The Most Sensitive Cytokine Detection
C.T.L. ImmunoSpot System - ELISpot & FluoroSpot
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ELISA — Enzyme-Linked ImmunoSorbent Assay
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ELISA is a method for quantification of cytokines and other
analytes in solution. It was first developed in 1971 and has since
become one of the most widely used techniques in clinical and
research laboratories. The ELISA can be used in a variety of
formats from testing only a few individual samples to fully
automated high-throughput screening.

The sensitivity of an ELISA mainly depends on the affinity of the
antibodies. The accuracy of the cytokine ELISA is commonly
established by calibration with an external reference standard.
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Principle of Enzyme-Linked ImmunoSpot = ELISPOT

<Day1>

Capture Antibody : Coat micro well with antibody

<Day2>

(a)Blocking : Block unoccupied well sites with protein

(b)Add Cells : Incubate cells in well with Ag stimulus or APC.

<Day3>

(a)Wash : Cells are washed off

(b)Detection antibody : Add biotinylated anti-cytokine detection antibody
(c)Enzyme-Avidin : Add streptavidin-enzyme

(d)Develop With Substrate : Add substrate and monitor colored spots formation

Antigen  Naive

Y Capture Antibody B . Soecifig T cell
x Secreted Analyte . nev B

" Biotinlylate mAb

va< Streptavidin-enzyme
¥ (HRP or ALP)

" Substrate

* Color Precipitating
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History of ELISpot

Enzyme-Linked ImmunoSpot = ELISPOT, an old technique base on
sandwich ELISA, was used to detect antibody release frequency of B cell.
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Membrane Attribute  NC (used in ELISPOT) PVDF {used in ELISPOT)
[nominal or average values| [nominal or average values]

Pore Size® 0.45 microns (um) 0.45 microns (pm)

Porosity® 70-75% 65-70%

Thickness 150pm 135pm

BET Suface Ares®  65mfgram Bmgram

Surface Area Ratio® 250 350

Saturation Binding 250pg/om* 350pg/em®

Capaciy (1gG)

(1gG) Binding Capacty 2ug 3pg

of Top 1pm

Wettabilty Wettable due tothe addition  Not directly wettable in water
of surfactants or detergentsto  Must be pre-wet with alcohol
the membrane during and then exchanged with
membrane manufacture water

Additves Glycerin None

Solvent Compatibility ~ Not compatible with methanol  Broadly compatible with a wide
or ethanol range of aqueous and organic

solvents. Avoid prolonged
exposure to strong alkali (e.q.,

pH >12)
Mechanism of Binding _ Electrostatic Hydrophobic
Things which wall Chaotropes (e.g., Tween-20,  Detergents (e.g., SDS), low
interfere with or Triton-X 100, etc). Water (if ~ polanity solvents (e.g., dimethyl
destabilize bindingof  never dnied), Proteins , formamide, etc.)
anti-cytokine especially larger molecular
antibodies weight proteins
Compatibity with v Colorimetric v Colorimetric
different detection x Fluorescence v Fluorescence (marginal)
modes v Chemiumine scence ¥ Chemiluminescence

PVDF membrane
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Rapidly growing ImmunoSpot

F A B

ELISPOT assay now is a
powerful tool for detecting and
enumerating individual cells that
secrete a particular protein !

High sensitivity, specifity and affinity !
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The best solution of Ex-vivo T Cell Diagnostic

ELISPOT Assay is using fresh (or Cryopreserveed) PBMC as samples,
which include whole T Cell . (45mL whole blood can do over 600 antigen and peptide testing)
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Ultra-High Sensitivity for Detecting Cytokine

1001 ELISPOT

Production by Rare Antigen Specific T Cell

# IFN-y spots/well

10 100
10 1Facs

0114

ELISpot permits accurate frequency
measurements down to the 1/10° cell range

ICS and ELISA (also CBA) reach detection
limit at 1/1000

% IFN-y pos cells

0.01 +, , v
10 1000 100,000

08T e isA
061

Why detection limit is critical ?
+ In 80s people believe we lose the memory cell.
+ Antigen Specific T cell
+ Minor population but important job

100 1000
IFN<y + T celll 1 million APC
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Spot morphology reflect Single Cell productive
FREQUENCY

SPOT NUMBER, SPOT SIZE, INTENSITY
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Competing Techniques vs. ELISPOT

NK cells - IFNy

Enzyme-linked Immunosorbent Assays

+ Much less sensitive which makes it frequently fail for
ex-vivo T cell measurements

* No frequency information

+ End point assay

+ Low signal to noise resolution: does not permit to
distinguish between many cells making little cytokine
(frequently “background” spots in medium control) vs.
few cells making lots of cytokine (the relevant T cells in
the antigen-induced “foreground”).

Strength: low cost, ease of use

CT.L. IMMUNe@SPOT,

Competing Techniques vs. ELISPOT

Enzyme-linked Immunosorbent Assays
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Allergic subjects (patch test reactivity)
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Competing Techniques vs. ELISPOT

Intracytoplasmic Staining

Does not account for post-transcriptional regulation: synthesis of does not mean
biologically relevant secretion, e.g., IL-2.

Does not permit to distinguish between storage and release of protein e.g., Granzyme B
and Perforin.

Does not permit endpoint measurement: e.g., actual killing (unlike Lysispot)

* Pharmacological treatment: altered cell functions vs. the untreated cells in ELISPOT.
Cells do not survive analysis: can not be rescued and recultured like in ELISPOT.

Very long analysis time when it comes to low frequency cells.
Expensive analysis instrumentation, high maintenance fee.

Strength: permits simultaneous determination of CD4/CD8 lineage (other cell surface
markers are uninformative if these are activation dependent since all cytokine
expressing cells have been recently activated).
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Competing Techniques vs. ELISPOT
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Same weakness as ELISA "“ e
* Relatively low sensitivity 4
. ‘.‘. ot = 3 ... oto
* No frequency information e e B sy
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pans: o
+ Low signal to noise resolution { {
Plus weakness of flow cytometry Human TNF Human PN
“= B
* High cost of instrumentation, 5y —— ‘ ‘? i

+ High maintenance effort and fee

Strength: simultaneous analysis of multiple cytokines, relative fast analysis vs. other flow
based measurements (but still much slower than ELISPOT analysis
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Quantification of IFN-vy produced by human purified NK cells following
tumor cell stimulation: Comparison of three IFN-vy assays
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ImmunoSpot Applications:

* Vaccine development * Autoimmunity / Allograft rejection
Vaccine efficacy assessment * Cancer
Antigen-specific T-ce * Antigen-specific T cells
Total / fic Ab B-cell *  Tumor antigens

Epitope / peptide mapping *  Cytotoxic T-cell activity (CAR-T cell)
Vaccine-induced antibody responses * Cancer vaccine efficacy
Antigen-specific memory B cells * Granzyme B and Perforin release by T cells

* Hypersensitive / Allergies

Measuring ThO/Th1/Th2 transition * Infectious diseases “ i_

Vaccine-induced antibody responses

IL-4 induce T helper cell transition * Tuberculosis -
IL-4, IL-5 and IL-13 secretion *  Malaria L
- -
T-cell epitopes in allergens * HIV, Influenza ...etc
CT.L. 0% IMMUNe@SPOT,

Application : Tuberculosis Diagnostics

]

Mycobacterium tuberculosis (MTB) £5 4% 4% ¥

Tuberculosis is curable but it
kills more than 4,000 people
every day.
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Application : Tuberculosis Diagnostics
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Appllcatlon Tuberculosis Diagnostics
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Tuberculin Skin Test (TST) : 1907 Mautoux
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Application : Tuberculosis Diagnostics

Unrivalled Clinical Performance

Q Oxford

Very few false negative results (sensitivity of 98.8%) et Immunotec

No patient exclusions - Can be used in HIV, very young children,
screening before anti-TNFa treatment, transplant renal dialysis, and
other immunocompromised patient groups, as well as in pregnancy

Stop T8, Start with
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Application :Cancer Research

el Tl - ELISPOT Assay for Monitoring Cytotoxic T Lymphocytes
CTL) Activity in Cancer Vaccine Clinical Trials

Anatoli M. Malyguine ', Susan Strobl ', Kimberly Dunham ', Michael R. Shurin
1 Thamas 1 Savers

Tabde |

compared to the IFN-y ELISPOT

Cells, 2012, 1, 111-126; doi:10.3390/cells1020111

CTL. 3o i IMMuNeSPoT,




Current State ELISPOT , more

Application :Cancer Research Throughput and Content

A B
i g +  Typical assays using PBMC are done with 1x10° — 2.5x10* cells per
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CELL NUMBER PER WELL (x1000)
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0 e e Current State ELISPOT , more
High-throughput Suitability Throughput and Content
More Content of ELISpot for T cell immune monitoring

Figure 3. PBMC number-depend layer formation in « A brief history of T-cell mediated immunity
96-well plate format. PBMC were stained with calcein and the specified . . oas

‘ te, cell crowdding starts at 110 cell + In 80s proliferation and killing assays — one type of T cell
er any more under 1x10° cells per

g 1o the range in which PBMC nurmbers and spot counts are « In90s Th1/Th2

linear in the ELISPOT assay (See Figure 2)
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+ Past few decades : 70% of people -> IFNy

SPOT NUMBERS PER WELL

» Test %W 384W 96W/384W + NOW : multitude of effectors function and still not totally understand

e 1 670.0 1775 3.8

o 2 5715 1713 33 « Effector / memory T cell classes:the need for multiplexing T cell

* : 3473 A2 21 measurements, and how different ELISPOT assays can contribute...

o 4 4993 164.0 3.0
il 5 4230 1185 36 & i
TR CONC vl +  Functional T-cell master regulators of many immune response
Figure 4: \dentical antigen dose response curves for 96- and 384- 6 3445 1028 34
well plates. HCMV peptide pp65-induces tion was measured 7 2600 778 33 « Th1- |FNV « Th5-IL5
n both plate types in parallel w ers of PBMC plated
per well for 384-well plates the 8 1403 523 27 « Th2-1L4 « Tfth-IL21
peptide were approximately 3x maximally
stimulatory peptide dose (m: late ’ 1250 =3 33 « Th17 -1L17 + Treg-IL10
types. Thus, the 384-well format is equally s asurements. 10 66.8 218 EA
1 260 15 35 © ...efc
Cells 2015, 4, 71-83; doi:10.3390/cells4010071 w3303 |
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Current State ELISPOT , more
Throughput and Content

CTL. oo™
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Current State ELISPOT , more
Throughput and Content

The need for
Comprehensive
Immune Monitoring

This push up the
content of current
state ELISPOT

Blind Men and the Elephant

Dr. Alexey Karulin (co-founder and vice president of R&D at CTL, USA) in 2001 : FIRST Dual Color ELISpot

CTL. oo™ IMMUNeSPOT,

Current State ELISPOT , more
Throughput and Content

Dual Color ELISpot

CTL.
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Current State ELISPOT , more
Throughput and Content

IFNy and IL-2
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hu-IL-5 hu-IFN-y/IL12 CTL.
hu-IL-10 hu-TFN-y/IL-17 +  Multiple cytokine monitor at one time
hu-IL-12 hu-IL-10/IL-12 .
«  Complex immune response study
hu-IL-13 hu-IL-10/IL-17
hu-1L-17 Time and Cost Saving

C.T.L Dual Color ELISPOT




Current State ELISPOT , more
Throughput and Content

From ELISpot to FluoroSpot

%_ P
Anti-tag mAb-490 :% SA-550

Detection Detection
mAb-tag mAb-biotin
. . Analyte
Capture mAb Capture mAb
: TN
AY
) W £V e @ O @
A\
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Current State ELISPOT , more
Throughput and Content

SINGLE-COLOR DOUBLE-COLOR THREE-COLOR

FLUOROSPOT FLUOROSPOT FLUOROSPOT
IFN-y IFN-y/GzB IFN-y/ mn;‘ Granzyme
GzB IFN-y/TNFa IFN-y/TNFa/IL-2

TNFa IFN-y/IL-2
IL-2 IFN-y/IL-4
-4 IFN-y/IL-5
IL-5 IFN-y/IL10
IL-10 IFN-y/IL-17
IL-12 IL-10/IL-12

IL-17

More cytokine detection at once

C.T.L FluoroSpot

Current State ELISPOT , more
Throughput and Content

Single Color ‘
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. IgM
* IgE
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Double Color
* Any pair from above

C.T.L B cells ELISpot

Current State ELISPOT , more
Throughput and Content

IgGa: Yellow IgC reen

C.T.L 4 Color Human B cell FluoroSpot




Current State ELISPOT :
A New Approach of Reader : BioSpot®

Stem Cell CFU

IMMuNeSPOT,

C.—T.l. eyt

Why C.T.L ?

We Provide Total Solution for your ELISPOT Assay !

ImmuneSpoT

g A
O..p.' .
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Why C.T.L ?

CTL’s Serum-Free Media
Standardization Your ELISPOT Assay

Serum is the largest variable in ELISPOT
assay performance. Therefore CTL has a
fine tuned serum-free media portfolio for
standardized, high-performance T cell
monitoring with PBMC

CTL-Test™ Medium — Serum Free Media

“Performs better than serum”

CTL-Wash™ Medium
T Ll ! Low Background
g High Signal
Standardization and Quality Control
CTL-Cryo™: o Cost effective

CTL Anti-Aggregate Wash™

IMMUNeSPOT,

Why C.T.L ?

A - Medium Control

100 b1 w2 LS3  Lbe  Lbs  Lbe Wb? b
g . -cn-’rm'"
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200
100
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100 170 2 as n 5 n
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Sk CTLTest™ 247
St Serun: 101

Figure 1: Performance of serum-free CTL Test™ Medium compared with eight different qualified
sera. Cryopreserved PBMC of the same batch were thawed and tested in an IFN-y ELISPOT assay In eight
different laboratories using either CTL-Test™ (blue), or, In paraliel, in the serum that the respective labora-
tory has selected for T cell work (green). Spot counts obtained in the medium control are shown in Panel A,
The antigen- (CEF peptide)- induced spot counts are shown in Panel B. The stimulation index (Sk: antigen-

Induced spatsimedium background) defining the strength of signal measured s also shown for each of the
laboratories for the results obtained with CTL-Test™ (SI: CTL-Test™), and with the respective laboratory’s
serum (SI: Serum). In all cases, the maximal spot counts with CTL-Test™ were equal 10 better than the sera,
and four of the elght sera induced an elevated background (Zhang et al., £ Immunotaxicology, 2009, 6:227).

1

e
s

CTL-TEST™ MEDIUM
B

e

Figure 2. IFN-y ELISPOT assay performance
with serum-containing complete RPMI
medium vs. the serum-free CTL-Test™
Medium. Freshly isolated PBMC of three
healthy donors were tested in parallel under
both conditions; the number of spots obtained
using CTL-Test™ (Y axis) or in serum (X axis)

after stimulation with antigens that stimu-
late CD4 cells, Mumps, PPD and Candida, is
represented by the dots. The red line indicates
equal performance. The medium background
was zero for all conditions. Note, several recall
responses that were not detectable in serum
became dearly positive in CTL Test™ Medium.

CTL. so%r™
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Why C.T.L ?

CTL’s Cryopreserve PBMC
Standardization Your ELISPOT Assay
+  PBMC frozen serum-free for >90% viability
at thawing, with >95% functionality in
ELISpot and cytokine recall assays compare
to the fresh PBMC.
+ Characterized PBMC
+ HLA-typed: at low and high resolution®

Immunotyped - characterized for antigen
reactivity”

« Custom characterization available®

IMMuNeSPoT,

Why C.T.L ?

CTL’s CEF Peptide Pools
Standardization Your ELISPOT Assay

CTL’s CEF Peptide Pools:
Peptides of CMV, EBV and Flu virus to stimulate cytokine release in
peptide-specific CD8 memory cells.

CEF Class I Peptides and Peptide Pools .

Reference Standards for Detecting CD8 Memory T Cells in PBMC

CEF Class II Peptide Pools

Reference Standards for Detecting CD4 Memory T Cells in PBMC | J ' ,ﬂ,
23 CEF Class | Peptide Pool I I
The “classic” 23 peptide pool that covers

determinants restricted by 11 HLA class | alleles.

32 CEF Class | Peptide Pool B .
The extended peptide pool consisting of 32 “The ultimate pO:Sltl\{e contro,’,
peptides that cover 15 HLA class I alleles. for CD8 cell function in PBMC

CT.L. -°°' i IMMUNe@SPOT,

Why C.T.L ?

CTL’s ImmunoSPOT Kits
Standardization Your ELISPOT Assay

» High Specificity

* No Prewetting

* No Blocking

+ Sterile Plates

* Serum-free medium included

* Fix substrate development time
« All buffer included

+ Less Washing Steps

» Exquisite Sensitivity

» Ease of standardization

IMMUNeSPOT,

Why C.T.L ?
CTL is a group of ELISPOT Profession

Not only a technic provider ,
C.T.L is your trouble shooting consultant

Ny b W e 4

% A a .
1 ’ y ¥
\ - X2
While pipetting, the The coating antibody The plate has not been Proteins from serum Membrane leakage due to
pipet tip has touched has shed from the thoroughly dried, and or dead cells stick to manufacturing problems
the membrane membrane fungi have grown the membrane or Tween usage
P i
£
‘ ) /
Uneven coating P'D'l tip has pierced the Plate was not thoroughly Uneven coating in Plate was not thoroughly
membrane rinsed after developing and positive control rinsed after developing and
then dried flat: then dried flat:
CIL.
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How to start ELISPOT assay ?

Detect INF-r Secretion of Antigen Specific
CD8+ T Cell by ELISPOT Assay

CTL. sosr IMMUNe@SPOT,

Pre-wet PVDF Membrane by EtOH

Don’t need in CTL kit

@ PVDF (no EtOH)

Bound mAb (pg/well)
w

0 1 2 3 4

@ PVDF (EtOH treated)

5 6

Added mAD (ug/well)

CTL. 3%

IMMuNeSPoT,

Coat well with capture antibody
(Pre-coated plate also provide)

Carefully empty the plate. Add 100 pl/well of coating antibody diluted in
PBS. A concentration of 10-15 pg/mi coating antibody (1-1.5 pg
antibody/well) is generally recommended. Leave the plate with coating
antibody solution at +4°C over night

.

CTL. :sosr™ IMMUNeSPOT,

Don’t need in CTL kit

Reactivate 2hr at RT

Blocking with Complete Medium

CIL. ;2o%f
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Incubate 71-5%x105PBMC in Well
with APC or Ag stimulus

(5 ng/ml PMA or 500 ng/ml lonomycin or CEF
peptide as positive control)

Reactivate in incubator
for 12~24hr

Plate Layout
Stmulated, 1 XI0ES c/ml Norr Stimulated
O I I O O G O O N
Al 1
B |1 13
) 1
D o 12
SeRppiaiayet — - Note it! DO NOT MOVE
—— — PLATE WHEN STIMULATION
L T T e e O O I

CTL. gowr™ IMmUNeSPOT, CTL. :sowr

n
Remove cell o /
: 24
(or collect for other experiment) | e AT
B Substrate Format Enzyme Color Sensitivity
Development
| TrucBlue 1-C HRP Blue ww
BCIP/NBT 1-C AP Dark Purple
AEC 2C HRP Red
+ Add biotinylated anti-INF-r simasonl e B Ry

detection antibody then wash

Rinse by ddH,O several times + Add Strapavdin-HRP then wash

Remove Water by shaking.

+ Add substrate and monitor
formation of colored spots

+ Analyze plate by CTL analyzer
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