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Molecular Mechanism Governing
T Cell Development
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Project Leader: Linrong Lu

The body's immune system relies on a spectrum of highly differentiated immune
cells to combat external microbial infections. T lymphocytes play important roles in
the immune responses, including directly killing of virus-infected or tumor cells and
helping B cells to generate antibodies. T cell dysfunctions are coupled with a variety
of diseases: congenital T-cell deficiency in infants increases susceptibility to fungi,
viruses, protozoa and other infections; Individuals who have abnormal T cell function

were 100-300 times more susceptible to tumor occurrence.

Therefore, the development, differentiation and maturation mechanisms of
lymphocytes have long been important field of the basic immunology research.
Our research team for the first time discovered and named a new molecule named
Tespal which is involved in T cell development, which uncovered a new
mechanism in regulating of T cell development.

In this project, we utilized various modern molecular biology and immunology
technologies, including cytometry analysis and sorting, co-immunoprecipitation,
small RNA interference and transcriptome sequencing.

During their development process, T lymphocytes undergo two important stages
termed positive and negative selection in order to develop into mature and
self-tolerant CD4 or CD8 single positive cells before migrating to the peripheral
immune organs. This process is dependent on TCR complexes on cell surface.
Qur results showed that, Tespal is involved in the formation of LAT complex
downstream of TCR signaling. In Tespal deficient mice, the number of both
mature CD4 and CD8 single positive cells significantly reduced. Further analysis
suggested that Tespal deficiency led to blocked TCR signaling and improper
assembly of LAT complex. These results confirmed that Tespal is a key molecule

in regulating of T cell development.

This work has been published on  {Nature Immunology) (IF=26) in May 2012.

Immunologist Nicholas Gascoigne for Scripps Research Institute commented on
our study on the same issue of {Nature Immunology » , he said that it is a surprising
finding in the field. This research extends our understanding on T cell development
and T cell signaling, thus might provide a new therapeutic target in clinical diagnosis
and treatment of T lymphocyte-associated diseases.

Proposed model for Tespal
function: Upon TCR activation,
Tethys is recruited to the LAT
signalosome, where it interacts
with Grb2 and PLC-yl. This
interaction somehow stabilizes
the formation of the signal
complex and ensure the
activation of downstream Erk
and Calcium signaling pathways.

The paper has ranked second of the 10 articles in the monthly downloads on
Nature Immunology website in the month of its publication.

In "Faculty 1000" website, several famous scientists in the field of T cell development,
including Professor Nicholas Gascoigne from Scripps Research Institute, Professor
Amnon Altman from La Jolla Institute's of Allergy and Immunology and Professor R
my Bosselut from NIH-NCI, wrote special comments on our work, noting that our
study revealed a new member involved in regulating T cell development, suggesting
that the regulation mechanism of T-cell differentiation and development is a far more

complicated than we thought.

This work was carried out entirely by domestic researchers. Corresponding author
of this paper is Professor Linrong Lu from the Immunology Institute and PMCB.
The first author is Associate Professor Di Wang and PhD student Mingzhu Zheng.
Other co-authors include graduate student Lei Lei, Jian Ji, Yunliang Yao, Yuanjun
Qiu, Lie Ma, Jun Lou, Chuan Ouyang, Xue Zhang, Xuetao Cao, Lie Wang and
Jianli Wang.
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Digital Health Pushes Healthcare Reform
Forward and Boosts Health Service Capability
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Project Leader: Lanjuan Li
(2) For the first time, the project created ten key nodes electronic healthcare records cases of the remote critical ilness consultation, and more than 1,000 times remote
(EHR) which covered every aspects of person throughout life-long and such kind of education are conducted.

EHR have been applied in the demonstration area. Since the deployment of the new

Healthcare information technology is one of the key technologies for the target of s EHR system, there have been uploaded more than 16 million copies of standardized (6) Laid the foundation for the innovation capability of China's medical and health
healthcare reform: everyone has the right to enjoy basic healthcare services. TR 2 BRAMSHGA BRI KRB AL ERFEEAALAAARN LS electronic health records in the demonstration area. At present, all of 90% of the research in the field of information technology. Made a series of research progress in
Since the 1990s, Zhejiang, Shanghai, Jiangsu and other provinces began the s - ¥ &‘ S Do i ‘ residents in the demonstration area have their own EHR, and achieved the goal of the medical comprehensive information management, clinical pathway ontology
exploration of the medical and health information construction. After more than ‘ M standardized management of the residents' health information. modeling method, electronic clinical data exchange, the key technology reached the

10 years of development, the level of China's healthcare information has made

considerable progress. However, with the development there are a series of
problems presented: lack of standardized electronic health records and

electronic medical records; lack of standards-compliant national, provincial, city
and county health information platform; lack of business collaboration and
information sharing among provincial hospitals, municipal hospitals, county
hospitals and community health agencies; lack of integration and communication
between hospital card, social security card, farmer's insurance card and bank card
system. Thus there are barriers for the communication between each of the public
health service system, medical services system, new rural cooperative system,
essential drug system and comprehensive office management information.

The resulting is islands of information systems, thus it is difficult to hamess the
technology advance and to share and to collaborate between

different subjects and services.

In 2007, Professor Lanjuan, Li, the vice president of the Chinese Institute of Health
Information, also the member of Chinese Academy of Engineering, jointed number
of famous experts, academicians and scholars, and traced the trends of modern
healthcare, and seek the actual needs of China's medical reform, then initiated the
"healthy face-to-face “"plan of action: by using of computers and the new generation
of network technology, she conducted research and application of the digital health
model to construct regional healthcare information system, and to achieve a high
level of healthcare system performance. In 2009, the Eleventh Five-Year key project
of National Science and Technology Support Program - National Digital Health key
technologies and regional use of demonstration "project was officially approved,
professor Li was assigned as the project leader.

This project focused in bringing the computers and the new generation of network
technology to the current healthcare system to build refreshing regional healthcare
information based system.

(1) From the actual needs of the healthcare information standardization the project
developed a series of suitable healthcare information standards, which fulfilled the
demand for healthcare system. There were 66 standards developed, which can be
classified into 13 classed. Eight of the standards were adopted as industry
standards released by the Ministry of Healthcare, and Eight of them were released
as provincial local standards. These standards can be used to guide the
development of new medical and healthcare information system.
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(8) The project created standardized clinical pathways and knowledge support
hospital information systems which made use of the technology of "the Intemet of
Things". After using the creation, the whole healthcare process in hospital was
standardized, well refined, and integrated. The level of diagnosis and treatment were
greatly enhanced, and the quality of medical services was under control. The clinical
pathway oriented hospital information system integrated with 92 clinical paths, and
with 168 kinds of diseases embedded. Such hospital information systems have
been deployed in more than 100 hospitals across the country.

(4) For the first time the project build a unified, standardized regional health
information platform system for three administrative levels: province, cities in the
province, and counties in a city. The platform was first applied to Zhejiang Province,
and thus covered the Zhejiang provincial level, also a district city and 22 different
counties in the province, achieving more than 16 million residents of electronic
health records and electronic medical records which uploaded from more than 108
secondary hospitals. And so a new area wide healthcare information service pattemn
is emerging: the regional health information platform serve as the hub, resident card
as a link terminal, the resident electronic health records and electronic medical
records serve for the core repository of health information, aftwards, healthcare
information sharing among medical business collaboration service agencies

become smoothly.

(8) Practice new healthcare pattems, such as remote intensive cases consultation,
remote continuous monitoring, remote virtual beds, remote booking service, remote
medical education, remote departments cooperation, health examination regional
hospitals, three-level bilateral referral services, etc. And the project established an
open third-party operating mechanism for the formation of many-to-many network
medical services platform, to achieve high-quality medical resources sharing, to
optimize the use of resources, and to promote the urban and rural medical and
health services equalization. These patterns had been used to connect the
province's 10 provincial level hospitals, more than 150 cities and counties hospitals,

more than 500 community health service institutions. A total of more than 20,000

international advanced level. The project pioneered the process control theory PDCA
cycle process in the design of electronic medical records system, and firstly
proposed clinical pathway ontology modeling, clinical data exchange and
communication, standardization, interoperability and other technical problems, as
well as privacy protection, the legal environment, the insurance system, different
language translation and other non-technical problems, all of these issues have
innovative solutions and experimental verifications.

In addition, the project also achieved 55 national software copyright registrations,
published 11 "Digital Healthcare Series" books, and published 99 papers in the
magazines including "JAMIA". The success of the project wined the praise of leaders
from domestic and foreign experts at all levels, key technologies and the products
of the projects have been widely used in the province of 22 demonstration zones
and also used in other demonstration provinces such as Jiangxi, Guizhou, Sichuan ,
Hubei, Xinjiang, Liaoning, Qinghai, etc.

The application of the project effectively enhanced disease prevention and control,
emergency public health affair response capacity, and improved the quality of
medical services, healthcare services equality and advanced the healthcare reform.
The project help to achieve the breakthrough in information fragmentation, to integrate
medical resources, to optimize service processes, to improve the efficiency of
medical treatment, to reduce medical costs, to harmonize relationship between
doctors and patients, to protect the health of the public, and to achieve the goal of
universal equally access to basic health services in the demonstration area. For the
first time the healthcare information in the province was organized as a whole unit,
the success of the project was benefit from the top-level design of key technologies
and achievements of the projects, and also benefit from intensive cooperation among
the multidisciplinary field of experts majored in healthcare, information and
communications, public administration, standards, with their collaborative innovation
and diligent research and development of health information system. The widely
propagations of the project will reach far-reaching impact, really play the role of
technical support for health care reform, health services, and promote healthcare
level into a new generation.
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Unraveling a Novel Mechanism for
Tumorigenesis of Stem Cells
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Project Leader: Ying-Jie Wang

Pluripotent stem cells are immortal and multipotential 'seed' cells in the human body.

When defects arise, they will be quickly removed or converted via apoptosis or

Reciprocal Regulation of Akt and Octd
Promotes the Self-Renewal and Survival
of Ei nal a Cel

differentiation processes to ensure the propagation of healthy and normal 'seeds'.
However, if the defected stem cells somehow overcome the apoptotic barrier and

become tumorigenic, they can give rise to a small subgroup of hard-core tumor cells

known as ‘cancer stem cells' that are highly resistant to both chemotherapy and

radiotherapy. Accumulating experimental evidence has demonstrated the existence

of cancer stem cells and their critical roles in the occurrence, progression, metastasis

and relapse of various cancers, and there is a growing consensus that targeting

cancer stem cells hold the promise for eradicating cancer. Surprisingly though, little

was known about the underlying mechanisms that trigger the transformation of normal

stem cells to cancer stem cells. On November 30th, 2012, a research team jointly

led by Prof. Ying-Jie WANG at the First Affiliated Hospital of School of Medicine and
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Prof. Binghui SHEN at the College of Life Sciences, Zhejiang University, reported
their findings as a Featured Article in Molecular Cell entitied Reciprocal regulation of
Akt and Oct4 promotes the self-renewal and survival of embryonal carcinoma cells |,

unraveling a novel mechanism for tumorigenesis of stem cells.

Active Akt s+ b

The research team discovered that the master pluripotency factor Oct4 can be

phosphorylated by Akt in embryonal carcinoma cells, the malignant counterpart of

embryonic stem cells and a model for cancer stem cells at the embryonic stage.
QOct4, one of the markers for embryonic stem cells, plays an essential and

indispensable role in maintaining the self-renewal of pluripotent stem cells as well as ) _ #9 xonagratt P19 senogrst
in inducing iPS cells. Moreover, accumulating literature has documented the ) )

detection of Oct4 mRNA and protein in a variety of cancer cell lines and solid tumor

Pr—

specimens but Oct4's mechanism of action remains largely unclear. Akt is a T
serine/threonine kinase that can suppress cell apoptosis and promote cell survival via

phosphorylating a vast array of its target proteins. Aberrantly activated Akt and its

signaling pathway has been found to be frequently associated with various cancers,

testifying its central position in cancer cell biology. The current project has established

a novel connection between Oct4 and Akt, the two central regulators in stem cell

and cancer cell biology, showing that Akt phosphorylated Oct4 at threonine 235.

This site-specific phosphorylation remarkably promoted the pluripotency and

self-renewal of embryonal carcinoma cells by enhancing the stability of Oct4 protein,

the interaction between Oct4 and Sox2, and the binding of Oct4 to its target genes.

Once phosphorylated by Akt, Oct4 can activate the
transcription of AKT gene in a positive feedback
manner, thereby reinforcing the 'Akt-Oct4 regulatory
circuit' that led to strengthened anti-apoptosis and
survival of embryonal carcinoma cells. The elucidated
reciprocal regulation of Akt and Oct4 revealed a novel
connection between the self-renewal and apoptosis
of stem cells and explained the main cause why
malignant stem cells can escape from apoptosis.

It unraveled a novel and important mechanism
underlying the tumorigenesis of stem cells and the
formation of cancer stem cells and therefore
represents a major breakthrough in cancer stem

cell research.

This work was soon reported as a front-page story
and subsequently listed as one of China's top sixteen
major life science discoveries in year 2012 by China
Science Dally. It was also widely reported by the

national and local mainstream media such as China

Daily and Zhejiang Daily. The article used to be
ranked as No. 1 most-read article published during
November and December 2012 in Molecular Cell
and attracted numerous attentions worldwide.
Nature China highlighted this finding with a title of
Stem cells: Caught in the act , pointing out: such
enhancement of self-renewal and survival would
explain why cancer stem cells are so difficult to
eradicate using conventional chemotherapies. More
importantly, Akt could well offer an effective drug
target for kiling cancer stem cells. The discovery
was also highlighted by Science Signaling and
Chinese Journal of Cell Biology. Prof. Ying-Jie
WANG was invited to present this work at the 4th
Annual City of Hope International Stem Cell
Symposium, the 3rd Annual Conference on Chinese
Stem Cell Research and the 5th Guangzhou
International Conference on Stem Cell and

Regenerative Medicine, respectively.
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This work was conducted by a research team at
Zhejiang University jointly led by Prof. Ying-Jie WANG
and Prof. Binghui SHEN, and financially supported by
an internal grant from the State Key Laboratory for
Diagnosis and Treatment of Infectious Diseases, a
start-up fund for Thousand Talents Program Scholar,
Zhejiang University, and a 863 project of Ministry of
Science and Technology of PR China. The researchers
at the Colleges of Animal Sciences, Life Science
Institute, Zhejiang University, and the international
collaborators at the University of Pennsylvania and City
of Hope National Medical Center also contributed to
the work. Yuanji LIN, Ying YANG and Qi CHEN at
Zhejiang University were listed as the co-first authors

for the above-mentioned article.
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