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Why Women Live Longer Than Men



Foundations of Cancer Therapy 
(WuXing Again)
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• Stromal 
Component

• Tumor 
Associated 
Macrophages

• MDSCs

• Neutrophils

• Erythropoietin

• Thrombopoietin

• Interleukin 11

• Red Cell 
Infusions

• Platelet Derived 
Growth Factor 
(PDGF) 

P
la

te
le

ts
 a

n
d

 R
B

C



TCR/BCR Diversity Enabling Recognition of Antigen Is 

Generated by V(D)JC Recombination





IgH κ λ α β δ γ

D50 in 29 Advanced Renal Cancer Patients 

Treated with High Dose Interleukin 2 (IL-2) 

and Hydroxychloroquine Associated with 

Clinical Response

3CR, 3PR



Jian Han, MD., Ph.D.

Evaluating 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





Patients 

with similar 

symptoms

Research 

to find the 

causes

Research 

to find the 

difference 

with the 

normals

Research 

to find the 

difference 

with other 

diseases

Identify the 

disease-

specific signal

Develop a 

method for

signal 

detection

Regulatory 

approval & 

commercialize

Research

Development Marketing

Re-thinking diagnostics

Signal identification requires human knowledge;

Signal detection requires human technology.



Immune receptors are disease sensors

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



The immune system is the best doctor

External threats Internal threats

Inflammation

Infection

Autoimmune

Cancer 

Tissue damage

Abnormal growth



Repertoire Diversity

Human: 1015 TCRs!!!  Each cell has its own barcode.



Methods

Blood or Tissue

RNA or DNA

mPCR

NGS







2D Map



Normal Asian Male Pan T cell TCRA



PanT Treg

Tc Neutrophil



Normal Male Pan T cell TCRB



Lupus patient Pan T cell TCRB



Colon cancer patient Pan T cell TCRB



Normal

Lupus

Colon Cancer

TCRB



Genetic 

predispositions

Somatic 

mutations

more somatic 

mutations

Infections

Vaccines

Inflammations

Autoimmune

Cancer

Health Death

Cancer

Immunity

Re-thinking cancer



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 Noise

CDR3s 
shared 
(lost) only 
in patients.

Private CDR3s

Very public CDR3s

Contamination
(sample, amplicon, 
hardware)

Biological noise

Analytical noise



Blood: ~ 1x1010  T cells/10L

Body: ~5x1011 T cells

DNA: 35k uCDR3s/5M reads

A Blood Sample:

10 Million T cells/10 ml

RNA: 350k uCDR3s/5M reads

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



Exhaustive sequencing of one individual



The distribution of CDR3s in one individual

Of the ~300k CDR3s found in one sample, only the top 
~10K is constantly found in all 40 samples from the 
same individual.
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1000 samples analyzed

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

75 million unique 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!

The distribution of CDR3s in 
1000 individuals
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Single cell isolation methods

Sony sorter + dam-PCR+NGS



7-Chain damPCR Method

α β δ κ ℓ H𝛾

α β δ 𝛾 κ ℓ H

4. Next 

Generation 

Sequencing

1. RNA from frozen 

PBMCs extracted

2. All-in-one primer mix 

covering TCR alpha, beta, 

delta gamma and BCR IgH 

applied to RNA using dam-

PCR strategy

3. Library 

clean-up



5-Chain damPCR Method

5. iRMap Data Analysis Pipeline

iRweb



D50: 0.2D50: 28

Diversity Index



Publicity Index

Cord blood Healthy adult blood



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

Wellness Index: Number of top 

1000 publicCDR3s in 100,000 

reads. Average 0.35.



Collecting patients and 

control samples

Get unique CDR3s 

(uCDR3s)

Get the disease specific 

CDR3s (dCDR3s)

Identify disease specific 

linklets (DSLs)

Collecting testing 

samples

Get unique and 

dominant CDR3s

Forming positive 

linklets

Signature 

Discovery

Disease 

diagnosesSharing 

Analysis

“ How many DSLs can be found in a test 

sample’s top ranked CDR3s? ”

Sharing Index

Identify disease specific linklet analysis (DSLA)



R10K collaborator:  Dr. XinChun Chen

DSLA for TB 



R10K collaborator:  Dr. Antoine Blancher

DSLA of CMV Negative and Positives



DSLA for Liver Cancer

R10K collaborator:  Dr. James Yang



DSLA for Renal Cancer

R10K collaborator:  Dr. Michael Gorin



Four Normal 

Individuals 

Have Grossly 

Different 

Distribution

Of TCRs



49Strictly Private & Confidential InflammaTM Therapeutics

500 Million Years of Adaptive Immunity-Wu Xing
The Immunologic Big Bang

NK Cells

NKT Cells

Antibody

(B cells)

γδ T cellsαβ T cells

"Wǔ zhǒng liúxíng zhī qì" (五種流行之氣) or "the five 

types of chi dominating at different times".



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

(R01 CA160417)

PG

PGH

120 Patients Consented, 64 completed 



Evan’s grade defines the pathologic response to chemotherapy

(p=0.00016)

Pathologic Response to Therapy (Evan’s Grade)
I IIa IIb III

Administration Of Hydroxychloroquine (PGH) Improves 

Pathologic Response To Preoperative Gemcitabine And 

Paclitaxel (PG) Using Evan’s Grading
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Administration Of Hydroxychloroquine (PGH) Improves CA 19-9 Response To 

Preoperative Gemcitabine And Nab-paclitaxel (PG) Treatment



Decrease in CA 19-9 Correlates with Overall Survival 

p=0.02 p=0.09
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Resected Patients with increased SQSTM1/p62 expression 
(p<0.001) and tumor infiltration with lymphoid cells 

(p<0.001)

A.

B.

SQSTM1/p62

CD4/CD8

PGH

PG

PGH

PG



Autophagy Inhibited Based on Cytosolic 

SQSTM1/p62 Increase



Retained nuclear HMGB1, increased SQSTM1, tumor CD4, 
and tumor immune infiltration

A. B.

C
D

4
/C

D
8

   
  H

M
G

B
1

   
   

  L
C

3
B

   
   

 B
ec

lin
-1

C.

PG

Evans I

68% ↓ CA 19-9

PGH

Evans IIb

86% decrease CA 

19-9

PG

Evans I

8% ↓ Ca 19-9

PG

Evans IIb

96% ↓ Ca 19-9

PGH

Evans IIb

86% ↓ CA 19-9

HGMB1

20x magnification

PGH

Evans III

CA 19-9 not a 

marker

SQSTM1/p62

10x magnification



Retained Nuclear HMGB1 is 

Prognostic for Outcome 

Independent of Treatment 

Arm
HMGB1 has distinct compartmental roles with a 

nuclear role to promote DNA damage repair and 

sequestered with apoptotic death; cytosolic and 

extracellular HMGB1 is associated with 

autophagy and necrosis. 

Marker               Hazard         95% CI  p-value

% CC3 +            0.36        (0.18, 0.73)   0.001

% HMGB1 +      0.95        (0.93, 0.98)   2.08x10-5

% Atg7 +            1.02        (1.00, 1.04)   0.081

% 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

Stroma Infiltrate   4.33      (1.82, 10.32) 0.0002

% PDL-1 +           0.77      (0.53, 1.10)   0.124



Serum soluble LAG3 Increases in PG Arm 

Associates with Diminished Overall Survival

A. B.



APRIL/BAFF Increases in the Serum associate 

with Less Survival only in PG Arm



Resected human tumor treated with 
chemotherapy + CQ (A) show increased PD-L1 
expressing immune infiltration as compared to 
chemotherapy alone (B)

A B



Immunologi

c

Budget

13-074

PreChemo

PostChemo

PostOp

IgH mRNA
TRα
TRβ
TRγ
TRδ

No HCQ



Patient 81 Progressed Quickly and Died 
at 5 ½ Months

Pre-Chemo Post-Chemo Post-op



Immunologi
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Budget

13-074

PreChemo

PostChemo

PostOp

IgH mRNA
TRα
TRβ
TRγ
TRδ

+HCQ



Patient 103 Had an R0 Resection and Has Not Recurred

Pre-Chemo        Post-Chemo         Post-op



Publicity Index

Cord blood Healthy adult blood.



D50: 0.2D50: 28

Diversity Index



D50 Alpha Chain Falls During Chemotherapy in Those on HCQ



• Better mPCR, better NGS library, better results.

• Detecting signals require inclusive, quantitative, and complete 

repertoire analysis.

• Identify noise, avoid noise, remove noise.

• Macro- and Micro- indexes for clinical applications.

• “知己知彼，百戰不殆“—Victory is secured only when you know 

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

Summary
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