students all devoted to the courses
and benefited a lot.

Looking forward, The Fifth RIKEN BRC-Nanjing University MARC Mouse
Resource Workshop 2016 will take place in Tsukuba in Japan focusing on
Biological Imaging of Disease Models.

2015 Developmental Biology Conference

n order to promote basic research on developmental biology in China

, MARC and Chinese Society for Cell Biology(CSCB) organized the 2015
Developmental Biology Conference which was held in Nanjing from
September 23th-26th. Among 60 participants are professors from such
as Nanjing University , Tsinghua University, Tongji University, Zhejiang
University, Suzhou University, Xiamen University, Beijing Normal
University, Sichuan University, Pls form such as CAS, staff of National
Natural Science Foundation of China and administrative staff.

Dr. Xiang Gao, chairman of the conference, presided at the opening
ceremony, then gave a summary talk about the status of developmental
research in China. Dr. Naihe Jing , investigator of Shanghai Institute of
Biochemistry and Cell Biology, Chinese Academy of Sciences(CAS), gave
the first talk titled 3D transcriptome of early mouse embryo.

31 talks from domestic scientists, were divided into five session: Genetics
and Genomics of Development, Panel discussion, Development and

Diseases, Stem Cells and Regeneration, Organogenesis and Signal
Transduction in Development.These sessions were chaired by Dr.
Lijian Hui(investigator at SIBS, CAS), Dr. Xiang Gao(Nanjing University),
Dr.Steven Y. Cheng(Nanjing Medical University),Dr. Hengyu Fan(Zhejiang
University), Dr. Chaojun Li(Nanjing University). The speaker presented
latest research progress and scientific ideas from their laboratories,
which were followed by heated discussion between the speaker and the
audience.
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2015 Students Union

he student activities are always rich and colorful in MARC. Beside studying and researching, the 150 MARC students may also found themselves
cultivated by a culture promoting humanity, critical thinking, and social well-being here. Thanks to the generous financial support guaranteed by both
MARC and the government, we have adequate resources to enrich our lives here.

In the year of 2015, the annual badminton and table tennis game came at the appointed time in May and December this year, respectively, and being
attractive as usually. Moreover, our basketball team played the basketball game of Pukou New District in August. Sport activities of these will not only
spice up our life, but more importantly inspire passion and enthusiasm for physical exercises, which is more than necessary for scientific students like us.

The first stage of weekly held student seminar ended successfully with all the PhD candidates over the third year demonstrated their academic results.
A platform to show ourselves and learn from each other is always among our pursuits, and the student seminar was held in this perspective. Also, our
lectures with invited speakers were quite abundant this year. Plenty of renowned scientists, including Nobel Laureate Tim Hunt, have given lectures here.
And more speakers from non-science background, such as experts of literature, arts and social science were invited as well.
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