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Foundations of Cancer Therapy
(WuXing Again)

S « Anti-VEGF « Erythropoietin
* Chloroquine * Thrombopoietin
* Interleukin 11
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Factor (PDGF)
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TCR/BCR Diversity Enabling Recognition of Antigen Is
Generated by V(D)JC Recombination
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D50 in 29 Advanced Renal Cancer Patients
Treated with High Dose Interleukin 2 (IL-2)
and Hydroxychloroquine Associated with
Clinical Response

= l e Response 3CR, 3PR
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o Cancer Immunity: Robust

NextGen

Sequencing of Immune

Repertoires in Blood, Tumor, and Single

Cells

Faculty Investigator,

HudsonAlpha Institute for Biotechnology
Director, The R10K Project

CEO, iRepertoire

Jian Han, MD., Ph.D.






Re-thinking diagnostics

Research
to find the

Develop a
method for

Patients =
with similar to find the

Identify the Regulatory

approval

signal

Development  Marketing

Research
to find the

Signal identification requires human knowledge;
Signal detection requires human technology.

Research



Immune receptors are disease sensors

ANTIBODY SPECIFICITY  Anindividual animal

can make billions of
heavy chain different antibody
molecules, each with a

distinct antigen-binding
W site. Each antibody
light chain recognizes its antigen

k ; s e
antigen \ with great specificity.

e
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They are very specific, and sensitive and it is non-invasive.




The immune system is the best doctor

Inflammation 9 . 6 '
Tissue damage Autoimmune
/
/

External threats Internal threats
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Repertoire Diversity

Heavy-Chain Genes

Light-Chain Genes

l rearrangement
Variable region

5000 000
Rearranged DNA

l Transcription l rearrangement

RNA splicing
-S00060 Rearranged DNA
mRNA L Transcription
Variable region Translation - RNA splicing
D80
mRNA

l Translation

Variable region

————» Constantregion —— [ Lk

U
Heavy-chain polypeptide Light-chain polypeptide

Human: 10'° TCRs!!! Each cell has its own barcode.



Methods

Blood or Tissue

RNA or DNA
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High throughput sequencing reveals a complex
pattern of dynamic interrelationships among human T

cell subsets

Chunlin Wang?, Catherine M. Sanders®, Qunying Yang®, Harry W. Schroeder, Jr.%, Elijah Wang®, Farbod Babrzadeh?,
Baback Gharizadeh®, Richard M. Myers", James R. Hudson, Jr.”, Ronald W. Davis*', and Jian Han®'

“*stanford Genome Technology Center, Palo Alto, CA 94304; "HudsonAlpha Institute for Biotechnolagy, Huntsville, AL 35806; and "Departments of Medicine
and Microbiology, University of Alabama at Birmingham, Birmingham, AL 35294

Contributed by Ronald W. Davis, December 8, 2009 (sent for review October 9, 2009)

Developing T cells face a series of cell fate choices in the thymus and
in the periphery. The role of the individual T cell receptor (TCR) in
determining decisions of cell fate remains unresolved. The stochas-
tic/selection model postulates that the initial fate of the cell is
independent of TCR specificity, with survival dependent on addi-
tional TCR/coreceptor “rescue” signals. The “instructive” model
holds that cell fate is initiated by the interaction of the TCR with
a cognate peptide-MHC complex. T cells are then segregated on the
basis of TCR specificity with the aid of critical coreceptors and signal
modulators [Chan S, Correia-Neves M, Benoist €, Mathis (1998)
Iimmunol Rev 165: 195-207]. The former would predict a random
representation of individual TCR across divergent T cell lineages
whereas the latter would predict minimal overlap between diver-
gent T cell subsets. To address this issue, we have used high-
throughput sequencing to evaluate the TCR distribution among
key T cell developmental and effector subsets from a single donor.
We found numerous examples of individual subsets sharing iden-
tical TCR sequence, supporting a model of a stochastic process of
cell fate determination coupled with dynamic patterns of clonal
expansion of T cells bearing the same TCR sequence among both
CD4* and CD8+ populations.

CDR3 | clonal expansion | immune repertoire | T cell receptor

the V(D)J combination, form the center of the antigen binding
site where they often play a critical role in defining the affinity and
specificity of the receptor for individual peptide-MHC complexes
(5) of both the TCRa and TCRf chains. Our goal was to produce
comprehensive, unrestricted profiles of TCR diversity for key
subsets of T cells isolated from the blood of a healthy individual at
sequence-level resolution.

Results

In total, approximately 1.67 million effective sequence reads,
which correspond to sequenced cDNA molecules, were generated
for eight distinct T cell populations isolated from peripheral
blood from a healthy, east Asian male, age 48, who had no known
illnesses at the time of blood donation and reported feeling nor-
mal and well during the month before the sampling of his blood
(Table 1). The first amplification sampled CD3+ T cells in gen-
eral (panT) (Figs. S1 and $2). Four additional amplifications (T¢,
Tr, Thl, and Thl) sampled T cell subsets with divergent effector
functions; the final three amplifications (Tn+t, Ta, and Tm)
sampled T cells at different stapges of T cell development (57 Texy,
Figs. 51 and 53, and Tables 51-53). From these sequence reads,
about 1.48 million CDR3J intervals were identified, totaling
169,977 and 113,290 unique CDR3 intervals for TCRo and TCRp

chains. resnectivelv. With a few excentions. a hichlv random




Table 1.

Sequence reads and CDR3 for different subsets of T cells

Unique CDR3'

TCRa TCRp

Subset Cell count Effective read* Total CDR3 aa na aa na

Tr 6.30 x 107 206,087 179,354 34,804 38,773 22,906 23,654
Th1 1.84 x 108 174,046 150,122 29,471 32,518 19,644 20,061
Th2 1.94 x 107 105,567 91,369 14,038 15,301 6,250 6,447
Tc 1.69 x 108 221,832 200,412 16,654 18,214 9,310 9,735
Tn+t 9.52 x 107 213,054 191,121 22,728 24,652 13,947 14,373
Ta 8.89 x 10° 187,494 167,727 9,052 10,084 3,873 4,129
m 1.45 x 107 168,301 146,762 16,302 18,049 15,081 15,536
panT 3.77 x 107 283,241 251,665 37,857 42,045 26,981 27,960
pan T* — 80,246 71,765 15,638 16,622 10,308 10,483
pan T° — 30,579 27,263 7,794 8,130 5,334 5416
Total — 1,670,447 1,477,560 137,751 169,977 106,903 113,290
Public® — 1,311 1,222 203 210 916 938
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Re-thinking cancer

Infections
Inflammations

Cancer

l Autoimmune

I

Cancer

Vaccines l
more somatic
) mutations
. mati
Genetic So aFc
mutations

predispositions

Immunity

>

Health Death




Re-thinking cancer

 Are “driver mutations” really
driving cancer development? or are
they “passengers” of a runaway car
with a broken immune system?



New needs

* More accurate and
comprehensive evaluation of
immune status: overall force

number) and capabilities
diversity), and deployment
tissue distribution).



Different from sequencing genome

* De novo sequencing, no “standard
repertoire”

* Private and dynamic repertoire.

* Don’t know the size of repertoire
universe

* Noise everywhere.




Signals Vs. Noise

Signal

CDR3s
shared
(lost) only
In patients.

Noise

Private CDR3s

ery public CDR3s

Contamination
(sample, amplicon,
hardware)

Biological noise

Analytical noise



Is your (sample) data representative enough and include disease signal?

Body: ~5x10'* T cells

Blood: ~ 1x10% T cells/10L

A Blood Sample:
10 Million T cells/10 ml

RNA: 350k uCDR3s/5M reads



Exhaustive sequencing of one individual
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The distribution of CDR3s in one individual

Frequency

500000 1000000 1500000 2000000

0

CDR3 Frequency Distribution Exhaustive Sequencing

* 2319903 = 5068727

4

I I I

10 20 30 40

Number of Samples Containing CDR3

Of the ~300k CDR3s found in one sample, only the top

~10K is constantly found in all 40 samples from the
same individual.



In a person, repertoire (CDR3) distribution is long
tailed.

Frequency

CDR3 clone types



Repertoire distribution in a population.



1The daistribution ot CDR3S In
1000 individuals

The universe of T cell repertoire (TCRB)

often shared

0% 1000 samples analyzed

rarely

_shared 3,428,836,771 reads obtained (pair-end, 150bp)

75 million uniqgue CDR3s were found

81% not shared
12% shared by 2-3 people
7% shared by 4-100 people

0.01% shared by >50% of the people!



In a population, repertoire distribution is also long
tailed.

Frequency

CDR3 clone types



The long tail is largely noise.

Quantitative analysis is the key.



Single cell isolation methods




. 4. Next
| Generation

Sequencing

7-Chain damPCR Method

2. All-in-on&/primer mix N
covering TCR alpha, beta,
delta gamma and BCR IgH
applied to RNA using dam-
PCR strat

3. Library
clean-up




5-Chain damPCR Method
5. IRMap Data Analysis Pipeline

Top 10 most frequent alignments listed !
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Publicity Index

Cord blood
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Wellness Index: Number of top
1000 publicCDR3s in 100,000
reads. Average 0.35.

24 yr. 214k uCDR3. Health Index 0.618 64 yr. 14k uCDR3. Health Index 0.062



Sharing Index
ldentify disease specific linklet analysis (DSLA)

Collecting patients and
conIroI samples

Collecting testing
Get unigue CDR3s samples

(UCDR3s) _
Get unigue and

Get the disease specific dominant CDR3s

CDRjS (dCDR3s) - F?: Forming positive
Identify disease specific i i - linklets

linklets (DSLS)
Signature Disease
Discovery diagnoses

Analysis

“ How many DSLs can be found in a test
sample’s top ranked CDR3s? ”
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DSLA for TB
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TE_patients TE_Contral 2ndTE_group Latent TE

R10K collaborator: Dr. XinChun Chen
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DSLA of CMV Negative and Positives
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R10K collaborator: Dr. Antoine Blancher
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DSLA for Liver Cancer

LiverCancer

Controls

Cirrhosis

138Controls CMVN

R10K collaborator: Dr. James Yang
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DSLA for Renal Cancer

NegCtl

R10K collaborator: Dr. Michael Gorin
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Four Normal
Individuals
Have Grossly
Different
Distribution
Of TCRs
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500 Million Years of Adaptive Immunity-Wu Xing

The Immunologic Big Bang

® NK Cells
o Wood (liver)

Antibody

(B cells) Water (kidney ) @ ’ S R, . O Fire (heart) NKT Cells

‘9 - Assist
a Against
Metal (lun )
étal {flung Soil (spleen )
aff T cells vd T cells

"WU zhdng litixing zh qi" (A& 1T 2 %K) or "the five
types of chi dominating at different times".

49



Randomized Phase Il Trial of Pre-Operative nab-
Paclitaxel and Gemcitabine+/- Autophagy
Inhibition with Hydroxychloroquine In Pancreatic
Adenocarcinoma=PGH

(RO1 CA160417)

C1 Gem/Abraxane C2 Gem/Abraxane surgery
PG l l l
Arm A
Resectable / C1 Gem/Abraxane C2 Gem/Abraxane Surgery

or Borderline

SN l l

PGH Arm B ‘
D1 Hydroxychlorogquine 600mg/BID D70

120 Patients Consented, 64 completed



Administration Of Hydroxychloroquine (PGH) Improves

18 Pathologic Response To Preoperative Gemcitabine And
Paclitaxel (PG) Using Evan’s Grading
N PG m PGH
14 (p=0.00016)
12
3
‘10
A
S 8
=
6
4
2
0
lla llb 11

Pathologic Response to Therapy (Evan’s Grade)

Evan’s grade defines the pathologic response to chemotherapy



Change in CA 19-9 (%)

Administration Of Hydroxychloroquine (PGH) Improves CA 19-9 Response To

50

-50
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Preoperative Gemcitabine And Nab-paclitaxel (PG) Treatment

p=0.0005
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Decrease in CA 19-9 Correlates with Overall Survival

2 4 Decrease in CA 19-9 e O Decrease in CA 19-9
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A. SQSTM1/p62

PGH

PG

CD4/CD8

PGH

PG

Resc..cd Patients with increased SQSTM1/p62 expression
(p<0.001) and tumor infiltration with lymphoid cells
(p<0.001)



Autophagy Inhibited Based on Cytosolic

SQSTM1/p62 Increase

PG PGH

Mean Value Reported n=30 n=32 P

% Cytoplasm SQSTM1 27.5 43.6 0.028
% Nuclear SQSTM1 28.6 36.9 0.367
% PCNA + 41.3 43.8 0.735
% CC3 + 0.84 0.83 0.960
% HMGB1 + 42.3 42.7 0.989
% Beclin 1 + 52.5 50.9 0.860
% Atg7 + 50.9 48.6 0.746
% LC3B + 31.2 28.8 0.506
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Eg Evans IIb Evans Il

O 86% | CA19-9 CA19-9nota

HGMB1 marker
Evans | Evans IIb 20x magnification 0SQSTM#'/pG'Z
68% | CA19-9 86% decrease CA 10x magnification

19-9

Retained nucicar miviadl, increased SQSTM1, tumor CD4,
and tumor immune infiltration



Retained Nuclear HMGB1 is

Prognostic for Outcome  gummsa
Independent of Treatment s Syl &
Arm

HMGBL1 has distinct compartmental roles with a |
nuclear role to promote DNA damage repair and

sequestered with apoptotic death; cytosolicand -+ =
extracellular HMGBL1 is associated with R
autophagy and necrosis. R

Marker Hazard 95% CI| p-value

% CC3 + 0.36 (0.18, 0.73) 0.001

% HMGB1 +  0.95 (0.93,0.98) 2.08x105 s,
% Atg7 + 1.02 (1.00,1.04) 0.081 oo
% Cyto p62 + 1.03 (1.01,1.05) 0.001 | -

Tumor CD4 0.99 (0.97,1.00) 0.002
Tumor CD8 1.01 (1.00,1.02) 0.123
Tumor Infiltrate 0.10 (0.02,0.47) 0.001 g\ oE
Stroma Infiltrate 4.33  (1.82, 10.32) 0.0002 &t
% PDL-1 + 0.77 (0.53,1.10) 0.124 - .5
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APRIL/BAFF Increases in the Serum associate
with Less Survival only in PG Arm
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Resected human tumor treated with
chemotherapy + CQ (A) show increased PD-L1
expressing immune infiltration as compared to

chemotherapy alone (B)
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IgH MRNA C
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Patient 81 Progressed Quickly and Died
at 5 %2 Months

Patient 81 - unique CDR3 for TCR beta, with respect to time point 1

ASSSQERPNTEAF 1 2085421 1 1601175 2 1289557
ASSQEEGRVNGYT 5 1847743 5 1205289 5 648784
ASSMQGY TEAF 3 1301953 3 854743 1 1621080
SAIQGKGNEQF 4 399956 5 285054 4 230255
ASSPAGTGSNQPQH 5 320523 21 125104 5 200131
AISLGGYYEQY 5 179189 40 87741 5 174494
ASSQERGAYNEQF 7 144902 37 90680 14 39898
ASSPLKGFNEQY 8 118218 30 103274 9 102228
ASSENRFTDTQY 9 105651 7 225860 10 99024
ASSEALDEQY 10 103169 41 87321 8 118732

Pre-Chemo Post-Chemo Post-op



PreChemo

IgH mMRNA
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TRPB
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PostChemo

PostOp
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Patient 103 Had an RO Resection and Has Not Recurred

CDR3 Rank 103-- 103-1 Rank 103-2 103-Z2 Rank103-3 103-3
SAGPGLEEYNEQF 1623720 1 3808674 104 395

1

ASSKOGSTEAF £ a0S73E £ 1053233

SARDPSGPGYT 3 N5236

ASSDSLEKDNEQF 4 32643 T GZ3043

ATSTAGPSSYNEQF = 437z
5
T
g
3

ASSITSGOYNEGF 43535
SAGSTSGGTSSYNEQF 43055
SVEGGTGITOTOY 37530
SASRPGDGPGH 35530
ASSLRENGPOQH 10 33N
AlIRDRGRMNEELF

ASSFLSAPLH

ASSEVSTHNEQF

SYLRTFGQRAF 40 21481
SARGSYANSNYGYT SO6ETE
SYRLAGGYGNGPQH 412670
ASSOQDADGTGCGTYQRAPRTOTOY o 346706
ASSQAVYNSNOPOQH

ASSLGYRPYSNQPGH

AISEFQGFNEKLF

AISYRYNYGYT

ASSPGOGEGYEQY

ASSLAGMNGPOH

ASSVELAGSTOTQY

AISYROGRGY'T

ASSTGTGINEQY

ASSOEVRYEQY

73197
G32a37
BESOS2
B53335

L w1 S < %

374363
192623
131436
1523352
128343
37300
333385
TI0E
B303T
SE363

Pre-Chemo Post-Chemo Post-op
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D50 Alpha Chain Falls During Chemotherapy in Those on HCQ
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summary

e Better mPCR, better NGS library, better results.

e Detecting signals require inclusive, quantitative, and complete
repertoire analysis.

e |dentify noise, avoid noise, remove noise.

e Macro- and Micro- indexes for clinical applications.

o “RNICXN1E, BELAJFR“—Victory is secured only when you know

your own strength as well as your enemy’s weakness.
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