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Aim of the project (WP2):

to set the basis for the development of a «POINT-OF-CARE DEVICE» for measuring the
aberrant JAK kinase enzymatic activity in patients who are affected by JAK-related diseases.

SPECIFIC SUBSTRATE PEPTIDE PHOSPHORYLATED
(biotinylated) PEPTIDE SEEC;:;%’;T SUBSTRATE

X

| Q/ 7
PEPTIDE-BIOSENSOR i PRIMARY ANTIBODY:
ANTI PHOSPHO-TYROSINE SIGNAL
BASED ELISA ASSAY
> DETENTION
Incubation with leukemic cells
protein lysates
SOLID SUPPORT

(neutravidin coated)
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JAK2 Peptide biosensors

MOLECULAR
PEPTIDES SEQUENCE REFERENCE
WEIGHT

PiaoL GGDNDPDEYITLDEDGGK(biotin)GG 2250.28 Da Lipchik et al. 2015
s LAKAVDGYVKPQI--Ttds-Lys(biotin) 2057.52 Da Sanz et al. 2011
Poroserolaks GGDNDPDEY(P)ITLDEDGGK (biotin)GG 2330.25Da Lipchik et al. 2015

Lipchik at al, ] Am Chem Soc. 2015 Feb 25;137(7):2484-94
Sanz et al., PLOS ONE, 2011. 6(4): p. e18522.

Peptide integrity BY MASS SPECTROMETRY,

Thermo Scientific™ Vanquish™ Neo UHPLC
Orbitrap Exploris™ 240 Mass Spectrometer

Available at DSM-UNITS
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Peptide integrity : PJAKZ_s
(Mw:2057.52Da [2ng |

RT :0.00-21.00

350 RITENTION TIME, 8.50 min 5\ ™

<

20231206 _single_
peplide_JAK 2 S
80 cone.

1004

60+

40

20

Relative Abundance

091 2096
T T

0

131 162 258314 420 490 591 683 804 8120 003 052 1042 13 182 1313 1401 1514 1564 1668 1761 1828 19.62
T T T T T T T T T T T T T 1 T T T T T T T T T T T T T T T T T T
2 3 4 = - 7 8 9 10 T y ¥ 15 16 17 18 19 20 21

Time (min)

T
1

~Spectrum 1 3351 -3385 - 20231206_single_peptide JAK
20231208_single_peptide_JAK_2_S_conc #3351-338% RT: 8.49-8.55V: 9 NL: 1.54E9

T FTMS + p NSI Full ms [575 0000-2000.0
oo | 222 m/z=1029.5 Int 2.61E8
70 z=3m/z=686.7 Int 2.39E9

687 3985

Relative Abundance
w
(=]
I

20+ 5848380 692.0630 1177.0354 1306.2306 1465.6293 1672.4841 1797.1029 1888.9864
10: 5153005 1029 5937
/ 965.5659 I

o] 423.2256 l 644.0464 ] 730.4183 823.6760 126.0462 1244.0131 13721227 1543.8869 1742.9872 1948.2870
T T T T T T T

T T T T T T T T T T T T T T T T T T T T
400 500 600 700 800 9200 1000 1100 1600 1700 1800 1900 2000

T T T T T T
1200 1300 1400 1500
miz

Aggiornamento attivita e rendicontazione/ Posodabljanje dejavnosti in porocanje
Incontro online : 08.07.2024, ore 11/ Spletno sreCanje: 08.07.2024, ob 11 4



Cofinanziato
dall'Unione europea
Sofinancira
Evropska unija

HILCIrcy
Italia-Slovenija

CONCERTO

CONCERTO CrossbOrder Network for
ChildrEn RheumaTolOgy

Peptide integrity : P)aka-L
(Mw:225028Da |0.2ng |

RT :0.00-21.00
. NL: 2.47E8 |X|
100 RITENTION TIME, 9.88 min =
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! Pphosphojaka-L

Network for
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PPHOSPHO JAK2-L

PJAKZ-L
. =,

T

PPHC)SPHO JAK2-L

-

PJAKZ-L

50% Pjapzr
phosphorilation

10/‘0 PJAKZ-L
phosphorilation

0.1% Pjaxa
phosphorilation

U

Int TIC m/z 1165.4508 | m/z 777.3029 | m/z 1553.5986 [ m/z 1125.4674 | m/z 750.647 | m/z 1500.2869
[M+2H]2+ [M+3H]3+ [2M+3H]3+ [M+2H]2+ M+3H]3+ [2M+3H]3+
Phospho JAK2-L 500 nM 4.21E8
(1165 ng/mL) RT=10.39 |5.49E7 2.30E7 1.62E6
1ulinj=1.12ng
Phospho JAK2-L 50 nM 4.26E7
(116.5 ng/mL) 2.38E6 8.93E5 ND
1ulinj=112 pg
Phospho JAK2-L5 nM 4.45E7
(11.6 ng/mL) 2.16E5 8.51E4 ND
1ulinj=11.2 pg
Phospho JAK2-L0.5 nM 5.07E7
(1.2 ng/mL) 2.06E4 1.29E4 ND
1ulinj=1.12 pg
JAK2-L 500 nM 5.56E9 7.52E8 1.87E8 1.06E8
(1125 ng/mL) RT=9.90
1ulinj=1.16ng
JAK2-L 50 nM 4.51E8 6.82E7 1.83E7 1.94E6
(112.5 ng/mL)
1ulinj=116 pg
ANALISI MISCELE JAK2-L e phospho JAK2-L
Mix 1:1 5.01E8 1.22E6 4.06ES5 8.19E7 2.32E7
JAK2-L 50 nM 116 pg
Phospho JAK2-L 50nM 112 pg
MIX1 (100:1) 4.25E9 4.12E5 1.31E5 6.48E8 1.56E8 8.39E7
JAK2-L 500 nM 1.16 ng
Phospho JAK2-L5 nM 11.2 pg
MIX2 (1000:1) 3.97E9 9.64E4 4.26E4 6.08E8 1.51E8 7.65E7
JAK2-L 500 nM 1.16 ng
Phospho JAK2-1 0.5 nM 1.12 pg

Y
]
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JAK2 Peptide biosensors

MOLECULAR
PEPTIDES SEQUENCE REFERENCE
WEIGHT

PiaoL GGDNDPDEYITLDEDGGK(biotin)GG 2250.28 Da Lipchik et al. 2015
s LAKAVDGYVKPQI--Ttds-Lys(biotin) 2057.52 Da Sanz et al. 2011
Poroserolaks GGDNDPDEY(P)ITLDEDGGK (biotin)GG 2330.25Da Lipchik et al. 2015

Lipchik at al, ] Am Chem Soc. 2015 Feb 25;137(7):2484-94
Sanz et al., PLOS ONE, 2011. 6(4): p. e18522.

v Peptide structural integrity of the peptides is
preserved
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PEPTIDE-BIOSENSOR BASED ELISA
_ASSAY

In vitro studies on Opfimization of the pepfide- Application of the assay on
immortalized cell based assay on PBMCs from primary cells from selected
lines healthy donors pediatric patients with
. JAKs mutations
= (Cell lines characterization =
L[] = Set up condifions for isolating
el 4SS E =N &I =m I ==
= Protein expression of JAKI, PBMCs from whole blood : | VAL I I
Samples -_l_-_-_.

JAK2, JAK3 and their
relative phosphoproteins y =2 \r
= Cell lysis |

= Immunoprecipitation of JAK2 |\ 4)

v Development of the peptide-based 7
=  Development of the peptide-based &7 ELISA assay on primary cells -

ELISA assay
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PEPTIDE-BIOSENSOR BASED ELISA
_ASSAY

Immortalized cell lines ( with JAK-STAT iperactivation)

HEL A — Sl . ~, \ (N> B D MHH-CAL

DSMZ-No.: ACC 110 c & B DSNiZ-No.: ACC 33 5 @ s, ¥

kemia cell line

o i ®

B cell precursor leu

Erythroleukemia cell line Essential thrombocythemia cell line
(BCR-ABL1 like)
Carrier of homozygous JAK2 V617F Carrier of heterozygous JAK2 V617F
gain-of-function mutation gain-of-function mutation Carrier of IGH@-CRLF?2 translocations
(+DNMT3A R882H) and JAK2 1682F
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PEPTIDE-BIOSENSOR BASED ELISA

_ASSAY

JAK] JAK]

130 kDa 130 kDa
pTyr-1007/1008
198 kDa

JAK2 J— JAK2
13“ I{Dn 98 kDa - 130 kDa

JAKS3 '] JAK3
115 kDa . 115 kDa

Cell Lysates characterization

/\\\
HEL T SET2

pTy1-1007/1008
N ‘ \ -
98 kDa

- |

v

JAK1 and JAK2 phosphoproteins are not stable over time in frozen

SATTPIES
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PEPTIDE-BIOSENSOR BASED ELISA ASSAY

WHOLE LYSATES OF IMMORTALIZED CELL
-LINES

2000007 | |
B MHH-CALL4

Fluorescence
(ex/em: 544/590 nm)

150000

100000

50000 -+

0 HEL
Bl SET-2
K562
B REH

0_

N

7

Peptide phosphorylation levels do not exceed lysate background
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PEPTIDE-BIOSENSOR BASED ELISA ASSAY:
JAK2 IMMUNOPRECIPITATION

Peptide Peptide
specifico fosforilato
Cell lysates
Antibodies
_.Lm, - IgG(isotype control) .
- AntiJAK2 Supporto
solido
2h, 4°C, rotex l Supernatant ;_» Supporto
Magnetic beads 30 min, RT, shaking *°'%° Q™
- - P 30 >
Anticorpo
Peptide biosensor _primario:
Phosho peptide biosensors v Antifosfopeptide
Magnete
l 1h, 4°C, rotex
Surnatant
30 min, RT, rot
(unbound) kinase — 2, min, 52, rofex ? >O
actin Biosensor 7
. “ — . Anticorpo
Beads + lmmunocomplex > Peptide v secondario
wash
Magnete
Substrato SEGNALE
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PEPTIDE-BIOSENSOR BASED ELISA ASSAY:
JAK2 IMMUNOPRECIPITATION

Preliminary results showed that
phosphorilated (active)
immunoprecipitated
kkkk .
JAK2 protein
100000 i i could phosphorylate

_ BN IP-JAK2 P a2 biosensor
o E 800001  1gG
g
&F 60000+
83
g
3§ 400001

3

L 20000+

Q- ==== == l_—r_l ==
< ™ ‘V%
< &2 ¥ N §
>('\Q )<'\Q
A N
£ £
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PEPTIDE-BIOSENSOR BASED ELISA ASSAY:
IMMUNOPRECIPITATION

15000+ _ _
3 no peptide (IPantiJAK2)
€ 1 no peptide (IPcontrol)
§§ 10000- 3 pJAK2_L (IPantiJAK?2)
8L [ pJAK2_L (IPcontrol)
S 3 pJAK2_S (IPantiJAK2)
éé 5000 [ pJAK2_S (IPcontrol)
Sl ]

FE
YZ-v0-vZ13H
e10nA
1NdNI
I3y
T3H VI dI
eJONA
T3H dI 981
13H o1e8s| uou 4|

wia| A2 —> — == BB
198 kDa . & but immunoprecipitated JAK2 protein
- PA T I o o Is not always phosphorylated
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PEPTIDE-BIOSENSOR BASED ELISA ASSAY:
JAK2 IMMUNOPRECIPITATION

NEXT STEPS
1. PHOSPHO-JAK2 enrichment (IP with an anti-phosphoJAK2)
2. Alternative detection for the enzymaticreaction

3. Targeting sequence?

@ B
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HEALTHY DONORS

PBMC isolation and cell culturing with Concanavalin-A

ConA treated PBMCs
lysates after 24 h
v lysates of non-treated
PBMCs ConA treated PBMCs  ConA treated PBMCs
: C lysates after 48 h lysates afier 72 h
c . 2’ i s S Coaiy e ConA + ConA +

- = |
- | ~
v l |

Isolation of PBMCs T0 T24 T 48 a

I | | | E—
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HEALTHY DONORS

PBMC isolation and cell culturing with Concanavalin-A

—
5 , = 8 %8 § .
~ ° ®§ ¢ & 8§ r:
P 3 ¥ %
198 kDa
98 kDa
Anti- JAK2 ( 130 kDa) Conc-A is affecting JAK2 expression
after 72h exposure
198 kDa
98 kDa

Anti- Phospo-JAK2 ( 130 kDa)
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PATIENTS: SAMPLE COLLECTION

l
o

PROJECT: “CONCERTO - CROSSBORDER NETWORK FOR

wezien | e T e T | g BB CHILDREN RHEUMATOLOGY™
Kiniéni centsr ubijana | — - ——— scmmmre
e e mp. .. !l::-iww e s BIOLOGICAL SAMPLE COLLECTION Tt'allntauslusenu:; S
_—
Prof. Tadej Avéin Prof. Andrea Taddio

RATIONALE: Collection of biological samples (6-8 ml peripheral
blood in heparin) of patients with JAK kinase activating mutations or
with activation in the interferon pathway for isolation of peripheral blood

[ ]
ﬁ\ ? mononuclear cells (PBMC)

O PBMC lysates will be analyzed with the novel peptide biosensor-based
ELISA assay.

O Aim of the project is to provide the proof-of-concept that peptide
biosensor (so far under development in in vitro studies on immortalized

i — EPBMCS
L &

seecanc sunstaTe “““;m \.—" cell lines) is suitable for the detection of aberrant JAK/STAT pathway

{Biotiaivtsd) OTY.* S in pediatric patients affected by rare immune-mediated inflammatory
& :“; B e disorders. | | . o _

- O In the future, this assay might have multiple applications and might be

% b e i used as a diagnostic test. as an assay for monitoring patient response

’ —— to therapy and/or as a tool for screening a panel of JAK inhibitors

T (JAKi) looking for the most appropriate one in an effort to personalize

patient therapy.
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Grazie per
I'attenzione! /
Hvala za pozornost!

Contatti / Kontakti:
e-mail: :

1

0O Q0 0

2L
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