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Cytosolic anti-bacterial immunity: sensing and execution

Feng Shao

National Institute of Biological Sciences, Beijing

Inflammatory caspases including caspase-1, 4, 5 and 11 are critical for cytosolic
defenses against bacterial infections. Caspase-1 is activated by canonical
inflammasomes mediated by a scaffold that senses the infection. We identify the NAIP
family of NLR proteins as inflammasome receptors for bacterial flagellin as well as the
type 111 secretion apparatus. Pyrin, encoded by the familial Mediterranean fever disease
gene, forms a canonical inflammasome complex upon  bacterial
modifications/inactivation of host Rho GTPases, such as glucosylation by C. difficile
cytotoxin TcdB and deamidation by B. cenocepacia. We also discover that caspase-4/5
in human and caspase-11 in mice are cytosolic receptors for bacterial LPS, playing a
critical role in anti-bacterial defense and septic shock. LPS binding to the CARD
domain induces oligomerization and activation of caspase-4/5/11. Common to
inflammatory caspases activation is pyroptosis, a programmed necrotic cell death.
Using genome-wide CRISPR/Cas9 screens we identify GSDMD as a pyroptosis
substrate for all inflammatory caspases. GSDMD™" cells resist pyroptosis induction by
both canonical inflammasome agonists and cytosolic LPS. IL-1B release is also
inhibited in GSDMD™" cells. The caspases cleave the linker between the Gasdermin-N
and -C domains in GSDMD, releasing the autoinhibition on Gasdermin-N that harbors
intrinsic pyroptosis-inducing activity. GSDMD belongs to a large Gasdermin family;
other family members are not cleaved by inflammatory caspases but share the
autoinhibition. These findings are of significant insights into inflammatory caspases-
mediated immunity/diseases and also suggest a new paradigm for understanding

pyroptosis and programmed necrosis.

Key words: Pyroptosis, Inflammasome, LPS, flagellin, bacterial infection.
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The UBRS5 Ubiquitin Protein Ligase, Genetics, Breast Cancer, and Immune
Response

Xiaojing Ma
School of Life Sciences and Biotechnology, Shanghai Jiao Tong University, Shanghai

Breast cancer (BC) is a leading cause of mortality among women in the Western
world. Approximately 15-20% of BC is the so-called "triple negative” (TN) type for the
absence of estrogen receptor (ER), progesterone receptor (PR) and HER-2/neu (ErbB2).
A 2007 study of more than 50,000 women with all stages of BC found that 77% of
women with TNBC survived at least 5 years, whereas 93% of women with other forms
of breast cancer were found to survive at least five years. Clearly, more therapeutic
modalities are needed for TNBC.

We applied next generation sequencing to a number of human TNBC specimens
with the objective to identify potential "driver" genes for TNBC development and
pathogenesis. One of the hits that was identified for its significant amplifications at the
genomic DNA level and verified at the mRNA level for overexpression over the
surrounding normal breast tissues was an E3 ubiquitin protein ligase named UBRS5. To
explore UBRS5's functional importance in TNBC, we studied this gene in great details
in a syngeneic murine model of transplanted TNBC, which expresses very high levels
of UBR5. We took the approach to "knockout" UBR5 in tumor cells via the
CRISPR/Cas9 system and confirmed that it was inactivated by more than 95% at the
mMRNA and protein levels in several selected clones. Subsequently, we carried out a
series of in vitro and in vivo experiments comparing the behavior and responses of the
WT and KO tumor cells. There were dramatic differences in tumor growth and lung
metastasis. We observed that the KO tumors exhibited decreased proliferation and
angiogenesis, increased apoptosis, and altered epithelial mesenchymal transition
(EMT). One of the most strikingly affected genes critically involved in EMT is E-
cadherin whose expression in KO tumors was completely abrogated. In addition, we
also observed marked increases in the number of activated dendritic cells (DCs) in the
tumor-draining lymph nodes and tumor-infiltrating cytotoxic T cells in mice carrying
UBR5 KO tumors. Finally, as a confirmation of our study, a large clinical data mining
survey/analysis published at the end of 2015 in Molecular Cancer Research reveals that
UBRS5 amplifications occur in more than 20% of ovarian and breast cancers, in more
than 10% of liver, prostate and bladder cancers. In addition, BC patients carrying
genetic mutations in UBRS5 have significantly reduced survival rates compared to those
without the alterations. Thus, targeting UBR5 in TNBC will likely be a much more
effective therapeutic strategy than currently available treatment regimens for this
deadly disease.

10
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1996  Tsinghua University, Beijing B.S.

2005  Johns Hopkins University School of Medicine, Baltimore
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2010  The Rockefeller University, New York Post-doc (with
Robert G. Roeder)

2011- University of Alabama at Birmingham, Assistant professor

2016-  University of Alabama at Birmingham, Associate Scientist.
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My lab studies roles of histone modifications, with a particular focus on histone
H3K4 methylation, in the regulation of gene expression in stem cell fate determination.
The central properties of the embryonic stem cells lie in their continuous self-renewal
while maintaining the potential to differentiate into all types of cells in the organism. It
has recently been demonstrated that various types of differentiated cells can be reverted
to the pluripotent state or can be converted to one another. Controlling the stability and
plasticity of cell identity is obviously crucial for animal development and physiology,
and is also pivotal for regenerative medicine. With a few exceptions, all cells in an
organism share the same genome, but they do have different epigenomes and gene
expression patterns. Therefore, at the heart of the cell identity control is the control of
gene expression. Epigenetic mechanisms including the covalent chemical modifications
on histones are increasingly recognized as a fundamental and prevalent means to
regulate gene expression. In a simplistic view, histone H3K4 methylation is generally
associated with gene activation, while H3K27 methylation with gene repression.
However, it is still difficult today to give definitive answers to some simple yet
fundamental questions including: Is H3K4 methyl mark functionally critical for
transcription? If yes, then to what extent does it impact on animal physiology?

11
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Epigenetic Regulation of stem cell fate determination and
tumorigenesis

Hao Jiang

University of Alabama at Birmingham, USA

The broad interest of my laboratory is how gene regulation at the chromatin,
transcriptional, and post-transcriptional levels controls the stability and plasticity of
animal cell identity, how dysregulation of these mechanisms lead to diseases especially
cancer, and how we may develop novel molecules to combat these diseases based on
these mechanisms. One major direction of our research has to do with the functional
role of the Dpy30 subunit of the Setl/MIl complexes in regulating stem cell fate
determination and tumorigenesis. We have shown that Dpy30 is dispensable for
embryonic stem (ES) cell maintenance, but is critical for the two-way
cell-fate transitions between the ES and differentiated cells. Using a Dpy30 conditional
KO mouse model we recently generated, we have shown a critical role of Dpy30 in the
fate specification of neural stem cells and hematopoietic stem cells (HSCs), as well as
the long-term maintenance of HSCs, via epigenetic regulation of the expression of
multiple key chromatin and transcription modulators. Moreover, we have recently
shown that Dpy30 reduction significantly repressed the Eu-Myc-driven
lymphomagenesis by inducing B cells apoptosis without affecting normal physiology.
These results suggest a key role of Dpy30 in a “non-oncogene addiction” pathway and
may be targeted for cancer treatment. | will also present our latest progress in

developing inhibitors of Dpy30 for potential cancer treatment.

Keywords: Histone methylation, Dpy30, stem cell maintenance and differentiation,

cancer.
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Molecular mechanisms of promoter-proximal pausing release of
RNA polymerase Il in human cells

Ming Yu
Sheng Yushou Center of Cell Biology and Immunology, School of Life Sciences and

Biotechnology, Shanghai Jiao Tong University, Shanghai

Around seventy-five percent of the genes in a given type of animal cells have
paused RNA polymerase Il (Pol 1) 30-50 nucleotides downstream of their
transcriptional start sites (TSSs). Paused Pol Il release is a critical step of transcriptional
regulation. It is currently believed that paused Pol Il release is dependent on the kinase
activity of P-TEFb. MLL1 is one of the histone 3 lysine 4 methyltransferases in human
cells. MLL fusion genes, arising from the break of MLL1 and the fusion of its 5’
fragment in frame to one of the fusion partner genes, cause mixed lineage leukemias
(MLLs). Some of the major fusion partners of MLL1, including AF4, AFF4, AF9, ENL,
and ELL, were recently found to be subunits of a multiprotein complex, which also
contains P-TEFb. Considering that ELL and P-TEFb are known elongation factors, the
complex was named the super elongation complex. Yet, roles of AF4, AFF4, AF9, and
ENL in transcriptional regulation and the molecular mechanisms underlying the
corresponding MLL fusion proteins-mediated persistent gene activation remain unclear.

I will present our latest findings.

Key words: human, RNA polymerase I, transcriptional elongation, leukemogenesis
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Establishment and Maintenance of Epigenetic Information

Bing Zhu

Institute of Biophysics, Chinese Academy of Sciences

DNA is unarguably the carrier of genetic information. However, DNA sequence
alone cannot explain how hundreds of cell types in a complex multi-cellular organism,
such as a human individual can possess distinct transcription programs, while sharing
the same genetic information. This is believed to be achieved by fine-tuning our genetic
information with a so-called “epigenetic” system. To fulfill the two basic tasks
challenging the multi-cellular organisms, epigenetic system must simultaneously offer
dual characteristics, “Plasticity & Inheritability”. Plasticity allows the transformation
of one genome into hundreds of epigenomes and transcriptomes, whereas inheritability
permits the maintenance of every single epigenome and its corresponding transcriptome.

We are interested in several dimensions of the epigenetic system. Primarily, we
would like to understand how epigenetic information is inherited during mitotic
divisions and how epigenetic information is established during germ cell maturation
and stem cell differentiation. In this seminar, 1 will highlight some of our recent

progresses along these directions.

Keywords: Epigenetics, DNA methylation, histone modification, germ cell

maturation, mitotic inheritance
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Type | Interferons: Bridging Innate and Adaptive Anti-tumor

Immunity

Xuanming Yang
Sheng Yushou Center of Cell Biology and Immunology, School of Life Sciences and

Biotechnology, Shanghai Jiao Tong University, Shanghai

Antibodies (Abs) that preferentially target oncogenic receptors have been
increasingly used for cancer therapy, but tumors often acquire intrinsic Ab-resistance
after prolonged and costly treatment. Here, we arm the Ab with IFNb? and observed
that it is more potent than first generation of Ab for controlling Ab-resistant tumors.
This strategy controls Ab-resistance by re-bridging suppressed innate and adaptive
immunity in tumor microenvironment. Mechanistically, Ab-IFNb therapy primarily
and directly targets intra-tumoral dendritic cells, which re-activate CTL by increasing
antigen cross presentation within the tumor microenvironment. Additionally, blocking
PD-L1, which is induced by Ab-IFNb treatment, overcomes treatment-acquired
resistance and completely eradicates established tumors. Therefore, it establishes a
next-generation Ab-based immunotherapy that targets and eradicates established Ab-

resistant tumors.
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Zika Virus Disrupts Neural Progenitor Development and Leads to Microcephaly
in Mice

Zhiheng Xu

Institute of Genetics and Developmental Biology, Chinese Academy of Sciences.

The link between Zika virus (ZIKV) infection and microcephaly has raised urgent
global alarm. The historical African ZIKV MR766 was shown to infect cultured human
neural precursor cells (NPCs), but unlike the contemporary ZIKV strains, is not
believed to cause microcephaly. Here we investigated whether the Asian ZIKV strain
SZ01 could infect NPCs in vivo and affect brain development. We found that SZ01
replicates efficiently in embryonic mouse brain by directly targeting different neuronal
linages. ZIKV infection leads to cell cycle arrest, apoptosis and inhibition of NPC
differentiation, resulting in cortical thinning and microcephaly. Global gene expression
analysis of infected brains reveals upregulation of candidate flavirus entry receptors
and dysregulation of genes associated with immune response, apoptosis and
microcephaly. Our model provides the first evidence for a direct link between Zika
virus infection and microcepahly, with potential for further exploration of the

underlying mechanisms and treatment of ZIKV related pathological effects.

Keywords: Zika virus infection, neural precursor cells, microcepahly, immune response
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Functions of noncoding RNAs in neural stem cell development and

neurological disorders

Tao Sun
School of Life Sciences and Technology, Shanghai Jiao Tong University, Shanghai

Abnormal proliferation and differentiation of neural stem cells and neural
progenitors in the developing cerebral cortex can cause brain malformation and result
in dysregulation of brain function such as epilepsy and mental disability. Emerging
evidence has shown that similar to protein coding genes, noncoding RNAs play critical
roles in cortical development and are associated with the etiology of human
neurological disorders. We have found that a specific group of microRNAs (miRNAS)
is required for proper proliferation and differentiation of cortical neural progenitors.
Knockout or knockdown of these miRNAs cause microcephaly in mice. These miRNAs
are also essential for maintaining adult neural stem cell population in the hippocampus
and are associated with mood disorders. Moreover, long noncoding RNAs (IncRNAS)
are also required for neurogenesis in the developing cortex by interacting with
transcription factors. Our studies have demonstrated crucial roles of noncoding RNAs

in brain development and neurological disorders.
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Proper Mitotic Spindle Assembly is Essential for Accurate
Chromatids Separation in Mammalian Cells

Chuanmao Zhang

Peking University

Accurate chromatids separation and cell division require assembly of a proper
mitotic spindle in mammalian cells. Fail to assemble a proper mitotic spindle can result
in aneuploidy that may be involved in aging and the formation of cancer or the cell
death. A typical metaphase spindle, vaguely ellipsoid in cross section, is mainly
composed of a well-organized microtubule mass and many microtubule-associated
proteins (MAPSs). The spindle microtubules connect in one end with one of the two
opposite spindle poles and in another end with one of the paired kinetochores assembled
at each side of the chromosome. The mitotic spindle is dynamic all the time under tight
regulation of a number of key issues and many regulatory factors such as MAPS, mitotic
kinases, Ran GTPase with its binding/effect proteins, and so on. For instances, first,
serving as two spindle poles for the spindle assembly in mitosis, the centrosome must
be duplicated once per cell cycle and the duplicated pairing centrosomes need to be
timely separated; second, a proper connection of the spindle microtubules with the
kinetochores must be established for the accurate chromatids separation; and third, the
spindle size/length must be proper as it influences the chromosome positioning, the
cytokinetic furrow induction, the following cell division, and the daughter cell size.
Among the many factors that regulate the proper mitotic spindle assembly, the mitotic
kinases take crucial roles for the spindle dynamics, the stepwise kinetochore formation,
the spindle assembly checkpoint and the connection of the microtubules with the
kinetochores. Ran GTPase and its binding/effect proteins are also crucial for the mitotic
spindle assembly by regulating many aspects including the microtubule nucleation, the
connection of the microtubules with the kinetochore, and the spindle size. Both the
mitotic kinase and Ran GTPase systems are well-coordinated and can also regulate each
other in performing their functions in the regulation of the mitotic spindle dynamics
through affecting the function of MAPs, the microtubule nucleation, the centrosome
duplication, and other processes. In this talk, 1 will mainly discuss the morphology
construction and the dynamics of the mitotic spindle under regulation of the mitotic
kinases and Ran with its binding proteins.
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Cancer cells maintain their intracellular ROS concentrations at required levels for
their survival. Changes in ROS concentrations can regulate biochemical signaling
mechanisms that control cell function. It has been demonstrated that ROS regulate the
cellular events through redox regulation of redox-sensitive proteins (redox sensors).
Upon oxidative stress, redox sensors undergo redox modifications that cause the
allosteric changes of these proteins and endow them with different functions.
Understanding the altered functions of redox sensors and the underlying mechanisms
Is critical for the development of novel cancer therapeutics. Recently, a series of high-
throughput proteomics approaches have been developed for screening redox processes.
In this manuscript, we review these methodologies and discuss the important redox

sensors recently identified that are related to cancer.

26



e “BREMRSREFTIHL" BESESHELATIS

RrBER: BT ReAlpro &
NI

NSFC L/ FHE&REH

BE WP NA N

2014 F—24, LAY, AmREERRER, R Rl i
2009 F—2014 4F, BHF RS, BB, EIHER (oL Pl)

2008 £—2009 4, EE R KNS LA, EdaRlAat s,
R

2001 #£—2008 4, EE HHMAY LA, S THREEEM R, L
1997 H—2001 4, Jbutke, VWS TAEY R, TELFT R L, Wiedt

CiviwaL

41 151 (Autophagy) f& i K EURE A AT S M P T 0 — K M AR 12 . 20
B BABEILE T A S BUR M  S2 B T A K 4 T R AL 1 R B o LR,
FUETE A A KR B . SRR, IR PERET . R 7 T T3 TR
RIS T F LS 00 4548, BAFE 2Lk Rk F2 o R SR MR ST —

RS R ORI BRI TR . A7 s, ST B
PRI RRIOHTIEIE, 38— 7% 1 AT PRI 4 FHUEEL, R3PS U 5 B 2 A B W
VA, B AL W R A AR O, 4R T AL 2 MR B SR
T AT

k=

27



RO

|- RGOS S REEMRRL” EBESEERENLFITS

L

Regulation of Autophagy by Novel Pathways

Zhiping Xie

School of Life Sciences and Biotechnology, Shanghai Jiao Tong University, Shanghai

Autophagy is a basic function of eukaryotic cells. It is mainly responsible for the
removal of obsolete or damaged organelles and protein aggregates, in particular under
stress conditions. As both insufficient and excess autophagy lead to detrimental effects,
maintaining adequate autophagy activity is of critical importance to the health at the
cellular level. Our recent work has identified novel pathways involved in the regulation

of autophagy under starvation.

Keywords: Autophagy, Regulation, Metabolism, Ubiquitin.
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Mechanisms of intestinal stem cell regulation and homeostasis

Xinhua Lin
1, Institute of Genetics, School of Life Sciences, Fudan University, Shanghai 200438,
China
2, Institute of Zoology, Chinese Academy of Sciences, Beijing 100101, China

The Lin lab has been focused on the molecular mechanisms of morphogen gradient
formation, cell signaling, stem cell-niche interaction using Drosophila and mouse as
model systems. In the talk, | will present the recent studies of his lab on the molecular
mechanisms regulating morphogen signaling and intestinal homeostasis. Adult tissue
homeostasis is maintained by resident stem cells and their progeny. However, the
underlying mechanisms controlling tissue homeostasis are not fully understood.
Morphogens such as BMP, Hh and Wnt, are essential for developmental patterning. We
demonstrated that trachea-derived Decapentaplegic(Dpp), the main BMP ligand in
Drosophila, is essential for adult midgut homeostasis via organ-organ interaction. We
showed that Debra-mediated Ci degradation is important for intestinal stem cell (ISC)
proliferation in Drosophila adult midgut. We also demonstrated that Perlecan, an
essential ECM molecule, is critical for maintaining gut stem cell activity possibly via
stem cell-Matrix interaction. Recently, our lab has been focused on the mechanisms by
which JAK/STAT pathway regulates ISC activity and homeostasis. Finally, | will also

introduce our recent studies in intestinal homeostasis using mouse as a model system.
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