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TCM-Assess and intervene at whole body level
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Gene-centric, molecular medicine
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Molecular yet local but fragmentary

at whole body level
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@ TCM vs. Western Medicine
e Diseased man vs. man’ s disease
s WHIAS AR
 Stratification of patients vs.
classification of diseases

« MADEESFERDE discovery,
« Top-down vs. bottom-up design &
- BEMTFSBET™MmL development
 Global vs. local of human drugs
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Complex systems share the same nature
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Engeerinparadigm
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Tools for understanding complex engineering systems can be applied in biomedicine
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“To understand the whole,

One must study the whole”
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Tools for understanding complex engineering systems can be applied in biomedicine




Complex systems share the same nature
2ok RGN EAR S AL

“To understand the whole,

One must study the whole”
BIRREARH N 5

4’ /%I)b% V‘
-_- Emergent propertles
Englneerlng paradigm and TCI\/I

i I%Jm E*ﬁ—t %Ej. 12

Tools for understanding complex engineering systems can be applied in biomedicine




VDR T 5 52 2% AR e 4 SR

Classification and monitoring of complex systems
based on measurements of emergent functions

@& Systems states and
state space models

 Structural state ZEFIRS

o ' SO State space model
Functional state THESIRTS e
@ System trajectory
analysis
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System trajectory analysis
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Structural Health Monitoring



Changes In vibration, noise and exhaust gas for

engine health monitoring

AlAA 1st Intelligent Systems Technical Conference AlAA 2004-6461
20 - 22 September 2004, Chicago, lllinois

Development of an Information Fusion System for
Engine Diagnostics and Health Management

Allan J Volponi
Pratt & Whitnev, East Hariford, CT 06108

Tom Brotherton
Intelligent Automation Corp., Poway, CA 92064

Robert Luppold
Luppold & Associates, West Newton, P4 15089
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Classification and identification
of complex systems based on
the measurement of their
emergent functions
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Classification in an unsupervised learning mode

with no prior knowledge required
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Emergent functions of the cell
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Urine-metabolites
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Feces-bacteria
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Emergent functions of the human body
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(Whole-body systems biology and health assessment)
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@ Health assessment and monitoring based on measurements of results
of gene-environment interactions at the whole-body level
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* Non-invasive
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e Global
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» Dynamic, low-cost, high throughput
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e Molecular-based
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 Non-targeted
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« Digital, quantitative, highly reproducible
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Molecular assessment of human health at the whole-body level
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proaches for

guantitative assessment and
monitoring of human health
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Molecular Profiling and Covariation Analysis
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Gut Microbiota and Whole-
body Systems Biology

Liping Zhao
Shanghai Center for Systems Biomedicine
School of Life Science and Biotechnology
Shanghai Jiao Tong University




New view on human body
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The Superorganism Concept *

® Cell composition of human *Joshua Lederberg
body

e 10% human cells
e 90% bacterial cells
Genome

@& Gene composition of T B 441
human body

« Human genome (25,000
genes)

o Karyome
 Mitochondrome
e Microbiome

_ Microbiome
* 1000 species 1E M

* 1 million genes
e Diverse and active

metabolism 4 1 man microbiome-
the second genome acquired after birth
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New view on human body

The Superorganism Concept *

® Cell composition of human *Joshua Lederberg

body

e 10% human cells
e 90% bacterial cells
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Whole-genome association studies should
Include our microbiome
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e Microbiome
* 1000 species
* 1 million genes
e Diverse and active

metabolism 4 1 man microbiome-
the second genome acquired after birth
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Modulation of the second
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Partner for health or Pathogen for diseases?




TCM works primarily via modulation of gut microbiota
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PERSPECTIVES

OPINION

Gut microbiota: a potential new
territory for drug targeting

Wei Jia, Houkai Li, Liping Zhao and Jeremy K. Nicholson

Abstract | The significant involvement of the gut microbiota in human health and
disease suggests that manipulation of commensal microbial composition through
combinations of antibiotics, probiotics and prebiotics could be a novel therapeutic
approach. A systems perspective is needed to help understand the complex host-
bacteria interactions and their association with pathophysiological phenotypes so
that alterations in the composition of the gut microbiota in disease states can be
reversed. In this article, we describe the therapeutic rationale and potential for
targeting the gut microbiota, and discuss strategies and systems-oriented
technologies for achieving this goal.

Most current searches for new drugs are

- EE

generating new insights and opportunities

A microbial organ

The human intestine is more densely
populated with microorganisms than

any other organ, and is a site where they
exert strong influences on human biology.
With this in mind, the entire system of the
human gut microbiota can be pictured as a
‘microbial organ’ within the intestine, which
contributes to diverse mammalian proc-
esses including protective functions against
pathogens and immune-system modulation,
the metabolic function of fermenting non-
digestible dietary fibre, and the anaerobic
metabolism of peptides and proteins, which
results in the recovery of metabolic energy
for the host'*2,

The intestinal mucosa is the main
interface between the immune system and
external environment and therefore has an
important role in the host—flora interaction.
The commensal microbiota profoundly
influences the development of humoral com-
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Functional analysis of

gut microbiota

-Co-variation analysis between host
global metabolism and gut microbiota

Lietal. , PNAS
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Phylogenetic DGGE Band and Nearest Neighbour

grouping Variable
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100 YEARS OF JOURNALIETIC EXCELLENCE

Study maps gut microflora

Published: Feb. 6, 2008 at 10:24 AM
LONDON, Feb. 6 (UPI) -- A British-Chinese study has mapped the bacteria living in seven members of
a Chinese family to determine the role of gut microbes in bodily processes.

The researchers from Imperial College London and China's Jiao Tong University said the makeup of
each person's gut microflora influences their health, with abnormalities in gut microbes linked to
diseases such as diabetes and obesity.

However, the relationship between different species of bacteria and different processes has previously
been defined only at a broad level, the scientists said, noting that prior to their study, only five people
had had their gut microflora profiled in depth, with that data being published.

"Now we have developed a new way of exploring the connections between bugs and man we can hope
to find a 'Rosetta Stone' to translate the functional properties of the bugs and so improve therapies to
treat disorders of the gut and related conditions," said Imperial College London Professor Jeremy
Nicholson, lead author of the study.

The research, led by Professor Liping Zhao of Jiao Tong University in Shanghai, appears in the
Proceedings of the National Academy of Science.

© 2008 United Press International. All Rights Reserved.
This material may not be reproduced, redistributed, or manipulated in any form.

Please click on the link below to view the entire article.
http://www.upi.com/NewsTrack/Science/2008/02/06/study _maps_gut_microflora/6812/
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Symbiosis: Who does what in the microbiome? : Article : Nature Reviews Microbiolo... Page 1 of 1

35210l MICROBIOLOGY

This journal

Research Highlight
Nature Reviews Microbiology 6, 256-257 (April 2008) | doi:10.1038/nrmicro1880

Symbiosis: Who does what in the microbiome?
Susan Jones

Recent studies have shown that the complement of gut bacteria varies among individuals, but - @ 0

specific data linking the bacteria present to their functions in human physiology have been @
lacking. In a recent report, Min Li and collesagunes daseribe a multidisciplinary approach to link ﬁ ﬂ
the functions of the trillions of microbial gut bacteria — the human microbiome — to host i_

metabolic phenotypes. Importantly, they pinpoint specific microorganisms that have defined

roles in human metabolism using a functional genomics approach.

A four-generation Chinese family volunteered for the study. Faeces and urine were sampled on two separate occasions
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The 50 Most-Frequently Read Articles in PNAS Page 1 of 8
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The 50 Most-Frequently Read Articles

in PNAS during March 2008 -- updated monthly

Most-read rankings are recalculated at the beginning of the month and are based on full-text and pdf views.

37. Min Li, Baohong Wang, Menghui Zhang, Mattias Rantalainen,
Shengyue Wang, Haokui Zhou, Yan Zhang, Jian Shen,
Xiaoyan Pang, Meiling Zhang, Hua Wei, Yu Chen, Haifeng Lu,
Jian Zuo, Mingming Su, Yunping Qiu, Wei Jia, Chaoni Xiao,
Leon M. Smith, Shengli Yang, Elaine Holmes, Huiru Tang,
Guoping Zhao, Jeremy K. Nicholson, Lanjuan Li, Liping Zhao

Symbiotic gut microbes modulate human metabolic
phenotypes
Proc. Natl. Acad. Sci. USA Feb 12, 2008; 105: 2117-2122.

(In "Microbiology”) [Abstract] [Full Text] [PDF]
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Inter-species transplantation of gut
microbiota from human to pigs
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Gut Microbiota and Diet-induced
Metabolic Syndrome

Liping Zhao
Shanghai Center for Systems Biomedicine
Shanghai Jiao Tong University




Change of Energy Sources (1992 -2002)

Urban 80

60 52 F 1992

¥ 2002
40 35

Energy%

20 12 13

carbohydrate protein fat

Rural
80 71

61
60 F 1992

F 2002

Energy%

20 10 11

carbohydrate protein fat

National Nutrition Survey, 2002




" Prevalence of Obesity

*Worldwide (wHo)

Overweight : 1,200,000,000
Obese: 300,000,000

*China (National Nutrition Survey, 2002)

Chinese Adults (218 yrs)
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Environments, gut microbiota, genetics and health
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Gut SYMBIOTIC ASSOCIATION .
Microbiome > Metabolism




Interactions between gut microbiota,

diet and host genotype for host health
/Y. ERRMEHEEZI0TE E8RE
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ZHAO Lab, CHEN Lab




Apoa-1gene Knockout Mice

Apoa-1EE F bR/ R

Apoa-lgene
—
knockout P
C57BL/6 mice Apoa-1/ mice

[0S A s @® Reduced HDL-cholesterol levels

@® Susceptibility to high-fat
dietary-induced atherosis

@ Insulin resistance and early
symptoms of diabetes

Strategy for targeting the mouse Apoa-I gene.

Apolipoprotein A- |

(Williamson, 1992, PNAS)
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: APOA- | Coud activate AMPK and affect the
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Animal trial scheme

Apoa_l-/- Wlld'type

C57BL/6 mice C57BL/6 mice

(male) (male)

High-fat diet group|| Normal diet group | |High-fat diet group | |[Normal diet group
5 mice (KF) 5 mice (KN) 5 mice (WF) 5 mice (WN)
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normal chow Hight fat diet
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PCR-DGGE Fingerprinting
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TRFs of KF and KN groups
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Information of Closed Relatives

[ N\

Similarity Organism (Acession no.) Phylogenetic affiliation
0 Tong University
100 Lactobacillus johnsonii (AB186343) Firmicutes, Bacilli, Lactobacillales, Lactobacillaceae,
Lactobacillus
100 Helicobacter ganmani (T) (AF000221) Proteobacteria, Epsilonproteobacteria, Campylobacterales,
Helicobacteraceae, Helicobacter
98 uncultured bacterium (DQ815337) Bacteroidetes,Bacteroidetes,Bacteroidales,
6 Porphyromonadaceae, Tannerella
80 Porphyromonas gulae (ATCC51700) Bacteroidetes,Bacteroidetes,Bacteroidales,
Porphyromonadaceae, Porphyromonas
99 uncultured bacterium (DQ815337) Bacteroidetes,Bacteroidetes,Bacteroidales,
7 Porphyromonadaceae, Tannerella
81 Porphyromonas circumdentaria Bacteroidetes,Bacteroidetes,Bacteroidales,
Porphyromonadaceae, Porphyromonas
10 100 Bifidobacterium pseudolongum subsp. Actinobacteria, Actinobacteridae, Bifidobacteriales,
Pseudolongum (AB186304) Bifidobacteriaceae, Bifidobacterium
100 uncultured bacterium (EU511073)
11
98 Bifidobacterium animalis subsp. Animalis Actinobacteria, Actinobacteridae, Bifidobacteriales,
(AB186294) Bifidobacteriaceae, Bifidobacterium
99 uncultured bacterium (EF098678) Firmicutes
16
93 Bryantella formatexigens (T) (AJ318527) Firmicutes, Clostridia, Clostridiales, Clostridiaceae, Bryantella
99 uncultured bacterium (EF099100) Firmicutes, Mollicutes, Incertae sedis 8, Erysipelotrichaceae
12
86 Eubacterium cylindroides (L34617) Firmicutes, Clostridia, Clostridiales, Eubacteriaceae,
Eubacterium
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Abundance of bifidobacterium spp.

(Copy Number / ng total fecal DNA)
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@nghal Jiao Tong University

RT-PCR of Bifidobacterium spp.
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Abundance distribution of Bifidobacteria

based on 454 sequencing
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> YFELALY Bifidobacteriales vs.Desulfovibrionales
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Wild-type normal chow

ApoA- I " high fat diet ApoA- 1 - normal chow Wild-type high fat diet

Bifidobacteriales -protecting gut barrier integrity
Desulfovibrionales -producing endotoxin (LPS)
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Structural segregation analysis of
gut microbiota and host health
monitoring

SERY. ERRUSENFNARE
High fat diet, gut microbiota and obesity

ZHAO lab, JIA lab
B, B



Progression of high fat diet induced obesity
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Structural segregation of gut microbiota

during obesity progression
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PC2(15.39%)

Structural segregation of gut microbiota

during obesity progression
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Structural shifts of gut microbiota
iInduced by carcinogen during
precancerous lesion development
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XEXEAY | Development of Colorectal cancer

adenocarcinoma polypous adenoma




e £ B R M T B e A B
EEAALS Precancerous lesion of colon cancer

50+ B L
| v22m
(T s

Aberrant crypt foci

Aberrant crypt foci (ACF) induced Reduction of ACF formation by
by 1,2-dimethylhydrazine (DMH) TCM herbal extracts

Wu group, Jia group, Zhao group
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Monitoring of host metabolism and gut microbiota
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Key metabolites for differentiation between healthy and precancerous animals

@ Increased urinary excretion
e cCitrate,
e 4-hydroxy-benzeneacetic acid,
e 4-hydroxyphenyl-propionic acid,
@® Decreased endogenous metabolites
e butanedioic acid,
* benzeneacetic acid,
* glycine,
e 4-methyl-phenol,
e hippuric acid,
» phenylacetyl-glycine.
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Key gut bacteria for differentiation between healthy and precancerous animals

Band Closest relative
Similarit Organism : A
No. y g _ Phylogenetic affiliation
(%) (Acession no.)
Rumi AY16941 - . .
19 98 uminococcus obeum (AY169419) Firmicutes;Clostridia;Lachnospiraceae
25 95 Allobaculum stercoricanis(AJ417075) Firmicutes; Mollicutes; Allobaculum.
97 uncultured bacterium(AY986052) Bacteroidetes;Porphyromonadaceae
26
93 Allobaculum stercoricanis(AJ417075) Firmicutes; Mollicutes; Allobaculum.
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Aberrant crypt foci

Aberrant crypt foci (ACF) induced Reduction of ACF formation by
by 1,2-dimethylhydrazine (DMH) TCM herbal extracts

Wu group, Jia group, Zhao group




Coptidis rhizoma, Evodia rutaecarpa

herbal pair

Evodiae Fructus

Major component: evodiamine.
rutaecarpine. hydroxy- evodiamine,

limonin. synephrine. evodente

Major component: Berberine .
palmatine. jatrorrhizine. coptisine



16S rRNA gene V3 fragment DGGE profiles

The ninth week

Mr model Herb pair
._; E— — g g — 22
- - . e S - .

The ninth week

Mr control
1= - .-.22
“isst] -
= Bl

28
ot I
______,r_.__._._“--ifll




PCA scores plot of the 16S rRNA gene V3 region DGGE profiles of

different groups
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A 3D-PCA sores plot of GC/MS
spectral data from the three group
rats at the 9" week (n=8 per
group; DMH-induced, red dots;
healthy, blue dots; herb treated,
black dots; each dot denotes an
individual rat

the healthy group (n=8)  DMH-induced greup (n=8)  herb freated group (n=8)

fold change
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tryptamine
S-hydrexyindoleacetate

spermidine
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Time-dependent mean fold changes
of those differential metabolites of
healthy group, DMH-induced group
and herb treated group at 3rd, 5th,
7th, and 9th week .

Jia group



METABONOMICSAX i 2H &

Quantitative measurement of multivariate metabolic responses of
multicellular systems to pathophysiological stimuli or genetic
modification

2 Y 2R SeAE 52 20 B AR I el F A e m fn, A S b
122 ZH0E & E

AIMS TO MODEL HUMAN GLOBAL METABOLIC REGULATION
-THE BASIC HOLISTIC PHILOSOPHY IS IN HARMONY WITH THEORY OF TRADITIONAL
CHINESE MEDICINES

H bn 2 NARBEARACH R P i i, IR 22 AR v P — B

GLOBAL SYSTEMS BIOLOGY IS THE TOP-DOWN INTEGRATION OF MULTI-OMICS DATA
TO DECIPHER GENE-ENVIRONMENT INTERACTIONS IN RELATION TO DISEASE
DEVELOPMENT.

NEZRGAEYFE M B L T B A AT 2 M A 2 Bl R, RAFTTEOM
RIS FE T EEIN A B R BAE R R
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Large Scale Metabonomic Screening of Human Populations
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“}é‘iﬁxﬁ FUNDAMENTAL METABOTYPE DIFFERENCES
p o PCA-DA of population data (disease outliers removed)
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© Imperial College, 2006



| o | NMR-based
" il : Guangx Metabonomics of
L -'r.--.",_,':_i, S south and north

| w07y R W Chinese Populations.

] 4304

IE%%EEﬁﬁ%%*%\

............
.......
e,
0
‘e
.
‘e
.

A

| L]
Shanxi » S
B J B 5 4 3 2 0 | 1 2 3 4 ] ] "_f?-

PCA Plot

.. Creatine

&4 06

A oot Loadlngs 19 iso-butyrate .13. | 'r_____-. )
p plot -/ A T
114 iyt _:1.3:*'.::"'-'. . .-“ '
0,107 T 43
Nicholson

-0.30 -0.20 0.10 0.00 0.10 0.20 0.30 0.40



Trajectory plot of OSC-PLS model for individual subject pre and post exposure to
chamomile tea

Subject does not return to pre-dose space
after 2 weeks- changes are in the gut microbiota 2

Nicholson
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Preventive Management of Metabolic Diseases via
Nutritional Modulation

@ Nutrition, gut microbiota,
host immunity and
metabolism, and their
Interactions in the
development of obesity and
related metabolic diseases

@ Opening novel avenues to
combat these conditions in
a predictive, preventive and
personalized manner

Early stage
disease/

Nutritional
.intervention

Drug intervention

Health stage
Diet and life style




Study design:

500 pairs of age, sex and lifestyle matched overweight/obese and
non-obese individuals

e Case: BMI=>=26kg/m?
e Control: 18 < BMI < 23kg/m?

Inclusion criteria:

* Urban residents in Shanghai

* Residence > 10 yrs

e Age: 35-54, male > 40%

* Without currently participating other study

* Without physical disabilities and mental disorder




Dietary Pattern

FFQ & 24-hr recall

Demographic
Information

Lifestyle & Health
Status

Physical Activities

Mental Health

Anthropometrics

Body
Composition

Name, Gender, Age, Household
members, Eiiinicity, Marital status,
Education level, Occupation,
Income

Seii-renorted health status, Health
behavior, Medication, Family
history of diseases, Smoking
status, Alcohol Drinking

Frequency, Duration and Level
(IPAQ-short form)

CES-D questionnaire

Height, Weight, Blood pressure,
Waist circumferences, Hip
circumferences

DEXA: Fat, lean mass and bone
density, % body fat, % trunk fat




*a oratory Assays

Category Biomarker

Lipid profile Total cholesterol, HDL, LDL, triglyceride;
Glucose Fasting plasma glucose

Hormone Fasting Insulin

Adipocytokines Adiponectin, Resistin, PAI-1, RBP4
Inflammatory CRP, TNF a -R1,R2, IL-6

factors

Gene variants HNF4A, PPARG, PCK1, G6PC, PPARGCI1A,

NR3C1, ESRRA, ADIPOQ, RBP4, ENPP1,etc.

Others Ferritin, HbA1C




Eanra!ory gssays

Samples Analysis

Blood Protein profiling
Metabolic profiling

Urine NMR spectroscopic profiling
MS-based profiling

Fecal matters  Metabolic profiling-fecal water
Fragment-based profiling
Sequence-based profiling
Metagenomic sequencing

Pattern Unsupervised classification

recognition Supervised classification
Co-variation analysis




3. RiEREERILE Fecal and urine samples

TiEAY OGREEFYNE SEERRHEE SHRREREE

Number of Fecal Night Urine Morning
Participants samples samples urine
samples
RS 596 590 581 578
Luwan
15[ 4 579 571 568 564
Zhabel
ait 1175 1167 1149 1142
Total

\LI\ I/
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sLifestyle

structure
* Key
bacteria

Energy
metabolism
ADIPOQ.
INSIG2,
ADIPOR1/2

IL6. TNFR1/R2,

RBP4

* Adipocytokines:
Adiponectin,

Resistin, PAI,

RBP4



@& Scientific
e Build a reference database
e Develop high-throughput methodologies
o Define the pattern of nutritional transition

 |dentify and understand host-microbe metabolic
Interactions

& Products for Personalized nutrition
e Health risk assessment
 Databases and kits

e Diet-based prevention of metabolic diseases
 The beverage or additive that works just for you
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Whole-body systems biology-enabled, large scale cohort study
for discovery of pre-disease biomarkers with predictive power
for preventive management of public health

T
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TCM Whole-body systems biology

Signs and symptoms

at the whole body level Urine and

Stool samples

\

Metabonomics,
Metagenomics

\

Multivariate statistics
for pattern extraction

\

“Biomarker profiles”
for patient stratification

Diagnosis and Prognosis,
Efficacy and Safety Evaluation,
Drug Discovery

v 4

Four diagnostic techniques
Wang, Wen, Wen, Qie

P LRI
v
Eight guiding principles
Yin, Yang, Han, Re
Biao, Li, Xu, Shi
/\élﬂ“[é%‘ﬁﬂ,ﬁwi, FE, EE¥

“ZHENG3% " differentiation
for patient stratification

Cellular and Molecular Mechanisms



Emerging of New Medicine

FP G EFHLCR SHHEFENA LI

Western medicine New medicine

Holistic but Molecular-based but Molecular-based and
empirical fragmentary holistic
fegiBE % — T 2 — 2% —
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