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* Lymfocyty s rUznymi biologickymi ucinky

NK bunky

e cytotoxicka aktivita -
 Regulaéni funkce — cytokiny, chemokiny k |
Secreted cytoki » o ecreted soluble innate . ®
X I—F,\TF : ? Qo .OQ C‘. 8 Yt— Srotec‘ti\?e miolzlcu'es:t Low cytokine and soluble innate
([ V P K dve po p u I a Ce L. © 5 © e ° :yso§yme ? protective molecule production
IL-10 Qo GT;‘:\JSS: .
. Jé Cytotoxicity + Cytotoxicity +++
b CD56+_CD16+ (CytOtOXICke, 90% N K) 2§g&ine :eycretion +++ ﬁgg;ine s:cretion+

CD56++CD16- (regulaéni — sekrece cytokint)

* V déloze a deciduu — odlisna subpopulace od PK

Fenotypové podobné (ale ne identické) populaci CD56++CD16- v PK

Dominujici leukocytarni populace v endometriu, nartst béhem menstruacniho cyklu, maximum v rané
fazi téhotenstvi (az 75%)

Zvysena exprese rady povrchovych proteinu (lektinové receptory, KIR, tetraspaniny, integrinové
podjednotky)

Aktivované uNK produkuji angiogenni faktory (VEGF a ANG2) a velké mnozstvi cytokind (GM-CSF, CSF-

1, TNF-a, IFN-g, TGF-B, LIF, IL2, CXCL10 a CXL12
=GENNET=
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Prirozené cytotoxické bunky

ILC1 ILC2 ILc3
Subsets "':‘.'. (e \ [ E )\ -
* Prirozené lymfoidni bunky (ILC) /'@ @e\e @ \w O
.s . v . o , Master Thet/ Thet/ Thet Gata3 Roryt Roryt
 Nemaji antigenneé specificky receptor Regulator  Eomes  Eomes Thet
Surface Lin-. CD127+ Lin-. CD127+ Lini CD127+ Lin-. CD127+
° I—y mfo | d n | b u n e C n a m O rfo I Og | e Markers C-kit- CRTH2- C-kit+ CRTH2+ ﬁ::-+ CRTH2- z.:;;‘ef;zr:::;a»
 Lokalizace v rliznych tkanich, organech i PK Aoy o b L2
o IL-18 TSLP
* Fenotypova i funkéni paralela k Th lymfocytum . . s o
cytokines IL-13, IL-9 IL-22
GMCSF GMCSF
IFN-y
® N KT b u ﬁ ky Protective Toxoplasma gondii Parasites/ Rotavirus
Immunity Clostridium difficile Helminths Citrobacter rodentium
vz Rhinovirus ondida albicans
* Pritomnost TcR a CD3 :
Disease 18D ' Asthr.'na . 18D N
* Ve vSech tkanich a organech téla sl o
Obesity Asthma
* |dentifikace neproteinové Ag predevsim v
I | p | d OVé h o) typ u ( p reze ntova N é p rostFed N IctVI'm Science, this issue 10.1126/science.aaab566

molekuly CD1d)
* Regulace obranného (poskozujiciho) zanétu
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https://science.sciencemag.org/lookup/doi/10.1126/science.aaa6566

Membranové receptory

Funkce NK bunék je regulovana souhrou signalt vychazejicich z

aktivaCnich a inhibi¢nich receptoru " inhibicnireceptory

Receptory  Adaptory | KIR-L o

Aktivacni receptory (KAR) Cbe  Gharem  CDANKoeA -
iz, 0w |
* |ektinové CLR (NKG2D), Imunoglobulinové NCR (Nkp46, Nkp30, Nkp44), SLAM | Nkpso ' m NKR-P1D e
m NKR-P1C FcRy KLRG-1 GCR7
(2B4, DNAM-1), FeyRIII (CD16) mNKGED-S  DAP1Z CEACAM- OXCR1
| KIR-S DAP12 LAIR-1 3
* Rozpoznavaji heterogenni skupinu ligandl, které se objevi na povrchu v D DA e —\ E%Eé
dusledku stresu, infekce, maligni konverze e s | ChemzoR
 Aktivace tyrosinové kindzy — fosforylace transkripénich faktord — pfepis genti - SAP, EAT2,
aktivace 7
Inhibi¢ni receptory (KIR)
* KIR Ig-like (KIR2DL1,2 - CD158, KIR3DL1 - CD158c), CLR (NKG2A - CD159, CD94, iR T
NKRPI - CD161) s B1 oisgrns
« Ligandy — molekuly HLA I. T¥idy (HLA-C, B, E) e e
» Aktivace fosfotyrosinovych fosfataz - inhibice
Cytokinové receptory, receptory pro kostimulacni molekuly,
adhezivni molekuly o
- mm | Clen skupiny
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NK bunky - funkce

* Obranné funkce — cytotoxicka eliminace
infikovanych a maligné transformovanych bunék

* Regulace zanétu (produkované cytokiny ovlivnuji

iniciaci obraného zanéetu )

* V\yznamny zdroj INF-y
* Regulace diferenciace ThO - Th1l

* Podpora fagocytujicich bunék (MF) = likvidace intracelularnich
patogenu

 Stézejni pro interakce mezi matkou a plodem
(rozhodujici pro uspésné téhotenstvi)

Clen skupiny
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Mechanismus cytotoxického plisobeni

* \/yvolani apoptozy u tercove bunky AR =
* pfevaha aktivacnich signalt - translokace granuli uvnitf oV
cytoplazmy —> aktivni transport pfes cytoplazmatickou O
membranu, uvolnéni perforinu - vytvoreni kanalkd v o 1/
tercové bunce - prostup biologicky aktivnich latek w;@
(proteolytické enzymy - granzymy) - aktivace kaspaz - SO0
Apoptdza —

* Proapoptotickd interakce Apo/Fas — Apo/FasL

Clen skupiny
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Funkce uNK na fetomaternalnim rozhrani

Implantace embrya — fyziologické téhotenstvi

I Cell types

-----

* Snizena cytotoxicka aktivita (HLA-G, HLA-E na ] =5 % ;3@

trofoblastu)
* Kumulace pobliz spiralnich artérii

* Produkce angiogennich faktort (VEGF-C, A,
angiopoetin 1, PIGF) a ristového modulacniho
cytokinu TGF-3

* Dilatace, aktivace endotelové vystelky,
remodelace vaskularnich bunek hladke svaloviny
— remodelace spiralnich arterii = vznik funkeni
placenty

* Regulace invaze trofoblastu
e Zdroj matrixovych metaloproteinaz (MMP) dullezitych pro :
nidaci (naruseni extracelularni matrix) i tkariovych inhibitoru e <
metaloproteinaz (TIMP) B
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Zastoupeni endometrialnich leukocytu béhem
menstruacniho cyklu

Ovulation

Plasma concentration

-
——————————

Progesterone

Day of Menstrual cycle 10-12 day 22-23day  26-28 day Proliferative phase Secre;oiry phase
T cells + + +

B cells +/- +/- +

Natural Killer cells +/- +]++ 4+

Macrophages + ++ 4+

Neutrophils +/- +/- ++

Mast cells ++ ++ ++

Eosinophils - - ++

Leukocytes in the Female Reproductive Tract, Sung Ki Lee, et al. EGEN N ET E (I%etjtstlurgly.ife




Vyznam stanoveni NK bunék v patogenezi
opakovanych potratld a implantacnich selhani

* Velké mnozstvi studii s rozporuplnymi vysledky

Meta-analyza (2013)

Human Reproduction Update, Vol.20, No.3 pp. 429-438, 2014
Advanced Access publication on November 27,2013  doi:10.1093/humupd/dmt056

uman
eproduction
pdate

Natural killer cells in female infertility
and recurrent miscarriage: a systematic
review and meta-analysis

Srividya Seshadri” and Sesh Kamal Sunkara
King's College London, London, UK

*Correspondence address. E-mail: v9dya@hotmail.com
Submitted on December 21, 2012; resubmitted on September 22, 2013; accepted on October 7, 2013

Mozné priciny:
Vyraznd heterogenita studii (riizné definované skupiny pacientek, imunoterapie, rizné nacasovani odbérd, razné
metodiky kvantifikace Nk bunék, rlzny zplsob vyhodnoceni)

Neexistuje standardizovany postup ani referencni rozmezi pro stanoveni uNK (imunohistochemie, cytometrie)

Kontaminace bioptickych vzork( periferni krvi (pratokova cytometrie)

22 studii

Nebyly zjistény signifikantni rozdily v % pNK a uNK mezi skupinami
fertilnich a infertilnich zen

Signifikantné vyssi pocet Nk bunék PK infertilnich zen
Signifikantné vyssi % i pocCet NK bunék v PK zen s opakovanymi
potraty

Nebyly zjistény signifikantni rozdily v zastoupeni uNK mezi
opakovaneé potracejicimi zenami a kontrolni skupinou

Clen skupiny
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Moznosti stanoveni uNK

* Imunohistochemie
+ Rozlozeni bunék ve tkani
- Problematicka viceparametrova analyza
- Hodnoceni nizkého poctu bunék

* Prutokova cytometrie
+ Analyza velkého poctu bunék
+ Vice parametrova analyza
+ Objektivni

FIGURE 1

luteinizing hormone surge

Photomicrograph of CD56 immunostaining endometrium 7 days after

3 ,-;'-ﬂ wg ‘i S .'9
:ﬁ" b, o e
‘ i m\‘ V.rf‘j :’ D) ‘

i ,4?"-”‘

Photomicrograph of CD56 |mmunosla|n|ng endometnum 7 days after luteinizing
A, fertile woman; B, woman with recurrent miscarriage; and C, woman with recur
failure. Positive staining cells (arrow). Scale bar = 50 um.

LE, luminal epithelium.

Chen et al. Measurement of uNK cells in fertile women and women with reproductive failure. Am J O

Problematicka kvantifikace poctu (obvykle jen % z Ly)

Nutnost destrukce a homogenizace tkané
Mozna kontaminace periferni krve

* Molekularné biologické metody (PCR)

FL5 CD56 PC7

"Name of the data file containing the data set uNK B 277 00024267 001.LMD

Institution at which data was acquired
Date of data set acquisition
Clock time at beginning of data acquisition

Gennet

09-Jan-20
14:54:46
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Gate Number %Gated
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1,50%]. . E++:19,29%
104 i
10'3 SEpers”
E-+: 10,49%]
10°3 ¢

Gate %Gated
All 100,00
E-- 6,62
E-+ 10,49
E+- 63,60
E++ 19,29
NK+++ 1,50

FL9 CD3 PB

. [NK cells] FL5 CD56 PC7 / FL6 CD16 APC
o

G: 1,80%]

{H- 26 31%

FL6 CD16 APC
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Moznosti vyuziti prutokové cytometrie

* Procentualni zastoupeni a pocet subpopulaci NK
* Povrchové znaceni (CD45, CD3, CD56, CD16)

Inhibitory
roceptors

“gses
gess
R

* Funkcni aktivitu
e Aktivita (K562), aktivace (CD69)

* Produkce cytokinu |
(TGF-§, 1L-10, IFN-y, TNF-cy

recepl
costim

[/
o000
[sR-R-Re]
molecules

Activating
adhesion or

e Aktivacni a inhibicni receptory
* Inhibicni KIR2DL1,2 - CD158 (rozeznava HLA-C) i
« Aktivaéni NKp46, NKp44, NKp30 o

=GENNET=
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Stanoveni uUNK v IML GENNET

* Cil prace
* Vypracovat metodiku na identifikace subpopulaci NK bunék

* Porovnat zastoupeni subpopulaci NK v riznych materialech
e periferni krev
e vyplach délozni dutiny,
* endometriadlni biopsie

* Zjistit prediktivni potencial pro uspésnou graviditu

* Postup
» ResSerse publikaci
e Zvoleni vhodnych markerl a postupu pro identifikaci NK bunék
e Standardizace, referencni rozmezi

Clen skupiny

FutureLife
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Irish Journal of Medical Science (1971 -)
https//doi.org/10.1007/5s11845-018-1933-8

ORIGINAL ARTICLE

| ) ) ) g NK Cells
@CmssMark | i e k

Moving from peripheral blood to local uterine immunophenotype
analysis in patients with poor reproductive history: pilot study
of a novel technique

Conor Harrity ' (5 - Mamoun M. Bereir? « David J. Walsh? « Kevin D. Marron?

1023

Received: 26 June 2018 / Accepted: 13 November 2018 —
(© Royal Academy of Medicine in Ireland 2018

Abstract
Background A complete reproductive immunophenotype is poorly described, with most focus on peripheral blood natural killer
cells rather than uterine populations. There is debate regarding normal endometrial levels, with no consensus, and much
controversy on correlation with implantation/miscarriage.

Aims Development and validation of a rapid endometrial assessment flow cytometry (FCM) technique, allowing determination ]
of local lymphocyte subset ranges, comparison to peripheral blood, and patient subgroup analysis.

Methods Prospective pilot, assessing patients with prior implantation, failure offered endometrial biopsy before subsequent ART ; ;
cycle, functioning as therapeutic scratch. HRT regime administered to standardise environment, and progesterone-primed mid- St
luteal biopsy (five completed days progestogen, P+5) analysed using comprehensive flow panel to identify lymphocyte subsets. '
Results Two hundred patients were recruited in a tertiary university-affiliated ART centre. FCM identified differing lymphocyte e
ranges between peripheral blood and biopsy. Uterine/decidual natural killer cells are the dominant endometrial subtype. Patients STt / 3 il

with repeated implantation failure had higher uNK levels (52.4 vs 43.7%, p=0.01). Conversely, B lymphocytes (0.87 vs 0.72%, BB L L LR | SIS RELL | T T
p=0.032), pNK (1.21 vs 0.8%, p=0.041), and NK-T (2.68 vs 2.26, p = 0.031) cells were higher in recurrent pregnancy loss. 10° 10 10° 10°
Conclusion FCM is widely used to assess cellular populations, but not typically employed for endometrial evaluation. FCM

provides a rapid, detailed, and quantitative analysis and reduces inter-observer subjectivity bias. Detailed understanding of the CD45KO

normal endometrial immunophenotype, and associated deviations, may provide insight into the aetiology of infertile patients

labelled “unexplained”. Failure despite transfer of high grade, or proven euploid blastocysts, is a difficult problem, and endo- "
metrial profiling may help identify research areas to detemine potential future therapeutic interventions for this di™

population. Table3 Median percentage of immunological subtypes as a proportion .

of total CD45+ endometrial lymphocytes for all patients (n=200) and
proposed “normal” ranges

" Monocytes
~—0.4%

; Lymphocytes
¢: /. 43%

Keywords ART - Endometrium - Immunophenotype - Lymphocytes - Natural killer cells

Lymphocyte subtype Median Range (5-95th centile)
uNK 46.0 132-783

pNK 1.0 0.0-4.7

NK-T 25 0.8-84

CD4+ 104 38-214

CD8+ 15.7 44-345

B cells 07 0243 E G E N N ET E %ijtsaurgly.ife




Irish Journal of Medical Science (1971 -)
https’//doi.org/10.1007/511845-018-1933-8

ORIGINAL ARTICLE

Moving from peripheral blood to local uterine immunophenotype
analysis in patients with poor reproductive history: pilot study

of a novel technique

Table 4 Median percentage distribution of immunological subtypes as
a proportion of total CD45+ endometrial lymphocytes between patient
subgroups. p values determined using Mann-Whitney U test (SPSS v24)

Cell type RPL (%) RIF (%) p value
pNK 1.21 0.80 0.041%
NK-T 2.68 2.26 0.031%*
uNK 43.7 524 0.010%
B cells 0.87 0.72 0.032%
CD8+ 15.1 14.1 0.685

CD4+ 9.75 9.36 0.168

The italic entries with asterisk indicate statistical significance below p = 0.05

@ CrossMark

Fig. 4 Histogram demonstrating
distribution uNK populations, in
patients with RIF and RPL

Table2 Mean percentage of immunological subtypes as a proportion of
total CD45+ lymphocytes for endometrial (» = 200) and peripheral blood
samples

Lymphocyte subtype Endometrium Peripheral blood

Mean (%) Mean (%)

NK 48.5 10.2

NK-T 35 4.5

CD4+ 114 40.7

CD8+ 16.9 21.0

B cells 1.3 12.9

uNK

RPL

Group

RIF

1004

604

404

20+

100

60

=40
20
-0
b & & 4 0 N S
Frequency Frequency
[ | mm | Clen skupiny
=GENNET= FutureLife



Fenotypizace NK bunek v IML GENNET

* Material:
 periferni krey,
 vyplach délozni dutiny (minimalné 2 ml)
* biopsie délozni sliznice (30mg)

* Nacasovani odbéru (implantacni okno)

e Nativni cyklus: 21-23 den m.cyklu (7-9 den po ovulaci)
 Hormonalni stimulace — 6. den uzivani progesteronu

e Zpracovani biopsie
* Transport v kultivacnim médiu nebo PBS do 5 hodin od odbéru

* Oplachnuti, mechanické rozruseni tkané a homogenizace,
filtrace

e Zpracovani lavaze
* Centrifugace, promyti PBS, filtrace, (lyzace) =GENNETZ=
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Priprava vzorku pro prutokovou cytometrii

e 50 ul vzorku (PK, bunécné suspenze ziskané z lavaze nebo biopsie)
e 5ul CD45KO0 + 5ul CD56PC7 + 5ul CD3PB + 5ul CD16 APC
e 20 min inkubace ve tmé

PK nebo bunécéné suspenze s primési erytrocytu
e 500 pl lyza¢niho roztoku Versallyse, promichat
* 15 min inkubace ve tmé

e Analyza na prutokovém cytometru

Bunécné suspenze bez primési erytrocytu
* Promyti 1 ml PBS, centrifugace, dekantace, ressuspendace ve 250 ul PBS
* Analyza na prutokovém cytometru

Clen skupiny

FutureLife
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[Ungated] FL10 CD45 KO / 55 INT

Gateovaci strategie

Lymfocyty CD45+

"

1000+
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"
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FL5 CD56 PCY

r 10 (3
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=

0 B Ly: 14,35%

T ly: 50,22%

107 T
i}

107

b
10

FLS CD3 PE

[NK cells] FL5 CD56 PC7 / FL6 CD16 APC

:D-+: 0,00% D++: 12,26%
NKT: 5,42% s SR AR
1074
- .
= £
<< ,
o 10" el
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] o
| R :
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periferni krev

FL10 CD45 KO / SS INT

[LYMFO 45+] FL9 CD3 PB

£ £ H
a 2 3 Ly: 70,91%
00 100 100
FS INT FL9 CD3 PB
[LYMFO 45+] FL9 CD3 PB / FL5 CD56 PC7 [NK cells] FL5 CD56 PC7 / FL6 CD16 APC
" 1lo,49%

56-16+: 2,83% 56dim16+: 94,31%

FL5 CD56 PC7

FL6 CD16 APC

Gate Number %Gated
56++ 76 0,49
Bly 1159 7,44
NK 3360 21,57
NKT 459 2,95
Tly 10598 68,04

1,24%

T
10% 10°

Imunofenotypizace NK bunky
periferni krev / lavaz

vyplach délozni dutiny

[Ungated] FS INT / S5 INT
000

FSINT

SSINT

FL10 CD45 KO
[LYMFO 45+] FLS CD3 PB / FL5 CD56 PC7

[Ungated] [LYMFO 45+] FL9 CD3 PB
FL10 CD45 KO / S5 INT '

LYMFO 45+ 55,86%)

FL9 CD3 PB
[NK cells] FL5 CD56 PC7 / FL6 CD16 APC

39,51%] NKT: 4,15%

56-16+: 0,81% 56dim16+: 2,99%

10
2
§ § 10'4
0 5
@ 9
[
10°4
0 ’ A .
B Ly: 14,67% T ly: 38,42%) oy
tla |:7° ulz' : 10* 0.
FL9 CD3 PB
Gate Number %Gated FL5 CDS6 PC7
56++ 6781 39,51 Gate Number %Gated
Bly 2518 14,67 56-16+ 59 0,81

NK 7339 42,76
NKT 712 4,15
Tly 6595 38,42

56++16- 6765 93,18
56dim16+ 217 2,99
J 194 2,67

/ biopsie

[Ungated] FS INT / SS INT
000

SSINT
SSINT

[LYMFO 45+] FL9 CD3 PB / FL5 CD56 PC7

FL10 CD45 KO / SS INT

10%
FL10 CD45 KO

Count

endometrialni biopsie

[LYMFO 45+] FL9 CD3 PB

0 10° 100 100 10°
FL9 CD3 PB

[NK cells] FL5 CD56 PC7 / FL6 CD16 APC

FL5 CD56 PC7
FL6 CD16 APC

Gate Number %Gated

10°

10"

56-16+: 1,00%

56dim16+: 3,00%
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FL5 CD56 PC7

Vysledky cytometrické analyzy

gate na lymfocytech (CD45+) gate na NK (CD3-CD56+) gate na lymfocytech (CD45+)
NK 56+3- NK 56bright NK 56dim NKT 3+56+ |T CD3+CD56- 56+16+ 56+16- 56-16+ 56+16+ | 56+16- 56-16+
L median 13,0 0,4 13,2 4,2 70,5 91,2 2,1 4,0 12,9 0,2 0,5
rev
(1) 5 perc 6,0 0,3 3,3 2,1 62,3 87,3 0,7 2,3 3,4 0,1 0,1
95 perc 18,2 0,9 17,2 7.5 79,0 96,3 7.1 11,1 16,7 0,4 1,2
median 21,6 16,24 4,0 6,1 64,17 23,16 74,3 2,6 3,7 13,0 0,5
Lavaz (23) |5 perc 12,7 7,2 2,3 2,9 44,9 11,1 47,2 1,4 3,0 7,7 0,3
95 perc 35,9 31,8 11,8 12,6 74,0 49,4 87,0 4,0 12,0 30,3 1,0
bionsi median 20,7 28,9 2,7 4,6 59,64 12,4 86,7 0,9 3,6 28,0 0,3
iopsie
(11|)° 5 perc 17,8 15,2 2,1 4,0 43,1 6,5 76,4 0,7 2,0 15,0 0,2
95 perc 45,2 42,2 3,7 6,2 73,0 22,6 92,6 1,7 8,8 38,3 0,4
Harrity median 46,0 1,0 2,5 26,1
(biopsie 5 perc 13,2 0,0 0,8 8,2
(200) 95 perc 78,3 4,7 8,4 55,9
[NK EE'“S] FL3 CD56 PC7 / FL6 CD16 APC Table3 Median percentage of immunological subtypes as a proportion
[LYMFO 45+] FL9 CD3 PB / FL5 CD56 PCY D+ 0.93% Des: 7.00% of total CD45+ endometrial lymphocytes for all patients (n=200) and
Ty NKT: 4,27% . . . proposed “normal” ranges
; cF—-' Lymphocyte subtype Median Range (5-95th centile)
U 1 uNK 460 132-78.3
3 % . pNK 1.0 0.0-4.7
1o L\ 010 NK-T 25 0.8-8.4
E I S N CD4+ 10.4 38-214
- ] ' CD8+ 15.7 44-345
T 0 B cells 0.7 02-45
T ly: 37,78% ’] ‘ 0
S e LRI D."',D’m*.;.. - — ik : 92,05% ] wm | Clen skupiny
o 107 100 1% 1 0 10° 10! 10¢ 107 =GENNET= Futurel_lfe
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Otazky

Ma stanoveni uNK bunek klinicky vyznam?
ANO
NE
Mozna, zatim neni dostatek objektivnich dikaz(
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Otazky

Kdy je nejvyhodnéjsi provadét odbér uNK (biopsie)?
Kdykoliv, hladina uNK se béhem menstruacniho cyklu nemeéni
Behem ovulace
V obdobi implantacniho okna (21.-23. den cyklu)
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Otazky

Ktera subpopulace NK bunék dominuje v délozni sliznici?
CD3-CD56"r8ht CD16-
CD3-CD569mCD16+
CD3+CD56+
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