nMIE%OUp 4™ International Conference and Exhibition on

Accalarating Scientific Discovery

2360 C Circle, Suite 400 i
Hende;rg:ra:% 33373-7352 USA September 28-30, 2015 Crowne Plaza Houston River Oaks, Houston, TX, USA

Innovative Diagnostic Approach
in Primary Immunodeficiency
Disorders

T TR g L
- o - ; '_:,_'- e s i -
- e P T
" E = -
A Z:3 TR LR
L s A~ T T o
i e S 3
" # - _—
- =~ = o
a S e - {'
o - = T,
s =3 -
- : - - o
€ Ty . - - + c;
— o e iy = -
- T - = = = b
. — =
/ .
— .
-
B - &=
-
-




GT 4" |International Conference and Exhibition on
OU

ﬁii%grsgn, r\ivggo;4 ?7;2 f,OSOA September 28-30, 2015 Crowne Plaza Houston River Oaks, Houston, TX, USA

Innovative Diagnostic Approach
in Primary Immunodeficiency
Disorders

Michelle Tseng
mtseng@oandoalpan.com
Amerimmune Immunology Laboratory
Fairfax, Virginia, United States




Impacts of Delayed Diagnosis

Contracted other infections with potentials to
developing long-term diseases

Toni Brooklyn Ethan

Immunodeficiency Canada; retrieved from http://immunodeficiency.ca/support/patient-support-stories/



Presentation Outline

* Overview of Primary immunodeficiency
disorders (PIDs), scope of immune workup,
and diagnosis method

* Discuss challenges in the current
methodology used in PIDs diagnosis

* Introduce the Amerimmune Curbside
Consultation approach

* Summary



Brief Overview of PIDs

* Definition of Primary immunodeficiency
disorders (PIDs):
- group of over 150 chronic immune disorders
- caused by hereditary or genetic defects
- not contagious; characterized by infections
- susceptible to opportunistic infections

* Prevalence of PIDs:
- diagnose at any age
- affect ~ 1 in 1,200 persons in U.S.



Relative Distribution of PIDs:

Cateqgorized by Defect Type

ellular Immunodeficiency (7%)

Combined
Immunodeficiency

Antibody o
Deficiency (23%)

(53% of

live births) SEEEA!

Deficiency (1%)

PMN Dysfunction
: (14%)
Other (2%)

Skoda-Smith and Barrett, Contemporary Pediatrics 17:156-165

* slgA deficiency ranges from 1:300 to 1:100,000
« 80% of affected persons < 20 years of age
« 70% males (5:1 males in children; 1:1 in adults)



Scope of Immune Workup in PIDs
Diagnhosis

* 10 warning signs of PIDs (clues)
* Family medical history
- vaccination record, infections, auto-
Immune disorders... etc.
* Basic and advanced laboratory tests
- lymphocyte lineage enumeration by
flow cytometry
- biochemical tests for soluble molecule
- cellular functional tests
- genetic tests



Scope of Immune Workup:

10 Warning Signs of PIDs
0 Warning Signs

of Primary Immunodeficiency

Primary Immunodeficiency (P1) cavses children and young adults to have infections that
come back frequently or are unusually hard to cure. In America alone, up to 1/2 million
people suffer from one of the 100 known Primary Immunodeficiency diseases. If you or
someane you know are affected by two or more of the following warning signs, speak
to a physician about the possible presence of an underlying Primary Immunodeficiency.

Eight or more new ear Recurrent, deep skin or
infections within 1 year. organ abscesses.

Two or more serious sinus Persistent thrush in mouth or
infections within 1 year. elsewhere on skin, after age 1.

Two or more months on MNeed for intravenous
antibiotics with little effect. antibiotics to clear infections.

Two or more pneumonias Two or more
within 1 year. deep-seated infections.

Failure of an infant to gain A family history of
weight or grow normally. Primary Immunodeficiency.

10 Warnina Sians of Primarv Immunodeficiencyv. Jeffrev Modell Foundation. Retrieved from info4pi.orq.



Scope of Immune Workup in PIDs
Diagnhosis

* 10 warning signs of PIDs (clues)
* Family medical history
- vaccination record, infections, auto-
Immune disorders... etc.
* Basic and advanced laboratory tests
- lymphocyte lineage enumeration by
flow cytometry
- biochemical tests for soluble molecule
- cellular functional tests
- genetic tests



Traditional Step-wise Stages of
Immune Workup Approach

4 Stages of Testing

for Primary Immunodeficiency

e History and physical examination, height and weight
1 + CBC and differential
* Quantitative Immunoglobulin levels IgG, Igh, IgA (related to age)

* Specific antibody responses (tetanus, diphtheria)
2. Response to pneumococcal vaccine (pre/post) [for ages 3 and up)
* IgG subclass analysis

* Candida and Tetanus skin tests
* lymphocyte surface markers CD3/CD4/CD8/CD19/CD16/CD56
3 « Mononuclear lymphocyte proliferation studies
[using mitogen and antigen stimulation)
e Neutrophil oxidation burst (if indicated)

* Complement screening CH50, C3, C4
* Enzyme measurements
|adenosine deaminase, purine nucleoaside phosphorylase)
* Phagocyte studies (surface glycoproteins, mebility, phagocytosis)
£ * NK cytotoxicity studies
* Further complement studies AH50
* Neo anfigen to test antibody production
e Other 5u§nceﬁq¢op|usmic molecules
» Cytokine receptor studies
* Family/genetic studies
4 Staaes of Testina for Primarv Inmunodeficiencv. Jeffrev Modell Foundation. Retrieved from info4pi.ora.



Challenges in Diagnosis of PIDs

* One major challenge contributed by
physicians
- lack of understanding in immune disorders
- Inadequate components of immune
deficiency evaluations
- poor interpretation of test result

* Drawbacks in utilizing the step-wise method
- iInsensitive | Sequential immune
- inefficient | evaluation



A Solution: Amerimmune Curbside

Consultation

* Pre-set immune workup diagnostic tool
- multi-dimensional method composed of
necessary, effective immune evaluations

* Advantages
- physical referrals are not necessary
- cost-effective
- not much affected by shortages of lab
facilities or iImmunologists
- blend in nicely with the newly emerging
specialties and health systems



A Solution: Amerimmune CurbS|de

Consultation = Complete Eve

LAY corBsme consuLT

Hours of operation: M-F 8-6, Saturday: 9-2
CLIA # : 49D2016663
Lab Manager Phone: (0) 571.308.1900 ext 1914 (M) 703.459.5869 Fax: 571.308.1919

Please complete 1, 2, 3.
Amerimmune Labs Sample Pick-up, Call: (571) 733-7762

Presentation Clinical details
|J Anaphylaxis ] Recurrent Otitis
|J Urticana \J Recurrent siusitis
|J Food Aversion |_J Pneumomia
|J Diarrhea ] Dmg Allergy
] Angioedema ] Asthma
ld Rhinitis d Other:
led Eczema

http://www.curbsideconsultation.com/




Curbside Consultation Approach:

Immune Profiling

Amerimmune Curbside immune work-up approach:

Immune

CBC with differential
T-cell (CD3),

. NK-cell (CD56/16),
afTCR, yo TCR,
CD4RO, CD8RO

Cellular

1 s 0 o =

B cell (CD20/19),

. CD27+IgG* B cells,
CD27+IgM+ B cells,
CD21dim cells,

. IgG+ B cells

Humoral

= oo

Tests (immune cells Tests (Functions)
Compartment by numbers)

Non-specific: Mitogen
proliferation & DHR CD25
& HLA-DR on T cells,Th17
Specific: Antigen
proliferation or DTH to
candida

Specific: Antibody titers
to tetanus, pneumococcal
14 serotype and HiB
Non-specific: IgG, IgA,
IgM, IgE & IgG subclasses




Amerimmune Curbside:

Pilot Study Method — Compairi

* Surveyed 328 primary care providers from
January, 2011 to September, 2012 in northern
Virginia, U.S.

* |dentified PIDs patients diagnosed in their

practices
* Offered 10 warning signs & performed Curbside

Consultation
- provide patient’s clinical history, pertinent
Immunological tests as indicated
* Laboratory results interpretation done by

iImmunologists



Curbside Study Result: (Pre-)

Cases Based on 10 Warning

Distribution of percentage of patients within each specialty
that had immune work up based on 10 warning signs of PIDs:

10 WARNING SIGNS OF ENT|Pulmonary Pediatric |[Primary |Infectious |Pediatric
PIDs Cardiolog [Care |Disease |Gastroenterolog
1) >4 otitis 58 (14 10 20 10 10

?) >2 lserlous sinus 68 |33 o4 60 59 03
infections

3) >2 pneumonia 16 |60 22 49 60 30

4) Recurrent abscess 5 |18 9 19 23 4

5) Persistent thrush 10 (10 11 22 20 26

) SSFEIS ElLeleciEf 4 |25 8 30 44 18
seated infection

7) >2 months on antibiotics{17 |39 20 60 79 10

8) Need for iv antibiotics |22 |68 18 58 80 13

9) Failure to thrive 0 |0 25 0 0 78

10) Family history of PID |17 |25 30 34 21 36

Total of 9,265 patients



Curbside Study Result: (Pre-)

Low Diaghose Sensitivit

Contribution of immune test groups to the diagnosis of PIDs:

ENT |Pulmonary Pediatric [Primary |Infectious [Pediatric
Cardiology(Care [Disease [Gastroenterology

Abnormal CBC or
antibody titers (%) 2219 15 30 23 18
% Distribution:

- Low IgA 35 |20 30 20 11 29

- Low IgM 10 (15 5 22 22 4

- Low IgG 20 |35 10 34 40 19

- Elevated IgE |38 |46 8 15 29 19

- Neutropenia (20 |30 10 5 15 4

- Lymphopenia |10 |4 10 / 2 14

- Eosinophilia {45 |36 35 21 21 35

- Monocytopenia [3 |2 3 4 3 5




Curbside Study Result: (pre-)

Some Diagnhose Sensitivit

Contribution of immune test groups to the diagnosis of PIDs:

ENT |Pulmonar Pediatric |Primary |Infectious |Pediatric
y Cardiology|Care Disease |Gastroenteroloqy

Abnormal humoral 39 |32 o5 35 38 29
response (%)
% Distribution:

- .No response to PSV, 37 |48 57 38 69 44

Hib or tetanus

- Loss of response to 63 |50 73 62 31 66

PSV or Hib




Curbside Study Result: (pre-)

Varied Diaghose Sensitivi

Contribution of immune test groups to the diagnosis of PIDs:

Primary |Infectious
Care Disease
30 24

20 40

67 39

1 0

1 3

2 5

9 13

23 35

ENT [Pulmonary Pedla_trlc

Abnormal humoral catlhesns,
numbers (%) 29 |36 E
% Distribution:

- Low IgM*CD27* B cell|42 |32 30

- Low IgG*CD27* B cell |25 |41 55

- Increased IgM dim cell[5 3 1

- Low IgG* B cell 5 1 1

- Absent IgA" B cells |2 0 1

- Increased CD21dim |21 |23 12

- B cell lymphopenia 23 |22 14

Pediatric
Gastroenterolo
25




Curbside Study Result: (Pre-)

Better Diagnose Sensitivi

Contribution of immune test groups to the diagnosis of PIDs (%):

ENT|Pulmonary Pediatric |Primary|Infectious|Pediatric
Cardiology|Care Disease |Gastroenterology

Abnormal cellular 10 113 51 5 13 35
response (%)
% Distribution:

- Increase in a3 T cells|1 5 2 0 10 0

- Increase in yd Tcells|5 |8 12 8 11 12

- CD8 lymphopenia [0 |1 0 1 3 0

- CD4 lymphopenia (2 |0 3 0 3} 3

- CD8 lymphocytosis [5 |5 o) 3 £ 0

- CD4 lymphocytosis  [10 |5 120 ] 8 10 10

- Increased CD25 2 |3 10 3 15 13

- Low Th17 20 (15 5 14 10 8

- Increase in HLA-DR |60 |66 953 71 48 66

- Low NKT cells 20 (13 33 8 9 11

- Low NK cells 18 |19 12 11 21 9

- Low CD4 memory cel|33 |33 3 11 22 12

- Low CD8 memory cel|14 |22 4 4 14 7




Curbside Study Result: (post )

Im

oroved Diagnhosis Sensi

Prevalence of PIDs before and after Curbside Consultation:

ENT Pulmonar Pediatric |Primary |Infectious |Pediatric Pediatrics
y Cardiology|Care Disease |Gastroenterology
Total Number

PR P 65 41 16 77 29 18 82
Physicians
Patients in practice |250,333(135,333 60,344 350,455 {70,455 10,644 288,000
PIDs in 10,000 before I
Curbside consultation 14 - 2 3 21 2 2.4 |
Patients who had
immune workup based|1937 |1469 831 1503 795 275 2455
on 10 warning signs
PIDs identified 723 696 255 588 379 157 1091

(37%) [(47%) (31%) (39%) |(48%) (57%) (44%)
PiDs In 10,000 after 1,9 |5, 42 17 |53 147 38 |
Curbside consultation T R R I
Pvalue (pre vs post | g 440110.00001 [<0.0001  |<0.0001 |<0.00001 |<0.00001 <0.00001
curb prevalence)




Curbside Study Result: (post-)

Type of PIDs Diagnosed
Distribution PIDs type diagnosed (%):

ENT |Pulmonar Pediatric |Primary |Infectious|Pediatric
y Cardiology |Care Disease |Gastroenterology

Predominantly Humoral
Immune Deficiency 58 |41 14 35 28 22
Cellular Immune
Deficiency > £ 2 £ e I
Combined immune
deficiency 2 3 1 S 9 2
Combined immune R
deficiency with 111 4|7 21 6 12 12
associated or syndromic |
Lner;:i;mmune system 4 15 5 9 14 11
Phagocyte function and
or number defect 1 £ L 2 Ui 10
Auto-lnflammatory 3 5 19 19 v 15
disorders j
Autoimmune disorders 1112 | |11 35 17 7 8
Un-classified immune
defect 3 9 13 4 1 8




Curbside Study Overall Result:

Significant Improved Diaanc

* 9,265 total patients involved in over 2-year in
northern VA

* Increased PIDs prevalence from 5.3 to 33 per
100,000 (p<0.001) before and after consultation

* Revealed higher prevalence & incidence of PIDs

* Observed significant change in case numbers
of PIDs diagnose in practices include ENT,
pulmonary, and pediatric gastroenterology




Summary

* (Challenges in the step-wise immune workup method
* QOur data showed the need for complete assessment
* Pre-set Curbside Consultation diagnostic tool
significantly impacts:
- narrows gap in identifying PIDs patients
- provides efficient and cost-effective solution
- Improves diagnose accuracy, and shortens delays
- solves the problems of inadequate regulated, lab
facilities and shortage of immunologists
- meets the needs of other medical specialties,
and advances patient-care in this field
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At Amerimmune, our values define who we are, and why we do what we do. They are the framework around which
the company revolves, and govern the purposes and goals Ameri_ mune has establishe -
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Diseases or

Services )
Therapeutics
1st Tier: 2nd Tier: Primary
1. Lymph subset Functional immunodeficiency
2. Lymph monitor assays disorders (PIDs),
B e e 3. B cell Maturation Asthma,
9 4. Eosinophil Rheumatoid, IBD
Capw 5. Memory T subsets
Eate, S DCE
Aneramans 7. IPF
Pre-clinical & Flow Cytometry, ELISA All therapeutics
clinical trials
Clinical Flow Cytometry, ELISA, PIDs, Asthma,
Research Gene sequencing... etc. Rheumatoid, IBD
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Amerimmune Immunology Lab at

http://www.amerimmune.com/

Amerimmune Curbside Consultation at

http://www.curbsideconsultation.com/

Clinical Diagnostics & Clinical Trials

11212 Waples Mill Road, Suite 100,

Fairfax, VA 22031 Thank
You \

Consultations & inquiries send to

Michelle Tseng at mtseng@oandoalpan.com

Matt Plassmeyer at

mplassmeyer@oandoalpan.com
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Immune Cell Development & PIDs:

Occurs in Any Defective Steg

(1) Severe combined immunodeficiency syndrome (T-B-SCID) jJ—
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(6) Selective IgA deficiency & (8) Hyper IgM syndrome




Immune Cell Development & PIDs:

Occurs in Any Defective Steg

a === |FM-y etc.

Hyper IgM syndrome
Qoo QIPEX
-~ @oxLp

Myeloid XLP @ @ e IL-4, Cytotoxicity,

(SAP, XIAP) IFM-y etc,




Curbside Consultation Form

E:I,"-\ \.I |1H| \II M “h |1' CURBSIDE ALLERGY CONSULT

Howrs of operation: M-F 8-6, Sannday: 9-2
CLIA # : 49D2016663
Lab Manager Phone: {(0) 571.308.1900 ext 1914 (M) 703.459.5869 Fax: 571.308.1919

Please complete 1, 2, 3.
Amerimmune Labs Sample Pick-up, Call: (571) 733-7762

Presentation Clinical details
| Anaphylaxis ] Eecurrent Otitis
|y Urticaria |y PRecument sinusitis
I] Food Aversion |_J Pneumonia
|] Diarrhea Id Dmg Allergy
] Angioedema ] Asthma
ld FRhinitis ] Other
| Eczema

* Labs (circle or add fests)

Amerimmune Lab {One 3ml Purple Top)

Lymphocyte Study - Lymphopenia, neutropenia, recurrent infections.
Eosinophil Study - asthma, food allergies, EoE, urticaria

Neutrophul Study - recurrent infections and or abscess.

Please provide Patient Demﬂgraphics and Insurance

PATIENT INFORMATION

Patient Name: DOB:

[IMale []Female Ethnicity: []Caucasian []African American []Other:

PHYSICIAN INFORMATION
Name: Signature;
Phone: Fax:

BLOOD DRAW INFORMATION

Date Collected: Time Collected: OaM [OpM

Supporting Labs (Reference lab)

CBC with diff,

I=G. A Mand E,

Ig(s subelasses

Poeumococ. titers-14 serotype
HiB titers.

Tryptase

3 C4

Sed Fate




Immune Workup — Lab Test Cost

T CPT Codes Price
ALPS Panel 3 88184, BE185x10, BB188 2 days 3596.00
Antigen Stimulation 4 8A353x2 2 weeks 3658.00
Apoptosis 5 88124, 821852, BA187, 88230, 3 weeks $1,544.00
[TE Cell Panel 7 88184, 68185x11, BB 188 2 days 5518.00
Baff, plasma levels 5] 83520 2 weeks $443.00
CD40L [CD154) 10 88124, BE185x5, BB18B7 2 days 38192.00
CD45RARD 1 88184, BE185xB, BA1EB8 1 day 3580.00
CD52 Expression 12 88124, BE185x6, B8187 2 days 356500
CDE4 [Leuko&4) 13 28124 1 day $143.00
CD107a Mobilization ] 88184, BEB185x3, B83187, 86352 3 days 3583.00
CcD127/CD132 a 88184, BE185xB, 88188 2 days F431.00
CTL Function 15 88352 2 weeks 3607.00
Cytokines, Intracellular 20 88184, BE185x8, BA18BT 2 days $1102.00
Cytokines, PlasmalC5F 30§ 5883724 83520x10 2 weeks $2,230.00
EBV Immortalization 1128 88220, 82240 Mo results 542600
Foxp3 18 88184, BEB185x3, BR187 2 days $610.00
IL-18 1210 83520 2 weeks 3547.00
iNKT 18 88184, B2185x2, 88187 2 days 3421.00
Lymph Activation Markers 1 88184, BE185xB, BA188 1 day $822.00
Lymph Subsets E ga355, BG357, BA359, BE3G0D 1 d_a':" 3422.00
MHC Class 1 & 1l 23 88184, BE185x5, BA18BT 2 days 3486.00
Mitogen Stimulation 24 BA353x3 T days 30ET.00
Meopterin 26 83520 7 days $362.00
Heutrophil Adhesion Markers 2 88184, BE185, 88187 1 day 3168.00
Meutrophil Oxidative Burst 27 88352 1 day $161.00
HK Function 25 88352, BG35T 3 days 3558.00
Perforin/Granzyme B 28 88184, BE185x4, BA1BT 2 days $602.00
PHH Screen (CD53/FLAER) 31 88184, BE185x8, E818B8 2 days 5335.00
pSTATS a2 88184, BE185, 88187, 86352 2 days 5372.00
SAFP [XLP1) 33 88184, BEB185x3, BR187 2 days $609.00
Soluble CD163 24 B3520 2 weeks 3752.00
Soluble Fas-Ligand (sFasL) 8154618 83520 2 weeks %303.00
Soluble IL-2R a5 83520 2 days 5309.00
TCR abigd 36 88184, BE185x4, BB18B7 1 day 3656.00
TCR Vbeta ar 88184, BE185x23, BE1E8D 2 days 509500
ThiT Enumeration 2025 88184, B2185x4, 88187 2 days $511.00

$1,972



Amerimmune Cellular & Humoral

Immune Lab Tests

Cost <65%

Immune Tests
Compartment

. CBC with differential
T-cell (CD3),
NK-cell (CD56/16),
aBTCR, yo TCR
CD4RO, CD8RO

Cellular

N

Non-specific: Mitogen

proliferation & DHR|CD?2
R HLA-DR on T cells|Th17
Specific: antigen

proliferation or DTH to
candida

B cell (CD20/19),

. CD27+ 1gG~* B cells,
CD27+IgM+ B cells.
CD21dim cells

. IgG+ B cells

Humoral

N

Specific: antibody titers to
tetanus, pneumococcal 14
serotype and HiB
Non-specific: 1gG, IgA,
IgM, IgE & IgG subclasses




Immune Workup in PIDs Diagnhosis

Ataxia
telangiectasiats

PROGRESS INIPRIMARY IMMUNGDEFICIENCY

Shearer, W.T. and Fischer, A. J. Allergy Clin. Inmunol., Vol. 117, No.4



A Solution: Curbside Consultation

* Pre-set immune diagnostic tool

- “curbside”, same-day pick up specimen from
healthcare facilities to Amerimmune lab

- new quantitative and qualitative “hybrid”
approach for immune workup

- solve the problems of inadequate regulated,
advanced lab facilities and shortage of
Immunologists

- meets the needs of other medical specialties,
improves social problem of health status, and
advances patient-care in this field
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B Cell Development
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