(—4
= —
p— €S
= =
m >o
0 ~<
w =

Intact-cell MALDI TOF mass spectrometry
for monitoring of stem cell cultures

Petr Vanhara
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Human embryonic stem cells (hESCs)

« embryoblast of pre-implantation blastocyst

 pluripotency

« capable of infinite self-renew in vitro

« source for cell-based therapy, regenerative medicine and tissue
engineering

« 2003: derivation of own hESCs lines by P. Dvorak P and A. Hampl

... raised hopes and expectations
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Long-term hESCs cultures produce
aberrant hESCs

chromosomal aberrations
alterations of epigenomic landscape
gene expression and phenotype shifts

NH TIME IN CULTURE

failure to differentiate
cancer development
Immune rejection

Development of aberrant cells in culture ...
... applications in clinics are still hazardous
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ldentification of aberrant hESCs
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ldentification of aberrant hESCs

* at global levels, morphologically and genetically uniform

* high expression of stemness factors
* visual, molecular or STR authentication fails

Time in cultu‘re: weeks Tlme in cuIture months to weeks

— new tools requwed
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Intact-cell MALDI TOF MS

* robust, sensitive, feasible, affordable
* Nno extraction, fractionation, or compound isolation
 full mass spectrum reflects chemical composition of cells

* similar concept to bacterial biotyping

Hypothesis: Mass spectrum reflects unique chemical composition of
highly complex biological samples and thus can provide effective tool

for cell technology and clinical applications
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Il MALDI TOF MS
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Intact-cell MALDI-TOF MS
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Example of dataset

approach
te complex dataset

13

“‘whole spectrum

vari

mult

[z

= O
- LLI

AR R R R

R sk e T T T T :-‘umz_____

R G R s

éEEEE%5s&&:EEEEEEEEEEEE&EEEE&EEEE:
AT R um«m_m“_“~_~_m_mm«wu*.._

R BRI

Lhbs 233355 1333

A R R u__w_mmmx.m.____uumu,umm_mm .umm__gm__“

GRS R R R

AREER LT n_H“_-“u«uuu_.___-uumu-u_~_____wuammuun_u_u_unnu««~a~_~_~_um“—u uu.____*numnus i

e FEISININA e e = Sisaires = LEAd a3 .

PR .nun",mm_wu.ﬂ.““n. T

ARR1ES 88 t»l...- S5V sas e

QAT EEEHHHE TR T
AR Tt

g e et T G e O L
s R s L R T
R T S R e R

L T T s s e T i

e LA LA IA B s bttt L e ] =22

_—._..__n_-.-_.___.__—.-_.»._______n..uuuunu._._-.uuuu“u..__nu_u~“u-“uu_u..u_.u»uﬁu.___.____u..._-___.__--n

“es AT T A

Sa

P R
xeesammweaaaaﬁaﬁaﬁﬁﬁﬁz_Eaiﬁwﬁaaﬁwﬁais
L T S B T Yy
S T P T R T R )
g T e T
R R R
] SR
s R s R
R A
T SR SR TR T VAT )
R LT e T YT _-u-_-.u._._._____n-__.n‘_»u“__.___—_.u__uwmwumun.________._.__._-_-m..____

AT R s

ses . LR =R LHEH Lo b e ) was e

AT R R R G ERan an

easEimme i Sase v = aeas

AR R R sy

ST R EEL L L EE PR G LR ER R L LT R R E L R R
Y T T L O L LT LT C LT T TR

Y R S L R sy

Jt N RSN R R
FEE L R A R a1
O R R TR st
R R R 1

_ﬂ__________u_____._u_m__m_m___a LSRR L U LT N_umuu".._________,__.n~._____.___

..___________.u._______._w___.__m_._._.“nm“. L L L LR T e L L LI PP R CLLLEL LRI ELL

SRRSRSI PR - anmas 2880303342322

_—um“__n__..__-_ e P EE R T P H R PP E T mm.nmn«mmm.._____n____..._..u.-u.___.
i

a_—..___._.__-_m_-.-_- _—____—________-.x.._u_____“__—_-_mmmpmu.uu______ .wmmmmmmm-_._._._..._-.-p-m-______

Rt EEEt SRR R L SRassatalee Lot .-.m EEEER R am-asase

T AT S T s s

W RS R R R D T

SEeLELoLAN =2LTN Ad e

LSRR TR L CEE UL m_mmmm_mm_~_a___mm_mmmmm_*m___.__..__....__m_________
R L R T B R e ey

R R s R ._u-u..w.____

Se. REtERe o 2e=23 S33=:2 =3< 2233255232 223528323302 =252

__~—._.___.—___umuu‘nnu_.___ﬂ i au.u_____._.u-un_n.mm________uu..—nmuunu.___u____—-u.-._mnm...__..e

R R RITE EER E

Frmaaman ew HHH LD S-S SEErET A

%EEEEEEEEE:mﬁmﬁ=sﬁiafssaseﬁisss;=Ese;
R s
:EEEE&@EEE&Eﬁaﬁseasmﬁa=EE£?EEEEEE&EE;

AL ET R R R R T S sy

thGn RN DR T s S ]

e L e e L b e o Uit e e e e e

;—n”“____ R uumm_._m..*~.______,—_~.~__«“.__«_______mm...._. ity

EEb bl S e b 23 24 it S L4 S SRRmne Aessesss

i
R H T T O TR R R
i

,-....... .... _. ,.. .........L.........-...
_n_.____*.._ U TR T B B TR E L L PR T E H |
HI T A R )

it tit ________mmw._____._______...___~._______________._m_._____
w__-_.. LU EECEE VTR LTI CUEERETEL R T LT CEERECEEREEE T AT LT ._____________.______________
R R TR S M R

_mu~__-_~__-._-—m_mmu-_.____—_m.u-_—aunnnu_-_____ T H P TR P e T TR EP RS H T H

L1 et e e 4 ettt - )

L T T e L T L LT e T L T e T

rau-as aaase s

T T FIRRRARERIITEEL LML RRRRTR A 10D
LU SRS BTG R L LT LR i

.
.
5




Determination of cell types
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Identification of cell type by MS — proof of principle
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Identification of cell type by MS — proof of principle
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hESCs : MEFs

1:1
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Prediction of guantification of
cell types in mixture
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Quantification of cell types in mixture
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Quantification of cell types in mixture

* “marker peak” approach fails
* problem of non-linear relations
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Quantification of cell types

« “Artificial intelligence™ approach

Multilayer perceptron trained on a database

of intensities of selected peaks (m/z)
annotated to a particular phenotype
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Quantification of cell types

« Multivariate dataset based on binary mixtures of hESCs : MEFs
or nESCs: mESCs
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Quantification of cell types —
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Multivariate Calibration Approach for
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Real lab-life applications
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ldentification of aberrant hESCs ...
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ldentification of aberrant hESCs

* based on mass spectrum fingerprints
 correct clustering by PCA

PC 2: 23.80%
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Determination of hESC differentiation

» Modelling retinoic acid-induced neuronal differentiation

Francis and Wei, Cell Death and Disease (2010)
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Determination of hESC differentiation

model of retinoic acid-induced neuronal differentiation
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Determination of hESC differentiation

* model of retinoic acid-induced neuronal differentiation

8 12
] P26 T — 48.81%
10 |
|
i F‘»‘é% ‘ Uﬂtvsaled . ll.
° RAZ ] \
- _umw
® — TR 2, | 23.89%
) rigs M © &~
s "'}‘" Untrgated > %
~N 0 e e e s c \
B (4 .:-rrénnen Untrgated o' Hl =
& Urgaes Unggated 0o \ 10.82%
2 a2 | ] ) P
Q R - w, \\ <1.50%
-4 i g |
Cmgiad 0 5.01% 7 ’ \\b_’“"""‘ SveTeryre
8 i 3.68%3.00%
P 5 0 5 10 15
46 -4 92 -0 8 B 4 2 0O 2 4 & 8 10 Factor number
PC 1:48.81%
s 18
8 stg 14 o 64.72%
|
12 ll
o 4 — |
i}\\ Urtrgated . @10 ||
©0 i mh&;:;'; = 3
;. 2 u-a;bc ) R424 ™ - {
~ Unnsw d RAD E .‘
A% 0 LA
& Unegod Fhg e g ° | _ 22.87%
(&) Untrpates ] \
a 2 \trpated w4
¥ \ _7.67%
o 2 .'a/ < 1.50%
4 . oo %2
Untrgated o | o—o-o-0-0
s 1.57%
. '2.5 0 5 10 15
& & 4 2 0 2 4 6 8 10 12 Factor number

PC 1: 64.72%

==
m e
o=



Determination of hESC differentiation e (——

Intact Cell Mass Spectrometry as a Quality Control

) A N N - b aS ed ap p ro aC h Tool for Revealing Minute Phenotypic Changes of
Cultured Human Embryonic Stem Cells
 training using 23 peaks g e et

recognized by stem cells biology communitg as a
promising approach (Stem Cells Portal 2018)

 successfull determination of “unknown” spectral fingerprint
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Intact cell MS for cell biotyping

Strengths

simple, robust, affordable
biomarker-free

Intuitive, straight-forward

high reproducibility within datasets

discrimination of unapparent but critical
alterations in stem/ progenitor cells that
are not detected by other techniques

clinical applications (diagnostics, quality
control, clinical grade cell technology)

Weak points

Inter-instrumental variability

high number of low intensity peaks
calibration sensitivity

data processing

ANN overtraining

careful translation to routine
application or commercialization
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Thank you for
attention
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