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Recapitulation of milestones
Differential chip analysis (SAM/PAM) _
Time course analysis (EDGE, RF)
Differential motif analysis (DMDA) _

Path forward




Recapitulation of milestones

subject# sxbagan sx peak info 0.lonset  0.2onset O.8onset 0.ImaxT 0.2maxT 0.8maxT

1 contral

2contral

354hrs  dayd  moderate 24 10.8 432 9.6 19.2 76.8

460hrs  day5  severe B 12 48 12 4 96

Sasx and shadding

636hrs  dayd  severesx 36 7.2 284 1.2 14.4 576

7 day 242 hday 2 at Sésevere sx 42 8.4 336 5.6 1.2 448

& control

9day3  day3  mildsx 12 e w6 12 w4 58| Pd>0.7 at Pf<0.05 at 0.2T
10 contral
1148 hrs 48 mild sx 48 \ \

P R8T py>0.95 at Pf<0.01 at 0.8T
13 contral
14 control
15 day 248 hday 2 54 hisevere sx 48 9.6 384 5.4 1.2 432
16 day 242 h54 hours moderate 42 8.4 336 54 1.2 432

|7 asx and shadding
18 control
19day 5  day5  mild 12 24 96 12 A4 96

2044 hours dayd4  severe sx 44 8.8 35.2 96 19.2 76.6



Main findings
>MRNA data quality is generally high but exhibits high biological

variability
-A small panel discriminatory biomarkers has been found

~Several of these biomarkers appear to be in good agreement with

immune and inflammatory pathways
-Benchmarks can be attained (caveat: small sample)

>MRNA and immunoassay markers seem to have highest

predictive value

-Differential S vs A molecular signatures are strong at 0.8T,

weaker at 0.1T



Analysis

-Methods adapted to different fundamental assumptions about the

“signal” model:

&R ws 5.
oLV AB SRPR

0 20 40 &0 80 0 20 40 60 &0

155/203 A (b vs 5 .
1 2 3

> 1) Linear (fixed effects) regression model
» 2) Random effects model

> 3) Mixed random effects model



Methods of Analysis applied

Linear fixe
«SAM/PAM analysis (TimeSlice)
+EDGE/Co-cluster Analysis (TimeCourse)
*Random effects
LDA/PCA (TimeSlice) _

.Pareto sample depth distributions (PSDD)

(TimeCourse) _
*Mixed Effects

«Random forest regression (Time_Slice)
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SAM/PAM/EDGE Analysis

Differential Expression Analysis At Baseline / Pre-Challenge
Asymptomatic (n=22) vs. Symptomatic (n=21)_
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Training Error

Training and Testing 18-Gene Classifier Using LDA-based PAM Method

Top 673 unique significant SAM genes (qg-value <25%) are used to build the predictor
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Diagnosis of multiple cancer types by shrunken centroids of gene expression. Robert Tibshirani, Trevor
Hastie. Balasubramanian Narasimhan. and Gilbert Chu




Case-by-case Prediction Results Report at 0.1T and 0.8T Milestone

0.1T Subject Hr Pheno Predicted stst;::;r Poss;::;)or 0.8T Subject Hr Pheno Predicted stst;::;r Poss;::;)or

CO01H04 C01 4 A A 75.2% 24.8% CO01H48 C01 48 A A 75.9% 24.1%
C02H04 C02 4 A A 72.6% 27.4% C02H48 C02 48 A A 73.1% 26.9%
CO05H04 C05 4 A A 58.2% 41.8% CO5H48 C05 48 A A 52.1% 47.9%
CO8H04 C08 4 A A 62.3% 37.7% CO8H48 C08 48 A A 55.5% 44.5%
C10HO08 C10 8 A A 62.2% 37.8% C10H48 C10 48 A A 66.7% 33.3%
CI12H04 C12 4 A A 62.6% 37.4% C12H48 C12 48 A A 70.6% 29.4%
CI13H04 Cl13 4 A A 57.3% 42.7% C13H48 Cl13 48 A A 67.7% 32.3%
C14H04 C14 4 A S 42.3% 57.7% C14H48 C14 48 A S 48.2% 51.8%
C17H04 C17 4 A A 62.8% 37.2% C17H48 C17 48 A A 64.2% 35.8%
C18H04 C18 4 A A 50.3% 49.7% C18H48 C18 48 A A 56.3% 43.7%
CO03H04 C03 4 S S 28.8% 71.2% CO03H48 C03 48 S S 29.2% 70.8%
C04HO08 Co04 8 S S 39.1% 60.9% C04H48 Co04 48 S S 41.6% 58.4%
C06HO04 Co06 4 S A 51.5% 48.5% CO06H30 C06 30 S S 47.9% 52.1%
CO07H04 C07 4 S S 41.1% 58.9% CO07H42 C07 42 S S 34.5% 65.5%
CO09HO08 C09 8 S S 42.8% 57.2% C09H48 Co09 48 S A 50.8% 49.2%
C11H04 Cl1 4 S S 27.5% 72.5% C11H48 Cl1 48 S S 19.8% 80.2%
C15H04 Cl15 4 S S 43.7% 56.3% C15H48 Cl15 48 S S 42.3% 57.7%
C16H04 Cl6 4 S S 31.4% 68.6% C19H96 C19 96 S S 24.1% 75.9%
CI19H04 C19 4 S S 35.2% 64.8% C20H42 C20 42 S S 41.6% 58.4%
C20H04 C20 4 S S 31.8% 68.2%

Subject 16 Hrs42 chip has quality issues.



Table 1: List of 18-Gene Predictor

213478 at KIAA1026 chrlp36.21 -3.234 | Plasma Membrane other

209396 s at CHI3L1 chrlqg32.1 -3.221 | Extracellular Space enzyme

205033 s at DEFA1 chr8p23.1 -3.005 | Extracellular Space other

205040 at ORMI1 chr9q31-q32 -2.994 | Extracellular Space other

203936 s _at MMP9 chr20q11.2-q13.1 -3.015 | Extracellular Space peptidase

207269 at DEFA4 chr8p23 -2.802 | Extracellular Space other

203691 at P13 chr20q12-q13 -2.879 | Extracellular Space other

219594 at NINJ2 chr12pl3 -3.140 | Plasma Membrane other

205844 at VNNI1 chr6q23-q24 -2.762 | Plasma Membrane enzyme

221491 x at hCG 1998957 chr6p21.3 2.538 | Plasma Membrane transmembrane receptor
218272 at FLJ20699 chr22ql13 3.167 | Unknown other

202869 at OAS1 chr12q24.1 2.992 | Cytoplasm enzyme

209433 s at PPAT chrdql2 2.996 | Cytoplasm enzyme

203290 at HLA-DQAI1 chr6p21.3 2.647 | Plasma Membrane transmembrane receptor
218638 s at SPON2 chrdp16.3 3.039 | Extracellular Space other

212070 at GPR56 chrl6ql2.2-q21 3.008 | Plasma Membrane G-protein coupled receptor
204439 at IF144L chrlp31.1 3.037 | Unknown other

219269 at HMBOX1 chr8p21.1 3.588 | Nucleus transcription regulator

Up-regulated genes in symptomatic cases

Down-regulated genes in symptomatic cases




Table 1 (Cont’d): Function of 18-Gene Predictor

213478 at KIAA1026 kazrin Cellular development and organ morphology
. . ) . A tiny variation in a gene known as CHI3L1 increases susceptibility to asthma,

209396_s_at CHI3LI hit 3-like 1 (cartil 1 tein-39 . o .

i chitinase 3-like 1 (cartilage glycoprotein-39)_ bronchial hyperresponsiveness and decline in lung function (NEJM Apr 2008)_
205033 s at DEFA1 defensin, alpha 1 Innate immune response to pathogen
205040 at ORMI1 orosomucoid 1 Inflammation modulating molecules
203936 ; MMP9 matrix metallopeptidase 9 (gelatinase B, 92kDa Regulator of cellular migration, likely plays a role in recruitment of leukocytes

s a

- gelatinase, 92kDa type IV collagenase) other than chemokines

207269 _at DEFA4 defensin, alpha 4, corticostatin Innate immune response to pathogen
Elafin reduced the activation of infl tory TF NFKB (anti-infl t

203691 at P13 peptidase inhibitor 3, skin-derived (SKALP)_ At redueed e activation ot TRHAtmatory (anti-inflammatory

_ effect)
219594 at NINJ2 ninjurin 2 Cell adhesion

. ) homolog to mouse VNN, involved in lymphocyte migration in cell adhesion

205844 at VNNI1 vanin | (Pantetheinase precursor)_ ) o .

- and in the colonization of the thymus by hematopoietic precursor cells

hCG 19989 . .
221491 x at 57 - major histocompatibility complex, class II, DR beta 1 | Antigen presentation
218272 at FLJ20699 hypothetical protein FLJ20699
202869 at OAS1 2',5"-oligoadenylate synthetase 1, 40/46kDa Interferon signaling (inhibition of virus replication)_
209433 s at PPAT phosphoribosyl pyrophosphate amidotransferase
jor hist tibilit lex, class II, DQ alph ) .

203290 at HLA-DQAI1 rlnajor [SIOCOTPAtDTILY COmPpIER, Class Qalpha Antigen presentation
218638 s at SPON2 spondin 2, extracellular matrix protein Critical in antigen presentation and initiation of innate immune response
212070 at GPR56 G protein-coupled receptor 56 Signal transduction
204439 at IF144L interferon-induced protein 44-like
219269 at HMBOX1 homeobox containing 1 Transcription repressor

Up-regulated genes in symptomatic cases
Down-reaulated aenes in svmptomatic cases




Functional Analysis Using Ingenuity Reveals Major Involvement by 18
Predictor Genes in Canonical Inflammatory and Infectious Disease Pathway

HLA-D 3

Not in pathway

Up-regulated genes in symptomatic cases

KIAA1026

U

Down-regulated genes in symptomatic cases

DEFA4

DEFA1 (inclides EG:1667)

NINJ2

hCG_1998957

T

FLJ20699

2 (PAI-2): An Eosinophil protein
related to response

P
-y
L e ¢ TME: »58
HL. 4
Hl_Bs
.@ Plasminogen activator inhibitor
© 2000-2008 Ingenuity Systems, Inc. All rights reserved. found to be

SPON2

to RSV infection

Another PA

inhibitor SERPINE2

(PN-1) is significantly



Legend of Pathway Analysis Diagram

Network Shapes
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Time Series Analysis Using EDGE ---- Two Densely Sampled Subjects

Model fitted: natural cubic spline with basis dimension = 4 for 12 time points



Heatmap of 41 Top Significant Genes (g-value < .5%) ------
Critical Role of Ig Light Chain in Immune Response to RV infection?

Incoming densely sampled cases will provide more insights
“ pAM 18 genes predictor
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Pathway Analysis of 41 Top Significant Genes (g-value < .5%)
Reveals Direct Involvement in Immune Rgg_c_:tion
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* 15 out of 41 genes are directly related to immune response
(colored in pink to red depending on its sianificance)



Pathway Analysis of 41 Top Significant Genes (g-value < .5%) Reveals
Direct Involvement in Cancer or Organismal Injury and Abnormalities

ZMYNDE
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* 18 out of 43 genes are directly related to cancer or organiémal injury and abnormalities
(colored in pink to red depending on its sianificance)



Time Course Analysis Using 5 Samples Per Individual at BL/0.1T/0.8T/T

e

Expected Score



Expression Pattern of 7 Predictor Genes Whose Time Course

Analvsis Results Are Alg?mSiqnificant (a-value <25%)
14
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1. Inside each box, 5 time points are shown: BL/T0/T0.1/T0.8/T
2. Individual 16 missina 42hrs and individual 14 missina 96hrs. data imnuted usina closest time noint
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Expression Pattern of 7 Predictor Genes Whose Time Course

Analysis Results Are Also Significant (q-value <25%) _
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Inside each box, 5 time points are shown: BL/T0/T0.1/T0.8/T
Individual 16 missina 42hrs and individual 14 missina 96hrs. data imnuted usina closest time noint
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Expression Pattern of 7 Predictor Genes Whose Time Course

Analysis Results Are Also Significant (g-value <25%)

ORM1
A01 A02 05 08 10 12 13 14 17 18 03 04 06 07 09 11 15 16 19 20
TN NI Y " .
TS AT AR WA 1
s \\l\f\ *NA A L, 1A ' ' N,
A L VN A RES
SYER YN
HMBOX1
01 02 05 08 10 12 13 14 17 18 03 04 06 07 09 11 15 16 19 20
A A A
ﬁAﬂwﬁﬁA [ ) MMMWWMMWW%f i
" |l

1. Inside each box, 5 time points are shown: BL/T0/T0.1/T0.8/T
2. Individual 16 missina 42hrs and individual 14 missina 96hrs. data imnuted usina closest time noint
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Expression Pattern of 7 Predictor Genes Whose Time Course

Analysis Results Are Also Significant (q-value <25%) _
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Major Canonical Signaling Pathways and Metabolic Pathways
Involved by Top Significant Time Course Genes (q-value<5%)_

W Time.Course.SAM #- Ratio

-log(B-H p-value)
0.0 0.5 1.0 1.5 2.0 2.5 30 35 4.0 4.5

[nterferon Signaling

Complement System

Glycosphingolipid Biosynthesis - Globoseries
IL-10 Signaling

Aminosugars Metabolism

Antigen Presentation Pathway

0.000 0025 0050 0075 0100 0125 0150 0475 0200 0225 0250 0275 0300 0325

Ratio

Pathway Significant Genes
Interferon Signaling IFITLIFIT3,0AS1IFITMI1,IFI35,MX1,PSMBS8
Complement System CFD,CD59,SERPINGI1,C1QA,CIQB,C34R1,C2
Glycosphingolipid Biosynthesis - Globoseries NAGA,GLA,GM2A4,HEXB
IL-10 Signaling CCRI,FCGR2C,MAPKI14,BLVRA,ILIB,CD14
Aminosugars Metabolism NAGK,GM2A,HEXB,HK3,NANS
Antigen Presentation Pathway PSMBY9, HLA-DRA,PSMBS, MR 1




Major Disease and Disorders Involved by Top
Significant Time Course Genes

-log(B-H p-value)
10 05,20 25 30 35 40 45 50 55 60 65 70 75 80

=
=
=
i

Immunological Disease

Inflammatory Disease

Connective Tissue Disorders

Skeletal and Muscular Disorders
Organismal Injury and Abnormalities
Cancer

Dermatological Diseases and Conditions
Genetic Disorder
Cardiovascular Disease
Hematological Disease
Neurological Disease
Viral Function

Infectious Disease

Viral Infection

g-value<5%)
Diseases /
Disorders Significant Genes
Immunological FCAR,C1QA,FCGRI1A,PLA2G7,FCN1,G0S2,CCR2,CYBB,H
Disease NMT,KCNJ15,ANXA2,CD33 etc.
Inflammatory C1QA,FCGR1A,PLA2G7,GSTZ1,FCN1,G0S2,CCR2,IFI30,CY
Disease BB, HNMT,KCNJ15,CPVL,CD33 etc.

Connective Tissue

ADM,GADD45B,PRDX1,TNFSF10,CASP4,C1QA,SLPLFCG

Disorders R1A,G0S2,FCN1,CCR2,LGALS8,HLA-DRA etc.

Skeletal and

Muscular ADM,TNNT1,GADD45B,PRDX1,TNFSF10,C1QA,SLPLFCG
Disorders R1A,CLEC4A,FCN1,G0S2,CCR2 etc

Organismal Injury
and Abnormalities

ADM,SERPINGL,IFI27,BATF,NRG1,TNFSF10,IFI35,C1QA,C
ASP4,ECGF1,CES1 etc

Cancer

FCAR,CFD,CAMKI1,AIM2,LMO2,ECGF1,LOH11CR2A,PLA
2G7,CCR2,CTSH,LGALSS,IFI30,SERPINB?2 etc

Dermatological
Diseases and
Conditions

ANX2P2,SERPING1,CCL23,IL15,CD36,TNFSF10,CPVL,S10
0A12,FCGR1A,PLA2G7,CDID etc

Genetic Disorder

ANX2P2,CST3,CCL23,HLA-
DRA,FCERIG,IFI30,CPVL,PLA2G7,LGALS] etc.

Cardiovascular ADM,SERPINGI1,CD59,RSAD2,CD36,TNFSF10,C1QA,LRPA
Disease P1,KLF4,PLA2G7,MAPK 14 etc

Hematological FCAR,GADD45B,PRDX1,TNFSF10,CASP4,C1QA,SLPI,PLA
Disease 2G7,FCGRI1A,CD1D,CST3,CSF2RA etc

Neurological S100A6,NRG1,TNFSF10,CASP4,C1QA,ECGF1,FCGRIA,LR
Disease PAP1,CD1D,NAIP,CCR2,CDKS etc

Viral Function

HBXIP,S100A9,PRDX1,RSAD2,IL1B,TNFSF10 etc

Infectious Disease

CCR1,CCR2,IL15,CYBB,CASP1,CD86,CD14,C1QA,ANXA2,
CASP4,C2,CDI1D etc

Viral Infection

CSF2RA (includes EG:1438),LRPAPI etc




Canonical Pathway Involvement by Significant Genes:
Cellular Growth and Proliferation / Organism Injury

-(AGS

CES1 (incl‘ EG:1066)
CSF2RA (ins EG:1438)

-
™

L

© 2000-2008 Ingenuity Systems, Inc. All rights reserved.



Canonical Pathway Involvement by Significant Genes:
Immunological Diseases
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Canonical Pathway Involvement by Significant Genes:
Immunological Diseases




Canonical Pathway Involvement by Significant Genes

Inflammatory Diseases

VitaminR_R}(R




Random Forest Analysis

Random Forests: Ensembles of tree based classifiers
using lasso selection (Breiman 1990).

Ys=a1*f1(Xs) +...+an*fn(Xs) + 11(a1...an)

For classification Y is symptom 3-level sx of each chip

For prediction Y is the end state (sx or asx) of each chip

RF trained on Y and X=genes, metabolites, AA/AC and
immunoassay data over days 0-3).

Stratified sampling used to compensate for unbalanced
groups



Forward Prediction at 0.2T




Forward Prediction at 0.8T




Observations from RF analysis

GO information embedding was applied to mRNA data prior to RF
Perfect forward predictions of symptom onset from 0.2T and 0.8T.
Biological validation is necessary (Gene, Metabolomic Ontology)

MRNA is enhanced by other biomarkers, esp. immunoassay

Current state estimation may allow the registration of patient state
along their symptom/viral titer curve (see Extra slides)

Cross-platform data normalization does not appear to add much
value.



DMDA

 Differential motif discovery and analysis (Hero:08) discriminates between
graphical model for A and S interactions (gene-gene, gene-protein, protein-

protein)
» Guiding principle: gene regulation network adapts in response to infection

« Method: detect consistent changes in loci of a small number of genes by

comparing within-chip mRNA correlations in A and S groups
— 1. Normalize mean and variance within each group at TO, 0.1T, 0.8T, T
— 2. Sparse approximation to whole-chip (23Kx23K) covariance matrix

— 3. Sparse matrix manipulation to detect pairs of “pivotal” mRNA probes

with high correlations of opposite sign in A and S.

— 4. From these pairs construct interaction graphs under A and S
(A. Hero, report in preparation, 2008)



Rhino-data at 0.8T
DMDA -> IFIT5+SRGAP2 loci
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Rhino-data at 0.2T
PLEK,MMP11,TRIM3, ANKRDA40 loci

Asymptomatic group
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Functional Analysis of High Score Genes From DMDA Analysis
Pathway Related to Respiratory Disease

Network 5 : prof.hero motif : prof.hero.motif

secT

F@z C ‘V"’ CKS2 (in& udds EG:1164)
ZNF673



Functional Analysis of High Score Genes From DMDA Analysis

Top Rank #1 Pathway Related to Tissue Development

SSTRS

© 2000-2008 Ingenuity Systems, Inc. All rights reserved.



Path Forward

- Integration/completion of all analyses

« CV, integrate results, include missing chips
> Integrated pathway analysis (genetic, metabolic)
- ldentify stable targets for on-chip diagnostic testing
> Refine and validate results on new mRNA chips

- Further refine for cohorts in Challenge Il and Il



Extras

RF predictor with Z-score normalization
RF for current state estimation
DMDA: Under the hood

Sampling matrices and timing



Forward prediction at 0.8T
(scaled)

CV error rate: 45%. Prediction accuracy 100%.



Current state estimation
(PAM+DMDA genes)




PAM+DMDA genes (scaled)




Current State Estimation
(Metabolites)_




Metabolite (scaled)




Current State Estimation (AA/AC)




AA/AC (scaled)




Current State Estimation
(Immunoassay)_




Immunoassay (scaled)




Current state estimation

PAM+DMD | Metabolites |AA | ImmunoAssay | All(15)

A genes (5)_ (M- 1O
(12)_
Scaled 32.08 37.74 4245 |22.6 32.8

Unscaled |31.13 40.57 46.23 | 23.38 31.2




DMDA - Under the Hood

AASS Min/max degree and motif overlap Vertex degree (b) and motif impurity x 10 (r)
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Revised sampling protocol

Subject 30-Mov  1- DecPre 1-Decd hr 1-Dec8hr 1-Dec12 hr 2-Dec 20 hr 2-Dec 24 hr 2-Dec 30 hr 2-Dec 36 hr 3-Dec 42 hr 3-Dec 48 hr 4-Dec 5-Dec 6-Dec Sx Onset T (hours) N tube:

Symptoms

3 X X X X X X 12 noon 12/3 53 8
4 X X X X X X X 5PM12/3 58 5
& KK MK @ KX XX HX xX xx XK XX XX XX p 4 12 noon 12/3 53 26
7 X X * *x X X x 2/3/2008 15:00 54 7
X X X X X X /2008 6:30 71 6

X X X X X x 12/4/2008 6:30 71 5

{ X X X X x 12 noon 12/3 53 5

d) X X GO @ X X X 3AM12/2 a4 7

20 X X X *x X X x 7 AM 12/3 48 7
1 X X X X * X x 7
bl ¥ ¥ X ¥ % X X 7
5 ¥ ¥ X ¥ % X X 7
3 ¥ X WX KX KX ¥ KK WX e KX W e e 2%
11 X X X X ¥ x» ¥ 7
1 X X X X ¥ ¥ ¥ 7
X X X X X ® 7

14 X X X X X X CE:L_D 7
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i3 X X X x ¥ ® ¥ 7
19 X X X o X X X 7
* = marginal sx 173
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Time Sampled [24:00 hr)
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