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3) MLEZEBRERTHEELZERTINGEFTR FEOURTE)

TSINGHUA IMPLEMENTATION OUTLINE

THUSM-UPSOM Program for Clinical Education and Research

Establish a Tsinghua University School of Medicine (THUSM)-University of Pittsburgh School of
Medicine (UPSOM) Program for Clinical Education and Research at Tsinghua University—Discuss
this program with Tsinghua colleagues in April 2012.

Pre-Planning

To generate interest among the Pitt faculty for the Tsinghua program and students, Dr.
Jeremy Berg will make a brief presentation about the program at one of the upcoming
School of Medicine chairs meetings (scheduled for 9 January 2012). Based on the Pitt
lab visits arranged for the Tsinghua team that visited in October 2011, Pitt faculty are
already highly enthusiastic about the collaborative opportunity this program presents.
However, it’s important to develop buy-in across the board and respond to faculty
questions.

o Maggie will develop a “what am | signing up for” bullet page for potential Pitt
mentors

To assure that Tsinghua students are prepared for their Pittsburgh experience, Dr. Jeremy
Berg has prepared the following list of basic laboratory techniques with which the
students should be familiar before their arrival in Pittsburgh. If necessary, Tsinghua will
develop a special “laboratory boot camp” program to be sure the students have covered
this list of techniques.

o Proteins
= SDS gel electrophoresis
=  Protein purification
e Column chromatography
=  Western blotting
o Nucleic acids
=  Gel electrophoresis
= Polymerase chain reaction
=  Southern blotting

= Restriction mapping
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o Molecular and cellular biology
= Bacterial cell transformation
= Basic mammalian cell culture, transfection, and immunocytochemistry
o Informatics
= National Center for Bioinformatics (NCBI) tools
e Searching

e BLAST (Basic Local Alignment Search Tool)

Research Program

e Plan for the arrival of Tsinghua students in August 2012. The formal academic year
begins on 27 August. The students should arrive on 19 August for a week of orientation
before they begin their programs.

o In early 2012, Tsinghua needs to send the following information about every
student to Pitt (it may be good to get one or two samples first so we can indicate
whether the information is sufficient)

= Name and program affiliation (MD or PhD); there will be 17 MD and 8 PhD
students in the first cohort.

= Resume or CV
=  TOEFL or IELTS scores or the equivalent from a Chinese exam
=  Transcript from Tsinghua, with English translation

= Personal statement by each student on his/her research interests and
skills/experience

o Based on the students’ backgrounds/experiences, Pitt will compile a list of
potential principal investigators and laboratories/research settings that may be
“good fits” for the Tsinghua students and will share this information with Tsinghua.

o During the first two weeks in Pittsburgh, the THUSM students will:

=  Receive basic University orientation through the Office of International
Services (OIS)

= Get an orientation to the campus and the city, including a briefing by Pitt
security on campus and city safety and how to obtain help when needed.

= Receive assistance settling in to their apartments
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Classification and Functions of Epithelial Tissue

Two Types

(1) Covering or Lining Epithelia: Covering, lining, and protecting surfaces (e.g. skin)
Absorption (e.g. the intestines)

@ Glandular Epithelia: Secretion (e.g. the epithelial cells of glands)

- Specialized myoepithelial cells: Contractility (e.g. myoepithelial cells)

- Specialized sensory cells (taste buds, olfactory epithelium)

Covering or Lining Epithelia ' Glandular Epithelia

PRELRME GBI

Colorectal cancer (Morphology in gross)

Polypoid or fungating form:

Ulcerating form

Infiltrating form, also called constrictive form
Colloid form

®OEE

Polypoid form  Ulcerating form  Constrictive form Colloid form
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CLINICAL HISTORY:

An 80-year old male with a past medical history of dyslipidemia
CILARRERS ) |, hypertension, gout (Jfi/A) and prostate cancer
was evaluated for peripheral blood lymphocytosis.

Lab Test
Patient
Value
wac 15.3 X10B+9/L (]
RBC 4.81 x108412/L
Hgb
Het
wew
wew
wec
son piay
LT 218 X108+9/L
Peripheral Blocd R8BS,
Differential No. Normal Range (ABS)
roLs mov  ( 4am (2.26 - T.68)
LYMPRS 640 % ( 9.79) M) (0.80 - 3.6%)
omiyaTe Lee 10 % ( 0.1%)
yosos sov (0.7 (0.30 - 0.90)
BOS 3.0% t 0.46) M) (0.00 - 0.40)

The complete hemogram (Fig. 1) and peripheral blood smear (Fig. 2) demonstrated
absolute lymphocytosis, including many large granular lymphocytes (Fig. 3), some
intermediate in size with abnormal nuclear contours. Based on a 100-cell lymphocyte
count, 66% of all lymphocytes were large granular lymphocytes. Absolute large granular
lymphocyte count = 6,461 per microliter.

Peripheral Blood Smear

PRV ARE
S AL
18,
o,

The complete hemogram (Fig. 1) and peripheral blood smear (Fig. 2) demonstrated
absolute lymphocytosis, including many large granular lymphocytes (Fig. 3), some
intermediate in size with abnormal nuclear contours. Based on a 100-cell lymphocyte
count, 66% of all lymphocytes were large granular lymphocytes. Absolute large granular
lymphocyte count = 6,461 per microliter.

Bone marrow aspirate

ne Marrow Adult
Differential Patient Mean mal Range
Blast 0.3 % 1.0 { 0.0 - 2.0)
Promyelocyte 0.3 3.0 ( 2.0- 4.0)
Nyelocyte s34 12.0 ( 8.0 - 16.0)
wetamyelocyte 9.0 % 17.0 (10,0 - 25.0)
Band 5.0 % 2.0 { 9.0 - 218.0)
s 738 9.0 ( 7.0 - 4.0
2os Myelo/meta 1.7 % 2.0 ( 1.0 - 4.0)
00t 1.0 ( 0.0- 3.0
P 10 ( 10- 2.0
03t 0.0 ( 0.0- 0.2)
3.7 % 1.0 ( 0.0- 2.0
Pronormoblasts 0.0 % 1.0 { 0.0 - 1.0)
Normoblasts 23.0 % 24.0 (16.0 - 32.0)
28.0 % 16.0 (110 - 23.0)
Plasma Cells 1.3 % 2.0 { 0.0 - 3.0)
Other 0.0 %
¥yelotd/Erythrotd(ratio) 2.1 2.4 1s- 33
Tot. & of Cells counted 300

A bone marrow aspirate showed hypercellular marrow with a normal differential
(Figs. 4 and 5) on biopsy and touch imprints (Fig. 6) showed an increased number of large
granular lymphocytes.

Bone marrow aspirate

A bone marrow aspirate showed hypercellular marrow with a normal differential
(Figs. 4 and 5) on biopsy and touch imprints (Fig. 6) showed an increased number of large
granular lymphocytes.

Immunohistochemical stains performed on bone marrow biopsy showed an
increase in CD3, CD2, CDS, CD7 and CD8 positive T cells forming ill defined
aggregates and also a few scattered CD56, CD57, TIA1 & Granzyme B positive cells
(Figs. 9 and 10)

Flow Cytometry
i% =
H k|
H o
B
o] |
A K il

Flow cytometry studies (Fig. 11) performed on the bone marrow demonstrated 46%

bright CD45+ (lymphocyte) events and 3% CD14+ monocytes. T and NK cell marker

analysis (Fig. 12) shows a prominent population (26-30% of total) of NK-like T-cells

with CD2+, CD3+, CD5+, CD7 (dim+), CD56+, CD16/57+, CD4-, CD8+, T-cell receptor
Ipha-bet: i in blue on Fig.12).

Southern Blot & PCR

P Pt Ton Tl 4 1958 1,08 4

Cytogenetic studies showed a normal male karyotype 46,XY, molecular studies
showed that Southern Blot (Fig. 13, positive bands [white arrow] ) and PCR (Fig. 14,
positive bands in V1-8 & V9 [rose arrows] ) were positive for clonal B chain and y
chain T-cell receptor gene rearrangements, respectively.

Final Diagnosis:

T-Cell Large Granular Lymphocytic Leukemia
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Program | Rotation 1 Rotation 2 Rotation 3 Rotation 4
MD Yoel Sadovsky Judith Yanowitz Kyle Orwig Eric Lagasse
MD Elodie Ghedin Pat Moore/Yuan Chang | Lee Harrison Olja Finn
PhD Takis Benos James Faeder Gonzalo Torres Elodie Ghedin
MD Tim Greenamyre Adrian Lee Paul Monga Jenny Grandis
PhD Ernesto Marques Wen Xie Ben van Houten Bruce Freeman
MD Don Burke Angela Gronenborn Nic Sluis-Cremer Mike Parniak
PhD Ivet Behar Rieko Ishima James Conway Peijun Zhang
MD David Hackam Ed Prochownik Jenny Grandis Joe Glorioso
MD Angus Thomson Fadi Lakkis Robert Ferris Ira Fox
PhD Robert Ferris Tom Smithgall Cary Wu Meir Aridor
MD Tim Billiar Robert Friedlander Michael Lotze Ed Chu
MD Bea Luna Don DeFranco Linton Traub Robert Ferrante
PhD Bino John Ivet Bahar Robert Turner Carlos Camacho
MD Michael Tsang Cecelia Lo Rocky Tuan Art Levine
George

MD

Michael Lotze Ben van Houten Michalopoulos Cary Wu
MD Susan Amara Charleen Chu Russ Salter Clayton Wiley
MD Eric Lagasse Rocky Tuan David Vorp Bill Wagner
MD Ed Prochownik Bill Klunk Ed Chu Paul Monga
MD Binfeng Lu Tim Billiar Ira Fox Fadi Lakkis

Pat Moore/Yuan

MD

Rob Sobol Chris Bakkenist Chang Cecelia Lo
MD Linton Traub Robert Ferrante Ed Burton Peter Strick
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Co-mentor in

order Scholar Laboratory in Pitt | Program )
Tsinghua
1 | Guojing (Novea) Chang Yoel Sadovsky MD Jie Na
2 | Lijia (Celia) Cui Elodie Ghedin MD Lingi Zhang
3 | Qingyang Ding Jim Faeder PhD Gang Liu
4 | Yu (Daphne) Du Jenny Grandis MD Zhijie Chang
5 | Yang Gao Bruce Freeman PhD Gang Liu
6 | Tianhua (Tiffany) He Don Burke MD Lingi Zhang
7 | Feizhuo (Kaitlyn) Hu Ivet Bahar PhD Gang Liu
8 | Aofei (Pascal) Li Joe Glorioso MD gongcheng
9 | Guanquio Li Mike Lotze MD Li Wu
10 | Jing Li Robert Ferris PhD Gang Liu
11 | WeilLi Robert Friedlander | MD Guosong Liu
12 | Li (Mary) Ma Linton Traub MD Haitao Li
13 | Wenzhi Mao Ivet Bahar PhD Gang Liu
14 | Luxi (Lucy) Sun Art Levine/Li Lan MD Guomin Li
15 | Jingnan Wang Ben van Houten MD Dong Wang
16 | Hao (Kilits) Wu Don DeFranco MD Qin Shen
17 | Jing Wen Xue (Wendy) Rocky Tuan MD Yanan Du
18 | Wei Yang Ed Chu MD Gang Liu
19 | Xi (Cath) Yang Binfeng Lu MD Hai Qi
20 | Zhongxun (Albert) Yu Rob Sobol MD Zhijie Chang
21 | Yangzhong (Hubert) Zhou | Ed Burton MD Jisong Guan
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2012 TSINGHUA FINAL SCHOLARS EVALUATIONS
Name Mentor Project Activities Strengths/Weaknesses Final
o B N R Year2 | MLB | Grade
Guojing Yoel Sadovsky, Research targeting the Guojing continued m her pursuit of | Guojing 1s a most talented A- A A
(Novea) MD transport of miRNA trafficking among the student. She is intelligent,
Chang microRNAs maternal-placental-fetal interfaces. | focused, and perseverant. She is
(miRNAs) among the She has rapidly learned new skills also technically very capable,and
maternal, placental, in lentivirus -based miRNA was not afraid to learn new skills
and fetal transduction of lentiviruses, with and protocols. Her progress over
compartments i vivo. subsequent embryo transfer and the two years was extraordinary.
PCR-based analysis of miRNA At the end of her stay here, she
expression in maternal, placental, has markedly advanced her
and fetal tissues. During the final scientific proficiency. In
term she also engaged in addition, she was also a very
fluorescence in site hybridization good lab citizen. Although her
and splink PCR for 1 10 science remains
transgene location. Finally,, uncertain, [ am sure that the
Guojing assisted in another study, knowledge she gaied, coupled
in which she used immuno- with insights into the scientific
fluorescence to localize FABP4 in | process, will tremendously help
the mouse placenta. This work led | her in her academic pursuits,
to a published manuscript, on which
she is a co-author (Makkar A,
Mishima T, Chang G. Scifres
C, Sadovsky Y. Fatty Acid Binding
Protein-4 1s expressed in the mouse
placental labyrinth, yet is
dispensable for placental
triglyceride accumulation and fetal
(| | ) growth. Placenta. 2014 Jul 24). |
Lijia Cu Elodie Ghedin, Lijia has been working on | Lijia completed analyses of the Lijia 1s highly motivated, smart, At A+t
PhD two fronts: fungal work she did for the lung a team player, and a very hard
microbiome project, contributed worker. Her only weakness at
She has been analyzing analyses 1o other projects in the lab, | the beginning was some
data from a prelimmary and wrote many papers. In the last difficulty m writing papers in
microbiome study, where | term, she wrote two papers as first | English. She has improved
we were testing some new | author and contributed to three tremendously and now her text
protocols. other papers and one book chapter. | requires just some minor
copyediting.
As a side project, Lijia
performed genomic
analyses on a family of
viruses that were isolated
from insects and that we
sequenced.
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High-throughput neurobehavioral phenotyping in zebrafish models of

Parkinsonism
Yangzhong Zhou "¢, Qing Bai 7, Amanda Mortimer ', Edward A. Burton %2345

1) Pittsburgh Institute for Neurodegenerative Diseases, Department of Neurology, Pitt, PA; 2) Department of Microbiology and Malecular
Genetics, Pitt, PA; 3) Department of Neurology, VA sburgh Healthcare System, PA; 4) Geriatric Research, Education and Clinical Center, VA
Pittsburgh Healthcare System, PA; 5) Division of Movement Disorders, Pitt, PA; 6) Tsinghua University, Beijing, China
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INTRODUCTION

+ Zebrafish s a new model: Zebrafish CNS have extensive phylogenetic
conservation compared with human an both the cellular populations
and neural circuts. Well-established tool-boxes for genetic
manipulations and imaging have been developed and abundant
knowledge has been collected for its neural development in literature.

* Parkinsonism (PD): As a highly prevalent akinetic-rigid movement
disorder, PD is characterized with selective degeneration of dopamine
neurons in the substantia nigra, Only symptomatic treatments are.
available by now.

* MPP*induced PD model: 1-methyl-4-phenyl-1.2,3,6-
tetrahydropyridine (MPTP) is applied to mice to induce parkinsanism,
which can be transported into the DA neurons of substantia nigra by
DA transporter (DAT) and cause progressive cell death. MPP" is the
active form of MPTP.

Neurobehavioral phenotyping: In order to develop screening assays
suitable for exploitation of zebrafish PD models, we have analyzed
aspects of zebrafish motor functian that: (i) rely on dopaminergic
function; and (i) can be measured in 96-well plates by videographic
analysis. We have developed methodology with optimized signal:noise

for of larval motar and
determined how larval zebrafish motor functions are altered by
exposure to the dopaminergic neurotoxin MPP+.

MODEL & METHODS

Figure 1. LSR has superior signal noise ratio in automated analysis of
zebrafish movement
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Figure 3. MPP long term treatment ablates DA neurons and shows
specific movement defects
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Fish were treated with MPP* from 2dpf and behavior assays were
performed on 5dpf (A) and 7dpf (B). On 5dpf, 2 significant reduction was
shown in both dark light recording (A) and light spontancous recording
(€)- On 7dpf, there was a specific phenotype characterized as loss of
habituation in darkness (B). Best linear fitting algorithm was applied to

the movement curves in the darkness and the slopes were quantified (D).

The slopes were significantly reduced after MPP* treatment (E). Whole
mount staining with TH antibody was carried out and quantified by
manual counting. MPP" treated fish showed significant dopamine
neuronal loss in telencephalon, pretectum and diencephalon (F).

Figure 4. MPP" short term treatment causes loss of habituation in
darkness
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A, Video recordings of zebrafish moving in the wells of multi-well plates
are analyzed using custom software LSR (MATLAB’) with tracking.
panel] of panel). B. An overlay
plot shows the path traversed by each larva in 96-well plate over 10
minutes of recording. C. A single recording was tracked with both LSR
and a commercial software ViewPoint”. VP-convert” was composed to
pull out raw data from VP package and then compared them with LSR
results on MATLAB platform, The instantaneous velacity plot here for
several episodes shows that LSR gives better signal/noise ratio,
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Fish treated with MPP* from 4dpf showed loss of darkness habituation
phenotype on 6dpf (A). 13 replicates were tested and the slopes of
movement curves in darkness were quantified by best fitting linear
algorith (B). Baseline spontaneous activity in light phase was.
quantified by averaging the movement In the last 905 (A. blue box)
The treated group showed significant reduction in darkness
habituation (B), but the baseline activity was not affected as
significant. This Implies darkness habituation slopes may serve asa
better parameter to reflect and quantify the treatment phenotype
compared with baseline activity. To illustrate that, “strictly
standardized mean difference”(SSMD) was calculated for these 13
replicates with their slopes to evaluate the quality control for this
assay (D,E). Every 4 fish were clustered into one group to obtain the
slopes and represented as a single dot in D. Then the SSMD w
calculated as the equation shown in E. Majority of the dots fe
[-2,+1]. S0 this assay should be categorized as a good one with
moderate control based on the judging criteria (F).

especially for small movements. D, Dark-light recarding and light

recording protocols are shown separately. Fish are settled down for
30min before recording.

Figure 2. Long term and short term MPP*{1mM) treatment procedures
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We treated fish with protocols of long term MPP* treatment (A) and
short term treatment (B). For long term treatment, fish had severer
phenotypes and higher death rate.

Figure 5. The loss of darkness habituation phenotype is dopamineric
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Apomorphine and ropinirole are agonists of dopamine receptors used
ta treat the symptoms of Parkinson’s disease. After washing the fish
out of the short term MPP treatment, apomorphine (A} and ropinirole
(B) were added into the water. And both drug could rescue the loss of
darkness habituation phenatypes effectively and specifically. This
implies the phenotype Is dopaminergic. Tetrabenazine(T8Z) is 2 type 2
vesicular monoamine transporter (VMAT2) inhibitor. It depletes
dopamine stores. However, fish treated with TBZ only showed a
reduction in baseline activity while the darkness habituation was not
affected. Whole mount brain staining with anti-TH antibody didn’t
reveal any DA cell loss 2 shown In the long term treatment (D). Newuro-
chemistry analysis with HPLC showed dopamine was reduced
significantly in both MPP* and TBZ treatment (E). Dopamine turnover
rate ( (DOPAC + HVA)/DA) was calculated and only TBZ treated fish
showed an significant increase (F). For MPP* treated fish, the turnover
rate was not affected.

Conclusions

Importance: Anovel dark-light recording assay is developed to
evaluate the functian of dapaminergic system In larval zebrafish. We
ate the robustness and sensitivity of the assay to the early subtle
damage caused by the short term MPP” treatment.

Custom automated tracking set-up LSR is optimized and guarantees
more reliable signal/noise ratio, allowing straightforward
quantifications of zebrafish larval movement in multi-well plates in a
high through-put fashion, Varlous parameters, connected with various
functians of neural circuits, can be readlly quantified on different
experimental conditions for different fish models.

Long term MPP* treatment impairs spontaneous movement, causes
extensive DA neuranal loss. Besides that, we can see a loss of
darkness habituation phenotype in treated fish. This treatment may
affect the fish brain development as well because the dopamine
system just starts formation on 2dpf, Cansidering this, we further
developed the short term treatment protocol.

Short term MPP" treatment causes specific defects in photo-motor
responses without affecting spontaneous movement quite much. This
phenotype can be quantified by applying a best linear fitting
algorithm to the movement curves in darkness and calculate the
slopes. We use SSMD to evaluate the quality control of the
parameters and assays. And based on the statistical judging criteria,
this assay can be considered as a good assay with moderate control.

We further investigate the mechanism of the loss of darkness
habituation phenotype. We found both apomorphine and ropinirole
can rescue the phenotype effectively without causing any observed
side-effects on movement. There is no observed dopamine neurenal
loss in treated fish. HPLC neuro-chemistry measurement shows 8

significant reduction in DA level but the DA turnover s not affected.

Tetrabenazine(TBZ) can depletes dopamine stores by inhibiting the
VIMIATZ transporter in presynzptic DA neurans. Treatment can causes
increase in DA turnover and reduced DA level. However, TBZ
treatment only reduces the baseline spontaneous activity without
affecting the darkness habituation. This implies TEZ and MPP* may
have different mechanisms for their phenotypes.
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ABSTRACT

Cellular DNA is organized into chromosomes
and capped by a unique nucleoprotein structure,
the telomere. Both oxidative stress and telomere
shortening/dysfunction cause aging-related degen-
erative pathologies and increase cancer risk. How-
ever, a direct connection between oxidative damage
to telomeric DNA, comprising <1% of the genome,
and telomere dysfunction has not been established.
By fusing the KillerRed chromophore with the telom-
ere repeat binding factor 1, TRF1, we developed
a novel approach to generate localized damage to
telomere DNA and to monitor the real time dam-
age response at the single telomere level. We found
that DNA damage at long telomeres in U20S cells
is not repaired efficiently compared to DNA dam-
age in non-telomeric regions of the same length in
heterochromatin. Telomeric DNA damage shortens
the average length of telomeres and leads to cell
senescence in HeLa cells and cell death in Hela,
U20S and IMR90 cells, when DNA damage at non-
telomeric regions is undetectable. Telomere-specific
damage induces chromosomal aberrations, includ-
ing chromatid telomere loss and telomere associa-
tions, distinct from the damage induced by ionizing

irradiation. Taken together, our results demonstrate
that oxidative damage induces telomere dysfunction
and underline the importance of maintaining telom-
ere integrity upon oxidative damage.

INTRODUCTION

Telomere DNA is characterized by the TTAGGG repeats
seen at the ends of chromosomes. This repetitive DNA
forms T-loops, a D-loop, and G-quadruplex structures (1)
and is capped by the telomere shelterin protein complex, in-
cluding telomere repeat binding factor 1 (TRF1), TRF2,
TIN2, TPPL, POT] and RAPl. Among these proteins,
TRF1 directly binds duplex TTAGGG repeats and specifi-
cally localizes to telomeres (2,3). Studies in a variety of hu-
man diseases, both inherited and acquired, yield ample ev-
idence that telomere dysfunction is a key driver of aging-
related degenerative pathologies and increased cancer risk.
The telomeres of different chromosomes may have differ-
ent impacts with respect to cell biology and disease. There-
fore, given the 92 telomeres in human cells, identifying the
impact of DNA damage at individual telomeres would be
potentially useful in exploring telomere biology and onco-
genesis (4-0). Oxidative stress seems to contribute to telom-
ere shortening that is particularly significant at the incom-
plete ends of replicated chromosomes (7). Stress-induced
damage is mainly caused by reactive oxygen species (ROS)
that are generated endogenously during cellular respira-
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Quantification of larval zebrafish motor function in multi-well
plates using open-source MATLAB® applications
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Abstract

This article describes a method to quantify the movements of larval zebrafish in multi-well plates,
using the open-source MATLAB® applications LSRtrack and [ SRanalyze. The protocol
comprises four stages: generation of high-quality, flatly-illuminated video recordings with
exposure settings that facilitate object recognition; analysis of the resulting recordings using tools
provided in LSRtrack to optimize tracking accuracy and motion detection; analysis of tracking
data using LSRanalyze or custom MATLAB® scripts; implementation of validation controls. The
method is reliable, automated and flexible, requires less than one hour of hands-on work for
completion once optimized, and shows excellent signal:noise characteristics. The resulting data
can be analyzed to determine: positional preference; displacement, velocity and acceleration;
duration and frequency of movement events and rest periods. This approach is widely applicable
to analyze spontaneous or stimulus-evoked zebrafish larval neurobehavioral phenotypes resulting
from a broad array of genetic and environmental manipulations, in a multi-well plate format
suitable for high-throughput applications.
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Sino-U.S. partnerships in research, education, and patient care:
The experience of the University of Pittsburgh and UPMC
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In 2011, the University of Pittsburgh School of Medicine (UPSOM) and Tsinghua University formed a partnership to further the
education of Tsinghua medical students. These students come to UPSOM as visiting research scholars for two vears of their
eight-yvear MD curriculum. During this time, the students. who have completed four years at Tsinghua. work full-time m medical
school laboratories and research programs of their choice, essentially functioning as graduate students. In their first two months in
Pittsburgh, the scholars have a one-week orentation to biomedical research, followed by two-week rotations in four labs selected
on the basis of the scholars™ scientific interests, after which they choose one of these labs for the remainder of the two years.
Selected labs may be 1 basic science departments, basic science divisions of clinical departments, or specialized centers that focus
on approaches like simulation and modeling. The Tsinghua students also have a brief exposure to clinical medicine. UPSOM has
also formed a similar partnership with Central South University Xiangya School of Medicine in Changsha, Hunan Province. The
Xiangya students come to UPSOM for two years of research training after their sixth year and. thus, unlike the Tsinghua students,
have already completed their clinical rotations. UPSOM faculty members have also paved the way for UPMC (University of
Pittsburgh Medical Center), UPSOM s clinical partner. to engage with clinical centers in China. Major relationships involving
advisory, trainmg. managerial, and/or equity roles exist with Xiangya International Medical Center. KingMED Diagnostics, First
Chengmei Medical Industry Group. and Macare Women's Hospital. Both UPSOM and UPMC are actively exploring other clinical

and academic opportunities in China.

medical education, research training, partnership
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INTRODUCTION several years ahead of earlier forecasts. However, the qual-

Between 2007 and 2012, China showed the largest percent-
age increase in biomedical research and development (R&D)
expenditures in the United States, Canada, Europe, and Asia-
Oceania—a 313.0% rise from about 2 billion USD to more
than 8.4 billion USD (Chakma et al., 2014). By 2020, China
1s predicted to out-spend the United States in R&D support.

*Comresponding author (email: mmaggie@pitt.edu)
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ity of some elements of Chinese science remains to mea-
sure up to that of scientifically-leading countries (Casassus,
2014: OECD, 2014). These elements include: (1) a develop-
ing peer-reviewed funding system that is not yet fully opti-
mized for supporting research that addresses the most impor-
tant questions; (2) resources concentrated in a small portion
of large and hierarchical laboratories: (3) undue pressure on
scientists to publish in high-impact journals; (4) mdividual
and institutional rankings based on quantity of publications
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in Science Citation Index (SCI)-catalogued journals rather
than on rigorous peer review to assess the quality of the work:
and (5) unbalanced investment in infrastructure development
rather than actual research (Ding 2001; Casassus, 2014; Cao
et al., 2013 Shi and Rao, 2010; Nature, 2006; Qiu, 2010:
Gerstner, 2015; Alberts, 2013). Recognizing these concerns,
a series of reforms to the Chinese science and technology sys-
tem initiated in 2014 aims to move Chinese science from a
derivative to an innovative model (Cao and Suttmeier, 2017).

As China’s science and technology strategy has become a
higher priority, the republic’s health care system has under-
gone its own evolution, which has been described as having
occurred in four phases: (1) When the People’s Republic of
China was established in 1949, a government-owned and -op-
erated health care system provided services to all citizens at
little or no cost. (2) When Deng Xiaoping became China’s
leader in 1978, he led the conversion of China to a market
economy in many sectors, including health care. which be-
came an cconomically less regulated, for-profit enterprise.
even though the government still owned the hospitals. This
system left many Chinese, especially those in more rural ar-
eas, burdened by health care costs unfamiliar to them. (3)
Around 2003, the Chinese government began offering insur-
ance to cover some hospital costs for rural residents, but this
reform provided limited coverage for prevention and primary
care. (4) By the first decade of the 21st century, China’s lead-
ership began making major reforms in the health care system,
including a commitment to provide all citizens with basic, af-
fordable health care by 2020. Today, 95% of the population
1s covered through a government-subsidized insurance sys-
tem: but the government has also returned to privatization as
a core strategy, allowing private investors to own up to 20%
of China’s hospitals (Yip and Hsiao, 2015).

Many of China’s leading biomedical researchers have
worked predominantly in nonmedical entities; many clini-
cians, whose education has focused mainly on diagnosis and
treatment, have had insufficient training to move research
advances into the clinical environment. It was against this
backdrop of China’s rapidly transforming science and tech-
nology and health care enterprises that Tsinghua University.
in 2011, approached the University of Pittsburgh School of
Medicine (UPSOM) about a collaboration. Tsinghua’s goal
was to develop the university’s new medical school based
on an innovative model designed to educate physician-sci-
entists, rather than just clinicians, to lead China’s future
health care and biomedical research enterprises. A year later.
Central South University Xiangya School of Medicine asked
whether it could work with UPSOM on a similar program.
Concurrently, UPMC, a 14 billion USD global health care
enterprise headquartered in Pittsburgh, PA, USA, and UP-
SOM’s clinical partner, was also receiving inquiries, as well
as seeking opportunities, to engage with clinical centers in
China.
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UNIVERSITY OF PITTSBURGH PARTNER-
SHIPS IN CHINA

The University of Pittsburgh School of Medicine (UPSOM)
operates on a global stage. with active collaborations connect-
ing Pittsburgh with China, Colombia, France, Ghana, Hon-
duras, India, Italy. Kazakhstan, Malawi, the Philippines, and
many other nations. Since 2012, the School of Medicine
has had highly successful collaborations with two premier
institutions of higher leaming in the People’s Republic of
China—Tsinghua University (THU) in Beijing, and Central
South University Xiangya School of Medicine (Xiangya) i
Changsha, Hunan Province.

THU was established in 1911 and has consistently been
ranked as one of China’s top academic institutions in listings
like the Shanghai Ranking of Best Chinese Universities
Ranking Overall Ranking for 2015 (http: // www. shang-
hairanking.com/ Chinese Universities Rankings/ Owverall-
Ranking-2015.html). THU opened a new medical school in
2001 and admitted the first class of students for the eight-year
MD program in 2009. By contrast, Xiangya was established
in 1914 as one of China’s earliest Western medical univer-
sities. Both schools are test cases for an eight-year medical
education system, and both aspire to educate physician-sci-
entists. In 2012, UPSOM partnered with these universities
to provide a two-year mentored research experience for their
medical students. The program offers a natural experiment
since the Tsinghua students come to Pittsburgh as fifth- and
sixth-year students right after their basic science years but
with no clinical experience. They complete their clinical
clerkships at Peking Union Medical Center (PUMC) when
they return to China for their seventh and eighth years of
medical school. By contrast, the Xiangya students come
to UPSOM after their clinical clerkship years in medical
school years five and six. They graduate and begin residency
training after their two years in Pittsburgh during medical
school years seven and eight.

The Tsinghua experience

Each year since 2012, under a five-year agreement that has
been renewed for an additional five years, a cohort of 10-30
Tsinghua students has come to UPSOM for a two-year men-
tored experience to learn basic, translational, and/or clinical
research techniques. Their status at UPSOM is that of visit-
ing rescarch scholars under J-1 visas; they are not formally
enrolled as University of Pittsburgh students. The program
is overseen by Asthur S. Levine, MD, senior vice chancellor
for the health sciences and John and Gertrude Petersen Dean,
School of Medicine, with Margaret C. McDonald, Ph.D., as-
sociate vice chancellor for academic affairs, health sciences,
providing day-to-day program management. A scientific ad-
visory committee at each institution reviews the scholars’
progress at periodic intervals and during an annual Tsinghua
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As described in a companion report (“Sino-U.S. Partnerships
in Research, Education, and Patient Care: The Experience
of the University of Pittsburgh and UPMC™), students from
the Tsinghua University School of Medicine and the School
of Medicine of Central South University (Xiangya Hospital)
have spent two years of their medical school curriculum par-
ticipating in research at the University of Pittsburgh School
of Medicine, with the first class at Tsinghua arriving in 2012
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and that of Xiangya in 2014. Among the authors of this re-
view, with years in parentheses indicating time spent at the
University of Pittsburgh, LS (2012-2014), YG (2013-2015),
LY (2014-2016). YT (2016-present), and HC (2016-present)
are Tsinghua students (years at the University of Pittsburgh).
RT (2013-2016) is a Xiangya student who undertook her re-
search in Pittsburgh as a collaborative project. All of these
co-authors spent their research time in our laboratory (LL,
ASL) at the UPMC Hillman Cancer Center and their projects
were focused on various aspects of genome and telomere sta-
bility in the wake of oxidative DNA damage. A summary

lifescichina.com  link.springer.com
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of their worle, which is described in chronological order, ex-
emplifies the achievements of this China-U.S. collaborative
training program and highlights the continuous contribution
of the students to a particular research program. again as one
example of the productivity of these partnerships.

Environmental toxicants (chemicals and UV light) alter
genetic information either directly or indirectly through the
production of reactive oxygen species (ROS), thereby driving
genomic instability in cells and promoting tumorigenesis.
All living cells try to faithfully preserve and transmit their
genomic information from one generation to the next using
DNA repair mechanisms to repair ROS-induced DNA dam-
age; an abnormal elevation in ROS produces oxidative stress.
which also contributes to premature aging (Hegde et al..
2012). ROS-induced damage comprises a mixture of DNA
lesions including base damage. DNA single strand breaks
(SSBs). and DNA double strand breaks (DSBs) (Figure
1A). To study oxidative DNA damage response at a single
genome locus in different genomic locations with various
molecular processes, we constructed the DART (Damage
at Active RNA Transcription Sites) system or DART at
telomeres (Figure 1B). As illustrated in Figure 1C, a tandem
tetracycline repressor (tetR) array cassette was integrated at
a defined genomic locus in U20S TRE cells. Radiation and
chemically-induced oxidative stress give rise to oxidative
DNA damage throughout the genome, preventing analysis
of damage repair specifically at transcriptionally active
sites. We took advantage of the KillerRed (KR) protein as
an inducible source of localized damage. KR is a modi-
fied red fluorescent protein chromophore. which generates
superoxide when exposed to visible light. KR mimics radia-
tion-induced oxidative DNA damage by generating oxygen
radicals. The DART system (Figure 1C), combined with
genome site-specific KR positioning, is a unique and precise
approach that allows oxidative damage to be introduced at a
specific genomic site. We activated KR in cultured cells by
exposing them to a 15 W white fluorescent bulb on an expo-
sure stage (Uvland, CA). The precise local damage delivery
and capability for dose modulation in this approach were
ideal to carry out the experiments described below. Thus.
the DART systems avoid the confounding effects of global
and random DNA damage associated with cell exposure to
chemical compounds and radiation (Lan et al., 2014; Wei et
al., 2015).

LS and RT further developed the DART system to induce
oxidative damage at individual telomeres (Figure 2) (Sun et
al., 2015). Cellular DNA is organized into chromosomes and
capped by a unique nucleoprotein structure. the telomere.
Both oxidative stress and telomere shortening/dysfunction
cause aging-related degenerative pathologies and increase
cancer risk. However, a direct connection between oxidative
damage to telomeric DNA. comprising <1% of the genome,
and telomere dysfunction had not been established. By

Levine, AS., etal.  Sci China Life Sci

71

October (2017) Vol. ao Ne. 10

S/

Oxidative DNA damage

1 Twao U$
S5Bs

i Double strand
Base damage R‘ep? Single strand -> ble sir
intermediate breaks Replication (DSBs)
m (SSBs) Transcription

DART E(‘- DART at Telomeres

(DNA Damage at Active (DNA Damage Targeted
RNA-Transcription sites) At Telomeres)

c KillerRed(KR) induced oxidative DNA damage
at a transcribed or non-transcribed genomic site

tetR TA
<herry or KR —cherry or KR

Transcription:

~N

| tetOrepeats

Transcription I
cassette

Figure1l Scheme of type of DNA damage and damage mducing system. A,
Tvpes of oxidative DNA damage. B, Illustration of the DART systems. C.
Scheme of the KillerRed/DART system for inducing genome locus-specific
damage

fusing the KilletRed chromophore gene to the telomere
repeat binding factor 1 gene (TRFI). a novel approach was
established to generate localized damage to telomere DNA
and to monitor the real time damage response at the single
telomere level. LS and RT found that DNA damage at long
telomeres in U20S cells is not repaired efficiently compared
to DNA damage in non-telomeric regions of the same length
in heterochromatin. Telomeric DNA damage shortens the
average length of telomeres and leads to cell senescence in
HeLa cells and cell death in HeLa, U20S and IMR90 cells.
when DNA damage at non-telomeric regions is undetectable.
Telomere-specific damage induces chromosomal aberrations,
including chromatid telomere loss and telomere associations,
distinet from the damage induced by ionizing irradiation.
Taken together. these results demonstrated that oxidative
damage induces telomere dysfunction and underlined the
importance of maintaining telomere integrity upon oxidative
damage. Figure 2 demonstrates the model from this work. in
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Media Clips for Tsinghua MD Program

1) 2011.5 UPMC News: New Pitt, Tsinghua University Education Program
Will Bring Chinese Students to Pittsburgh for Biomedical Research
Training

BRI H AENEE, RIE: uPmc HiE M, 2011/05/03

http://www.upmc.com/media/NewsReleases/2011/Pages/pitt-tsinghua-university-

program.aspx

UPMC/University of Pittsburgh Schools of the Health Sciences

£
rel

New Pitt, Tsinghua University Education Program Will
Bring Chinese Students to Pittsburgh for Biomedical
Research Training

. ﬁlk?l*ﬁ
Q?%Hif‘lﬂ!!*li

PITTSBURGH, May 3, 2011 — The University of Pittsburgh School of Medicine and Tsinghua
University School of Medicine in Beijing have entered into a first-of-its-kind collaborative
education and research agreementto bring Chinese medical and graduate students to
Pittsburgh for training in biomedical research. The agreement was signed by officials of both
universities on April 24 in Beijing.

Chinese medical students to come to Pitt

FEEE, RKE: ILXHEMN, 2011/05/11
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2) 2011, NEXT, A historic univers
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3) Chinese Medical Students to come to Pitt

http://pittnews. com/article/16425/archives/chinese-medical—

students—to—come—to—pitt/

THEPITTNEWS &

NEWS OPINIONS NUHN CULTURE VISUAL ADVERTISING  HOUSING GUIDE

Mozart Management s find your|

Chinese medical students to come to Pitt

Gwenn Barney

Beginning in 2013, Pitt's School of Medicine will welcome medical and graduate students from... Beginning
in 2013, Pitt's School of Medicine will welcome medical and graduate students from Beijing's Tsinghua
University as part of an exchange program considered to be the first of its kind

Between 25-45 students hailing from Tsinghua's “experimental” medical school. will spend two years at Pitt

studying biomedical research. Tsinghua is considered to be one of the top science-oriented schools in
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4) 2012.4. UPMC News: Tsinghua University Hosts First Symposium with

Pitt Under New Biomedical Research Training Collaboration

BHRENE—EFRRHIT S, RIR: UPMC FHE M, 2012/04/11

http://www. upmc. com/media/NewsReleases/2012/Pages/Tsinghua-Pitt—

Collaboration. aspx

UPMC/University of Pittsburgh Schools of the Health Sciences

Nnysa
s

Tsinghua University Hosts First Symposium with Pitt
Under New Biomedical Research Training
Collaboration

PITTSBURGH, April 11, 2012 — Administrators and faculty from the University of Pittsburgh
School of Medicine will travel to Tsinghua University School of Medicine in Beijing this month
to participate in the first symposium hosted by the school as part of a unigue collaborative
education and research parnership between the two.

For Journalists

Jennifer Yates
Manager
Telephone: 412-647-9966

Anita Srikameswaran
Senior Manager

Telephone: 412-578-9183 or
412-624-3212

Want to Make an
Appointment or Need
Patient Information?

Contact UPMC at
1-800-533-UPMC (8762).

Go to Find a Doctor to search

for a UPMC doctor.
The Pittsburgh-Tsinghua Joint Symposium on Medical Sciences 2012 taking place April 21-

22 is designed to build relationships and educate each site about the other's work. The

symposium will focus on drug discovery and development, advances in neurosciences,

epigenetics in cancer diagnosis and treatment, immunaology, infectious diseases andvaccine development, developmental biology
and regenerative medicine, and structural biology and drug development.

“This symposium will give us the opportunity to discuss the latest medical research with experts at Tsinghua and tour their laboratories
all while getting to know their medical students before they arrive on our campus later this year” said Arthur 5. Levine, M.D., seniar vice
chancellor forthe health sciences and dean, School of Medicine, University of Pittsburgh. “We strongly believe that the relationships we
build with Tzinghua will enhance the training of world-class physicians and researchers ”

In May, Pitt and Tzinghua officials announced the new collaboration that will bring Chinese medical and graduate students to
Pittsburgh for training in biomedical research. For each academic year beginning this fall, Tsinghua University will send between 25
and 45 students to Pitt for two years as visiting research scholars. They also will have opportunities to observe health care activities
at UPMC, Pitt's clinical partner. The students will already have completed three-and-a-half years of university education in China.
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5) 2013.4 UPMC News: Pitt Hosts Second Annual University of
Pittsburgh-Tsinghua University Joint Symposium on Medical

Sciences.

L REHEZJGFHRBT S, RIFE: UPMC FrF M, 2013/04/30

http://www. upmc. com/media/NewsReleases/2013/Pages/pitt—hosts—

second—annual-joint—symposium. aspx

UPMC/University of Pittsburgh Schools of the Health Sciences
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Pitt Hosts Second Annual University of Pittsburgh-
Tsinghua University Joint Symposium on Medical
Sciences

WHAT: Researchers from the University of Pittsburgh School of Medicine and Tsinghua
University, Beijing, China will haold their second annual joint symposium on the medical
sciences, exploring topics such as the cellular mechanisms of tinnitus, drug development,
and the emergence of new viruses and theirtransmission.

WHO: This eventis open to Pitt and UPMC facully and staff. Speakers at the two-day event will
include:

For Journalists

Anita Srikameswaran
Senior Manager

Telephone: 412-578-8193 or
412-624-3212

Susan Manko
Senior Director
Telephone: 412-586-9771

Want to Make an
Appointment or Need
Patient Information?
Contact UPMC at
1-800-533-UPMC (8762).

Go to Find a Doctor to search
for a UFMC doctor.

» Arthur S. Levine, M.D., senior vice chancellor for the health sciences and dean, School of Medicine, University of Pittsburgh

= Yigong Shi, Ph.D., dean, School of Life Sciences, and senior vice dean, School of Medicine, Tsinghua University

= Yoel Sadovsky, Ph.D, Elsie Hilliard Hillman Professaor of Women's Health Research, professor of obstetrics, gynecology, and

reproductive sciences at Pitt and scientific director, Magee-Womens Research Institute

= Fhijie Chang, Ph.D)., professor of medicine and professor of life sciences, Tsinghua University
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6) 2013, NEXT,Pitt Med and Tsinghua—getting to know you

2013 UL AHF i 2= [ ik 8

Pitt Med &
Tsinghua —getting
to know you.
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7) 2014, NEXT, We are friends

SECOND ANNUAL PITT-TSINGHUA JOINT SYMPOSIUM
“We are friends.”

he second annual University of Pittsburgh and
Tsinghua University Joint Symposium on Medical
Sciences, which was held at the University of
Pittsburgh in April 2013, was planned partly as
a “getting to know you” event. After all, the first-of-its-kind
collaboration between Pitt and Tsinghua is barely two years old.
What's more, the distance between Pittsburgh and Beijing is
roughly 6,700 miles, so these partners don’t get together nearly
as often as they’d like. The 2012 symposium had been hosted
in Beijing by Tsinghua University, whose students were filled
with questions about what life would be like in Pittsburgh.
Since arriving in August 2012 to begin two years of intensive
biomedical research training, 21 students have chosen scientific
mentors, become part of laboratory teams, and delved into their
own research projects to advance the work of their respective
labs. The symposium was their first formal opportunity to
demonstrate what they’ve accomplished for their peers and
faculty members at Pitt. In addition to presenting their research
during a lively student poster session, students were treated to
scientific presentations by top faculty from both institutions.
Session topics included current research in neuroscience;
structural, computational, and systems biology; immunology;
infectious diseases; epigenetics and cancer; reproductive and
stem cell biology; and pharmacology and drug discovery.
Despite all the cutting-edge science on the agenda, the
two-day symposium began with an exploration of what it feels
like to experience nostalgia for those formative years of one’s
life. Arthur S. Levine, MD, Pitt’s senior vice chancellor for the
health sciences and Petersen Dean of Medicine, set the tone

SECTION 2

when he introduced his counterpart—Yigong Shi, PhD, dean
of Tsinghua’s School of Life Sciences and executive vice dean of
its School of Medicine. Levine described how Shi had declined
to fly the last leg of his journey from Beijing to Pittsburgh. He
deplaned in Chicago and, after visiting colleagues in Illinois,
drove 500 miles to Pittsburgh by himself. It felt like coming home,
said Shi, who first arrived in this country in 1990 to begin a PhD
program in molecular biophysics at Johns Hopkins University
School of Medicine and remained until 2008, when he gave up
a prestigious endowed professorship at Princeton University to
return to Tsinghua, his alma mater.

“Twenty-three years ago, I landed in Ames, lowa, surrounded
by cornfields, and drove 22 hours to Baltimore,” Shi recalled.
“P'll never forget the welcoming people of the Midwest or how
fascinated I was by the landscape on that long drive.”

Alarge community at Pitt is working to give the Tsinghua
students every opportunity for a similarly unforgettable
experience. There’s evidence it’s working. Lijia Cui says that
she has quickly fallen in love with the unfamiliar, hilly terrain of
Pittsburgh, despite the fact that it exhausts her when she bicycles
around the city. She was assigned to the lab of Elodie Ghedin,
PhD, a MacArthur Fellow and associate professor of computa-
tional and systems biology. Cui was nervous at first about being
in an American lab because she still has a lot to learn about
conversational English. In Ghedin’s lab, however, she found
herself on a team with Americans, Canadians, and an Indian,
so the addition of a Chinese med student wasn’t unusual.

“We are friends,” Cui says now.

95



8) 2015.4 UPMC News: Pitt Hosts Fourth Annual University of

Pittsburgh-Tsinghua University Joint Symposium

UPMC/University of Pittsburgh Schools of the Health Sciences
iy S &

ros

Pitt Hosts Fourth Annual University of Pittsburgh-

Tsinghua University Joint Symposium

Focus on Platform Technologies in Biomedical Research

WHAT: Researchers from the University of Pittsburgh School of Medicine and Tsinghua
University, Beijing, China, will hold their fourth annual joint symposium, which will focus on
platform technologies in drug discovery, epigenetics, stem cell therapies, neurascience and
medical devices, as well as Big Data efforts. The eventincludes a poster session featuring
the work of the current class of Tsinghua visiting research scholars.

WHY: In a collaboration that began in 2011, up to 45 medical and graduate students from
Tsinghua University come to Pittsburgh for a two-year training program in biomedical
rezearch. The symposium is intended to build relationships and educate each site about the
other's work and is held in alternating years at each university.

WHO: Speakers at the two-day event include:

For Journalists

Anita Srikameswaran
Senior Manager

Telephone: 412-578-9193 or
412-624-3212

Amy Charley

Manager

Telephone: 412-738-3511 or
412-586-9778

Want to Make an
Appointment or Need
Patient Information?
Contact UPMC at
1-800-533-UPMC (B762).

Go to Find a Doctor to search
for a UPMC doctor.

= Arthur 5. Levine, M.D., seniorvice chancellor for the health sciences and John and Gertrude Petersen Dean of Medicine, Pitt

= Bailu, Ph.D., professor and executive vice dean, School of Medicine, Tsinghua

= D.Lansing Taylor, Ph.D., Allegheny Foundation Professor of Computational and Systems Biology, and director, Drug Discovery

Institute, Pitt
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9) 2015.6 CHINADAILY: Tsinghua students flying high

XERFBEILFEEZAE, KIR: PEHMKR, 2015/06/22

http://usa.chinadaily.com.cn/world/2015-06/22/content 21069000.htm

CHINADAILY usa
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World / Americas

Tsinghua students flying high

Updated: 2015-06-22 02:59
By CHEN WEIHUA in Pittsburgh(China Daily USA)
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10) 2015.6 YIBADA News: Partnership Between Tsinghua University and
Pitt Med benefit Aspirin Experts and Doctors

FERE_E, SkUE: YIBADA, 2015/06/22

http://en.yibada.com/articles/40009/20150622/partnership-between-tsinghua-

university-pitt-med-benefit-aspiring-medical-experts.htm

HOME m BUSINESS TECH LIFE & CULTURE ENTERTAIN!

Advance Your

‘ Earn your master's in n
degree concentrations.

Kaplan University

EWS > Partnership Between Tsinghua University and Pitt Med Benefit Aspiring Medical Experts and

Doctors

Partnership Between Tsinghua University and Pitt
Med Benefit Asplrmg Medlcal Experts and Doctors

Vanna Emia | Jun 22, 2015 07:46 AM EC
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11) Tsinghua Scholar at Pitt

SPE: UCHTE, 2015/06/22

http://www.ucis.pitt.edu/main/image/tsinghua-scholars-pitt

( 'IS INTERNATIONAL
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Friday. July 14, 2017
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UPMC shivene - @) Universiyof Pisburgh s
LIFE CHANGING MEDICINE

NEWS BLOG from UPMC and the University of Pittsburgh Schools of the Health Sciences

About UPMC Partnership Between Pitt and Tsinghua Reaches

Milestone
News & Media

by Chuck Staresinic 0 Comments

Services at UPMC

Find a Doctor

UPMC TWEETS

RT @PittPubHealth: Our
PM :
o= students are wrapping
up summer
intemships, including leading a
Wilderness First Aid course for
@Allegheny_Co: hitp..
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