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MEOH00JODNIMOMYo300L  dLogslgds s dolo LEGIGHOLE0ZMMO
LoOHINDMMOOL FLodm{Agds® My X3MBol CD56¥, CD56memal
s CD56%8  d39xa53990L dobgzom (UNK-U  Hosm@gbmdmogzo
9655060900 Lg3mAz9wBY).

Chi-square test 359myggbgdr)en 0dbs LobdoMgqgdol dsbsfowgdols
F9Lo@IMPIWI® MY ©5 LsIMBGHOMEM ¥aMigddo.  39MIM,
d9otagdmee  odbs  CD45*  @go3m3o®gools s  uNK-U
bB3M3Ms30gdoL- CD56*, CD16*, CD57+ 356396900l bLobdoMggdols
3obofogds. LoMfambmmdol 30M0@gMm0ds odmygbgde odbs P
Loo@yY. P <0.05 Bsomzmow 0465 bGo@obEozmow Lo®mdmbme.
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33@930L 890093900 @5 3oblxs

CD138-9b6comdgh6o0. 50 3¢ BIXH0 2pe6. ol 353960

CD138* 3eoBdm30@gdol 0396m@m35¢0bs30s bogmb@mmenm
@ bO33mg30 XaBgdol  gbmdgB®odgool  bodmIdgddo
Bo@o®mgde 0465 JOMbozmwo gbmdg@®modol asdmbsgagbsw (J9).
Lo3MbGHOME™ Xamndo dgdmbggzems 20% Fomdmoygbowo ogm <3
CD138* 3sBdmmo MxMgo/1039%-Bg, d98mbggzsms 80%-do 3o gl
MROIJO0 96 0dbs  bobobo. 9ol AbpogLo, MM XaMBdo
60dmdgdol  22%-83o  sdmBbs <3 CDI138*  3oBdm®o
wx6900/1008-%g, 78% 30  bgaodommo  ogm  s0bodbywo
WX M99d0L 9993390 MdsBY. obarglo 3Go@EgMHomdoo [Liu, 2018],
(6@Iol 0sb5bds Jg sabmbBOM©Yds >5.15 CD138* 3ewsBdmHo

xR 6900/10832-%g), Bgz96L L3393 s Lo3MbBHOMEM Xa539dlL
MO0l LEASGHOLE0ZMM® LOOHIMBM goblbgoggds 56 0gbs bsbsbo.

5009650, 50b0dBMw0o X MBRIOOL 9b™IgEHMomdol b0odmdgddo Jg-U
3m@9b3omco  Bgyozwgbs 2sdmomogbs (Lwy®.1). sdol geo-gBmo
d0bgBo Fgloderms oymb 1533¢930 33300l I30MxM0EbMm3bYds
@5 51939 J9-U Lb35sLb3S Lo sABMLEBH03M 3M0EHIMOMTNdO.

Control uRPL

(=1 cells/mm?) (=1 cells/mm?)
S Blme

Gl ©

wo x> T e .

bey.1.CD138  3¢msbmgodgdol  0dwgbea3olideagnmzsemobsgos  wxmgouRPL) s
Us306056hcagmer 03 9939080.b3GM0s80 3¢5 bOmpodgbos1/BF,  gbomdgdmomdols
X0033em980 (GI) 30aB0ohorytos CDI138 ol 808s650. ligserol dsbihsbo=100um.
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L53MBGHMMMM s 153393 X3IRBIIL FMEMOL LESEHOLEHOIMMS©
96009369m3560 256Lbgs3905 56 0gbs bobobo zoenzg swgdmwo CD45*

(P=0.06), CD56* (P=0.99) s CD57* (P=0.14) 956396900L Lodopsgm
LOOYJOL FmOOL: aMox3.1(a); Mox.2(c); 3M5x3.3(g) LodsToL.

0935, 90 0563960900l  9909ads  BowMd390memds  9boeroBds

Lobdotgms sbsffoggdols dobgzom (frequency distributions) 5Bggbs
om0 2obLbbgzs39dmwo sbsfioargds (P<0.001 CD45, CD56 s CD16-
boogol, P<0.003 CD57-Loogol) Mm@ Xando  30mbGHOHMEgdmsb
390056M90000: 4653.1,b; 46593.2,d; 36593.3,f @5 gM53.3,h. Ggliodsdoloco.
50 95639005 49bsfogdol  gobls3m®gdo  Fobslinsmgdergdo
999560905 uNK-I 6om@9gbmd®og Mrob06Mgdsl (3b6.2).

6b®3.2. uNK-b bepdoeadapamsgosms s a0303300980L Gscagbrmb®ozo 6Gsbiotgbs
23 3 bigeabeacerr X8 g9680.

CD16 y6/3%". CD57 sy 6/08%. CD45 ey6/0. CD56 /082,
N (%) N (%) N (%) N (%)

0-30 >30 0-30 >30 100-450 >450 0-90 90-300 | >300

(sdoma) | (Bmfdsgm | (Bsmagmo)
- 2fn)

9 52 21 40 37 24 18 27 16
(14,8%) | (85,2%) | (34,4%) | (65,6%) | (60,7%) | (39,3%) | (29,5%) | (44,3%) | (26,2%)

JMQ
X090
@900

lsgob | 8 2 6 4 9 0 0 9 0
O6o | (80%) | (20%) | (60%) | (40%) | (100%) | (0%) | (0%) |(100%) |(0%)

e

CD45-356-¢m9030930H507xm0 3593960

L53MbGHMMMM Y¥amRol Jowms 9bmdgEHMmomdol bodwmdqddo
CD45* @go3m3odms  3mb3gbBHsgos ogm  100-450 w9y 6/33*-0l
RoOgddo. dbmwmo 9Mo 60dMddo s©0obodbs 93 VXM
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dwogH ©OEO  MMmYbMds-2160 wx®/AF%. oL gsdmg 0o
33908030M©s OHMamM3 (3939 063¢sds@ Mo 3HMEqLo.

Control uRPL uRPL
(100-450 cells/mm?) (100-450 cells/mm?) (>450 cells/mm’)
» . - ro.w e
TS 2 - I ey Fa i -
v T e %
7 B ATy
< “w, . .-',“' &l i e
. s b A e
e i { Gl nds -/ gt 3
»- 3
S v Gl - Sk y .

boy5.2.CD45* @ngo3esgodors 00gbeagezsgrobsgos bszebdéeanex(s) s ergo
(uRPL) x89%9880: 8)100-450, 8)>450 #ypcY/OF 39%83539880. dsb8Hsdo=100um.

dombgsgo o0 Jgdmbgzglzol  godmbo@egdols  3MMHGEsE0IM
36553039099, dobo LooEg o6 0dbs  BsNIWOOo  LazmbEHGMEM
X2IBOL dmbo3gdms sm3zEolal. MMmA® 353096@gddo Fgdmbggzoms
65%-80 CD45" 5m@9bmds 0gm Lozmb@mmeom xawmaol dmbsggdoms
R5MAwgddo (100-450 wmx6/002), 85806 GmEs 35%-80 s00bodbs >450
/092 (P<0.001; bwyM.2 s 393030 1.a,b).

(a)
CD45
2250+
rY
2000
e 1750
£ A
£ 1500+ A
-
2 42501 ™
= -
> 10004 -
g 750+ La, : ~
[=] Al AA
O 5004 22, laaz
250 _'E‘— m“‘"““"‘! aas
el A
[ = T
° &
& >
<

8353030 1,a. CD45-0b 3639653300l bs8eg5¢ner boowggdo Hmg@ (uRPL)
@3 bszeabieagne xg23500.
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(b)

CD45

»
b §

~e- Control
RPL

$

Percentage of cases (%)
g 3

S

. Ll L L) L) L) € W - W . v v v ' L Y v . v . » 0 .
o S O S O S S O S
PSS L S L SEE S S TS S S @“Q WSS
Range of CD45" cell numbers

35%030.1,b.  CD45-0b  gstxomdooo  bobdoGol  gsbsfoangds 903036005025
©s020g6m8G0og0  (sbigotidol  bsgeydzgemby wimge (URPL) s  Us3e6(56agmen
XB5B9880. bsdepserea bogo@ggdo  emsbogosotigbacros 100a9x/0F  Gs63985¢.
B363ea8000 bobBoty 9690l 8eapgcmo xRN0 G3bgol ydsgger 60080
36mEI6O K.

CD56-uNK-U beagsqoo 3563960

Lo3mbGHMMEm xamaol gbmdg@®momdol 60d/dgddo CD56+-1
3639635305 0gm 90-300 wx6/00? 53oMagddo. Bgdmmsmbodbme
303939 0bxwsds@mermer  60dwddo  sobodbs CD56* uNK-U
9m0sBHgdwo  MomEabmds (877  mx6/33%). wma©  xyMBdo
39000b3935m5 AbMwm© 47%-30 50b0dbeo Jo039M0L go3M39wgds
abaogLo 0gm Lo3MbEHMmMEM ¥aaol dglsdsdolo Loowobs, 22%-s
509603b690ms CD56+uNK-UI 0593900090900 Grom©gbmds, 32%- 30-
dmds@gdmero (>300 mx /3% P<0.001).
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dmbs3gdoms 899amdo sd8dsgqdol dobbom, CD56* uNK-U
900900 3mb3gb@®m30900L  Mbg0Mgdol  LyxmAdzguwHy MMy
X3MBOL 353096HJ00 ©O0gMm 3 J3IXJINOE: ©Vdso (CD56%<90
wx0/00%), bemedogom®o (CD56mm™d 90-300 wx™/03%) s To@oo
30b396¢ 53090000 (CD56tER >300w%6/dd%) (Lw©.3, 4Msx3030 2.c,d).

Control uRPL uRPL uRPL
(90-300 cells/mm?) (<90 cells/mm?) (90-300 cells/mm?) (>300 cells/mm?)
. T - . A e R
CWNRRD e Gl S v-"‘.,‘.‘ L Gl%
L s TR I \tﬁ'\\,t\-.
- w y ’ L
- e, £ - A L2 !
‘el % . “‘rr \epé 4
- > o5y » 5\
# / Y. S | Mo %e { .‘ 1 :,
§! .
> J-\ ¢ ' Gl / \ \ ¥ ; :“&\‘.:‘*\a \ 0“
S <
5% . s d A A P ok ,‘":‘ .
¥ s LAY e

b3, CD56:uNK-ls 08e6e230b5e2¢n0335¢0005505 bsgebGergoen(s) s oyergo(uRPL)
XBIBob  B)osBsero,  g)bratilsrgto @5 @0 JebegbdHeogbol
608-389880.1535070ls slBsBo=100um. Gl-gbomdad@oriiols x069em9B0

CD56* uNK-b 03 dgoom@om ©9dadsos  9bomdg@®mowmddo
MM sofegmegdols 2968530 Md5d0 003WGOMS
96™IgEHMomdol 036m0 BESGHMLOL gobdLsbmzMge doMoms©
39639650, 0019935 dsebg obsswdgamd®ogzo alizgbgdom. obo
330939930, LosE ©JIMBLEHMOMYdIMO 0gm Mma®  X3Rdo CD56+*
ulNK-b  9m0s@gdmeo  30b633963HM0305  Logmb@GHmmEm  xawnmsb
9900564000 ©5 YIMoMIds 56 9d(39Mm©s Fo0 ds F5B396909wls
(G0dgeog dbg3g 05369 boyogwgbsl  sbgbl  9bmdg@®owmdol
0939330 MdDY), (3939 90PN 5T FoMIYOL 56 5©IMIBbS
36MMabmnbmwo  ©oMmgdMEgds 8mIEI3bm  MmOLYWMdOL  Fglsderm
390939G0L MoL30L  goblEBOZMOLOIMZ0L @S 2oIM33939¢0 MRS
dobo ,,85000 F5639693 ol Mgangl56EHMdS.
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50935650, B39bL 9OMB5d0, 0lgzg OHMYMOE BMYogMo Mobemgls
3393500, bsbsbo 0dbs, MHMA MMy 3530963 s 9bmIgEHModo,
RIOGH0LO0 Joegdologsb 4oblibgsggdom, bsoliosmgds CD56ruNK
3993390 Md0L BoMHNM O35HMBOM, S FlodErmd IYMBOE 0gmls

(c)

1800+
1600+
1400+
1200+
1000+
800+
600+
400+
200+

CD56" cells/mm?

CD56

—
=

§ £ 39

Percentage of cases (%)
w »
T 3

=]

g 3
‘\‘
”’.

CD56

-e- Control
«~ RPL

A T T A

NN
N

v Ad ' 2 § v .4 . & . v T Ad
S SR X N N N N Y
ST LTSS S S S
R R G S A N

Range of CD56* cell numbers

3059030 2. CD56 306396¢9 635300l bsdysamer bogooobs (€) s dobo gs6omBooo
LobBotols gbsffogmgbs uNK-b Gisbigocigbols Lgexigoebo(d) exrg@(uRPL) @5
bageabdoeagoen x:3989880.0563900b Loo@ggbo esbogogotigdoxos 100x o
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6369850 (d). gsomBoco bobBoty wH39698L dmpgdeyemo e Ggeiemo Gsbgol
99039¢ 60098035 3050239692285

©505¢0, bm®IsMHo s Fowswro d9d339wrmdol 99dmbgzgzgds. gl
MRO® 9GO 599sm90L 00 JMBsbBMYGOSL, MHMA KsbIOMgo Jowrgdols

96M™IgBHMomddo  sMOLYdMOL uNK-bL  goblszmmMgdmmo, 36Hm-
RIOGH0WOH0 306396GHM9305.250©s 5doby, B0, BrMIsErMEOo
@5 Fo0oo 39933390 mdoL  J39xaIRIddo  Jomo  goblbgzeggdmwo
896m@03900L 5LGOMDS 80100070 296Lbg939090
350MwMy0Mo  994oboBdgdol sOLGdMOSDY 98 J39xaIBIdT0. U
3oblbgs3900 39630610900 96my96m6Ho 099969960
©obybJ309000m vy gabmAIbMmHO  GodBHmMgdom  (dxE3wP0wo
90360md0Mdgd0 9bMIgBHM0mddo) XM 300093 A0TML3ZWI305
Bo©®353909c Gglfogersl dmombmgl.

600 53¢™Mgd0 CD56* uNK-U 9dudsbbosl 9bmdg@Mowmddo
blboob  sbomgdomo  dEymdsMgmdoms @S  05dGHIM0MMO
3033mbg63gd0L d0dsmm 0dMBMGmO  M195J309000, MOLSE SWHOWO
5936 JOmbogzmwo  gbmIgBHmoGHol  @OmML.  dobo MmO
960™39GH®0dol  odRmEoG®Ms Lbzsslbgs Lvddma3wwms30gdbg
50 560l dmEmdg  dqufegerowo. uNK-b  Hosm@gbmdols o
1bJz0gd0l 33X090900L 239609, 96 MIgEHMowdols
00996MmM9(393309™mdol  Fg33wol  dobgbo  Fomomgdgb
00996M35M9 009 ©s 3oGH®GMJLOMG  bMB3M3MWS30gOL
MO0l 0965535MHEMOdJOOL  ©MM3935BDg 93 9939651369 ms
LoloMygdm©.  Bmaoghomo  33wg3oL  dobgzom, 9 OOML
50dmBgboe odbs CD56+ uNK-U 96033690m3bs @odsero mby,
300069 99000b3939030 J9-b go69dg. 53539 IM{amdL Bzgbo Lbozzwgzo

MY XdIBOL M59gbodg dgdmbggzs CD56" uNK  J39x 3300096,
boOE  IPILEAHMOS  Jg-U  9OLYdMBS. gl Fgloderms  S0bLbsl
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sbogdomo  9bmIgBHmomdol  ©9RgIGHMOO s T9bgegd o
690mgomgdom  uNK-bU  ®om@gbmdol  89dgo6gdols  godm,

G0Iwgdog 1533960 MY ML FoMTMeygbgb 9bmIgEHMomdol
90993965300L5 S bMT>E GO H9(393(30EMdOL Jobomfigzsc.

DMmA0gHo SEMmIM 399803530500 MR XaBdo <40 CD56+
/002 603x3gd0o  gobboo ogm Gemym®E uNK-U ©sdsero
399339 ™doL d98mbg93900. B39bL 33¢93500, GMIgE0E IMO(393S
RIOGHOWOO Joengdol d306Mg LogmbGHMmMEM 3M3mGmEL, B396 396
500m35B0bgm <90 v 6/30% -Bg bsgargdo 89d33gwmdol 39M39OMO
Bodmdo. oMo sdols, CD56*uNK J39xamndo  00bodbgdms
Lo3mbGHMME™ X3MB0LYo0 396Ubg53900 CD56/CD45,
CD16/CD56, CD57/CD56  05b5856M©0Mdgd0. 53 9mbs3gdgdds
3398304090065, MMI ©og39gLsbs MBGdM 935360 cut-off Loowy (90
wx6/002), 0dobomzol  Moms  dmy3zgbobs  uNK-U Q050
099330mdoL  990mbzg3990L  0©IBGHOBOE0MGDS,  OMIGLmS
3903053 Ibs Imbgl dgdmbggzems MBM™m oo 60dwdgdols
332930L9b.

oI

356329(9960

9bm3gBHMosmo CD16* s CD57+ uNK-U gobMowo
00 9bMds, GMIgerog 0936 dOMIsdo 0dbs ©gIMbLEMmOoMmYdMwO
M3© 35309639030, dommomgdl uNK-U 53 Uwddm3mes3ogdols
BOAMGHMJLOMOMBOL  QoBMEO 3mEgb3E0sDY. MRS, ©®IBLY
15350500Md, OMIJEo NBOM 30AMEGMJLYOos oo FmMob. Bzqbly
1533093 ©d  Logmb@mmem xamxgddo  9bmdgdMomdols
BOAMGHMJLoMOMBOL  LEHIGHMLOL 3gm  Fgbolfogws ©@s 3 ™G
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956 396L Mol dgE0 GHMILOOMBOOL 3mEHIB(305OL odmbogwgbsc,
96039 BHMomdol  30M3BOEJO0  350M3033¢0900  JOMNOOMYISQ
6039 96 390H%bY.

Lo3MbGHOMM™  XamRol  Jogms 89%-0b  9bmdgEHMomddo
500bodbs CD16+* uNK-U 9900609000 ©odseno 3583969090 (<30
wx6/00%). ghm 60dxddo (11%) gb ooy sMfig3ws 64 W ®/IF-b,
bown  Bgdmmsbodbme  0bgwsdsGmemer  bodmddo  3o- 178
wx6/002. M  X3IBRI0,  Bo3mbGHMmMEULLAE  goblbgsgzgdom,
d9dombggzoms  dbmermo 15%-8o odbs sagboero CD16+uNK-U
5050 35B3969dgwo (<30 vx6/00%), BsMRID 85%-1 30 5096086
59 MR 9JO0L oo 3mb3EgbE®MS30s.

B396L 33093500  LAHIGOLGHOIMOSE  Y39wsbg  Lo®fidmbm
39bUb353905 1533093 s LHIMBEHMMEM X 3MRBJIL FMOOL 5BMRBL.
CD16* 09563960l  565fogdsdo, GmymeE  bsdmswm  boowob
dobgozom  (p<0.001), sbgzg LobdodOyew  gobsfoergdsdo  (Chi?
AbAH0=9,64; P<0.001) <30 9x6m. ©s >30 wx6. 99933900
J39%283900L dobgz0m (3b®.3; Le™.4; 46g.3,e,1).

6b®.3. CD16" -0l bobdotepemo gsbsfoengds wamgo s UsmBGmane xca-9229800.

CDh16+ <30 vyx6/002. >30 vyx.6/30? UsgGonm
65mg6mds

b53MbGHMMEM 8 (89%) 2 (11%) 10 (100%)
X030

15 (15% 46 (85%) 61 (100%)
TR XdIBO
LogBonm 23 48 71 (100%)
5m©9bmdos
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Control uRPL uRPL
(<30 cells/mm?) (<30 cells/mm?) (>30 cells/mm?)

. : : Gl

ol Gl.

= ,\
_ 4 A Y
5 ' d - a . ‘

b4, CDI16'uNK-b 0dwberdolihercmeazsemnobsgos bszeabdreaemea(s) ws wymgo (uRPL)
X39%9000: 8) <301 /IF 05 8)>30 raxe /0. lizsemols dsbicBsbo= 100 um.
50LB0TBSZ05, MMA CD567m™a daqgyawmado, CD16* s CD57+
GOAMAHMJLoMOHMBOL JoM39M900 0gm dMmIdEJdo, bognem CD56'w
J39%37R%0 30 3500 29BOOEWO EMbY 50IMIBbI 353096
~40%-U. ©6sMBgb 60%-do CD16%-li GoM©Ibmds 5FoMDIO©s 303
CD56*-b ®oibgl, o3 dommomgdl CD56+ uNK-b sd3g009dwgem
50q96MdsBg 96 CD564™ uNK 56 Ubgs 0d4bmdo »xMgogdols (35,
8530x353900L) doge CD16* -0l godmbodwar 9dudMglosty.
L5gOSOPIOM 0gm gho-9hmo d9dmbggzs Bz9bo Lozgergzo
CD56°" 439%399583096, Losg uUNK-U @sdsero 999339 mdols s Jg-
b 5M5MLYdMOOL ZmbYY, bmewrme CD16* s CD57* 30GH™mGH™mILome
LB3M3MWOE05S  J9FMbIGHMWO  EOLBSWSBLOL  godm  353096GL
509603690m©s MmOLwEmdOL 14 1300698000 F9(Y393)s.
Lo3MbGHMOME™  ¥amaol 56%-00  30GHMEGHMILONOMdOLS ©S
G9mdobscom@o  dmdfogxzgool  Ishg9bgdgwo  CD57+  uNK-U
3Mb396@®o305  gobolobmzts <30 vx®/002-0m, 44%-do 3o S0
953969095 Fgo0a0bs >30 /032 530l LBo3oMOL3OMM®, MMA®
X353do 50bodbmero 05639600 390569000 Q3OO
363965305 (<30 M) 6/38?) 500b0dbs dgdmbgzgzsms 32%-3o, dsdob
OmEe gu 363900 MBOM Foswo 3mbi3gbE®msgoom (>30 wmx6/00?)
506> 9dmbggzoms 68%-0o (P<0.001; bwy.5; a®sx030 3.g,h).
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180 AL
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Percentage of cases (%)
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7N
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SRS RSS
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Loy e YLy Y
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S PSS LSS

Range of CD16* cell numbers

330 3. CDI6 30b96¢9Gsp00L bs&rseom boools (wx/dF) () s dobo

stxomdooo  bobdomHols 8565poemgs  uNK-ls  GsByotigdol  bsgeydage gD
IBQURPL) @s bszeabdeagne x85939880. CDI16 ¢msbogogotigdexros 10ax0/dF
G5bagds@(f). BstiomBono bobBoly Hfggbydl drpgdaro oxGIomEo Gsbgols
996390 60898025 36GmpI6ALI B Tglisdsdol xgeyzdo. ™ P<0.001.
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Control Control uRPL uRPL

(<30 cells/mm?) (>30 cells/mm?) (<30 cells/mm?) (>30 cells/mm?)

6l

6l f £ & SR
- Gl ' : ‘

6l '

b5, CD57 ulNK-U 0d76m30ldeagnmiserobsgos Uszebdteagmer:  5)<300q¢/OF),
P30 gx&0F @5 og@ (uRPL) xaom9880: 8)<3009x™/0F), © )>30 o3 voF).
Uzsamols dsbiddsdo= 100 um. Gl-9bocady0-930l x}ot33¢7960

GOmames  Bggbo  33wg3000  ©op0bes, CD16* s CD57+
WX M9gOL 3Jmbsom g9blibgs390E0 9x85M©Id0mMO MbY MMy
x3m53do (CD56* uNK v1x%6M90900L  Gom©qbmdmogo ®obgocmgdols
dobg30m). oM 530Ls, ST MO 30GHMGHMJLOME FoM3gMOL FmEO,
B396L Lo33eg3 MM  3M3s30sdo, bsbsbo ogbs CDI16+ uNK
xR 6M9gd0L 369™dobsb@GHmmds  CD57+  Mx69090056
39056Mm9000.

0my@-CD56%e"  g3gxando,  @bsdBgbo  J3gxaIBgdoLoyb
39b6Lbgz039000, CD57* vyx690gd0 Fo®dmagbowo ogm CD56-L0sb
9900569000 B0 3OHM3MOE00m. 0d0L Qomzswolfjobgdom, GHmd
CD57 9563960 99b36HgLoMYOMOs A9m3obser e
©0gIMY630ORYw NK  9xMEgddy,  gb 9gegeo  dglisderms
980900939 50 &o3ob 2R 9GO0 5943690
©0g9M96305305D9 MMy- Bmaogmho 9dmbzgzsdo.

23



(9)

160~
140- %
o~
1204
E Asa 4
% 1004 R A:
3 804 ® A .
7;, 60 . Aa, Jtaa
8 404 : Ad,laana
A A A
S e A A A
7 =l Aldaands
o T T
>
<° ¥
8 F
50+
-e— Control
RPL

N w »
o o =]
1 1 1

Percentage of cases (%)
=)

ﬂ%/\

A

>

c

A v A —

L] Ld
NN O I OIIR SO

)

Range of CD57* cell numbers

3@op30 3. CD57 306396¢90s300L bsdwseom bowowobs (vx/0F) (g) s dobo
Rstomdooo  bobdotols 8565pocmgds  uNK-L  Gsbyotigdol  bsgeadggerbg(h)
IMBOURPL) @5 biszeb e xgoy59880. CD57 garsbiogogotigdeyras 10x6/0F
G5bag850.  Gstiomdoono  bobBoty  B39698L  deagglero  xEgRaTo  Gbgols
F90639¢ 60398035 36033969)ee2Bb BglisdsGob x3zdo
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wodRME0GHMS BB3M3MEs30gdLs s WYo3m30EJOL JmEol
MEOH00JONIMI0IOMEO0L 356339308 JoBbom, godmyqbgdye
0gbs L3MABOL 39830E0IHEOL JMOMYLE0MMO GHgbGo (Spearman (r)
MR ©O LOIZMBEOMEM Yamnqddo CD45+, CD56*, CD16%, os CD57+
05M390Oms  MOMOIOMNIMMGEO300L  Fglogsligders s o3
3MOgo3ool  BEGIGHOLE0IMMO  3608369wmdol  Fglodm{dgdes
memy-b CD56%, CD56™™al o5 CD56bed  dgqxawaqddo (3Msg3.4,a,c;
365335, e,g).

96™IgBHMomdol G ©s  ©obsdon®  Jumzowdo
03996mMA0MM0  EOLBSEBLOL 3339 JlBMdOL 390,
Dotdmbgboll doBbom, 999m3094gbgo saMqm3g sboero 0bmgszom®mo
3565893M900:  39W3gNw  F56M39Oms  30b396GMS309d0L Ao
3963LobEgMgm  domo  gRsMIdomo oo  gbmIgEMmOsEGO
©wg03M3E0GHJO0L  LygOmm 3Mm3sEosdo. sggg, CD16* s CD57+
LB3M3YWS30gd0L F9B5MHIO000 oo UNK-mx 69900l bogHom
50q96005Lmob dodoMmngdsdo.

CD56/CD45 302%9¢m5305 @5 02565356085

CD45*903m303H900L 3mb3ab@®mozos Logmb@mmem xawado
©SIV0MOE  3MOHgoMgds  CD56*+ uNK-U  6Hom@gbmdoliosb
(r=0.683; P<0.01). 530l ULsdoMoOL30OM, 53 doM39MIOL Mol
3095305 56 359M3w0b©s M-l sO39OM J3gxamBdo: CD56™
(r=0.004; P=0.99); CD56ma! (r=0.3;P=0.14); CD56"" (r=-0,239; P=0.39).

CD56/CD45 05655356MH™d0L 9b5¢Er0Bob 99009350
3°9m3w0bs, O3 BgMHGHOWMEOO 3MbEGHMMMgdol 9bmdg@momddo
ulNK 9% 690900 9950039600696 crgozmEo@oms Loghmm Gom@gbmdols
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30-70%-b. gmo> 60dwxddo 53 5B39690gwds Josmfios 85%-s. CD56reomal
J39xa3mxndo  9gdmbggzoms  81%-do  seobodbs  CD56/CD45
00bsgsM©OMdoL  dugogbo  3sBggbgdgro,  GmamGoz  oym
Lo3MbGHMMM™  Xamndo. 35906 OHMEs 99539 J39XJMIBOL 3069
RMoJ305d0  (19%-80) s©0dmBgboer o0dbs CD45* wg03mE03gool
95050 3mb3gbE®Mo30s, Mol 49dmi CD56/CD45 0sbsxsmmds oym
do0b odseo (P=0.5 vs. Logmb@®mmem xmx30).

Mey-CD56  dggxamagdo (CD56%m™al -lasb  9oblbgsggdom)
d9dombggzoms  dbmwme  22%-3o  CD56/CD45  sbosga®mdols
95639690890 bgogbo 0gm Logmb@mmem xama0lL 03039 Looobs.
50 9900bz93005 ©@oE  MIMLggbmdsdo  (78%-0o) CD56/CD45
05658350M©Md0L 3583969390 0gm B0, Mo 0TSl J0MMOMYOU,
Gmd  CD56* uNK-U 6om@gbmdsls 0930 9350Md9ds CD45*
©903Mm303JOOL BHMEIMMO Mom©gbmds (P<0.001 vs. byzmbEHMmem
Xd0BO)-

mey-CD56%e! 3gxamado d9dmbgggzoms 25%-do CD56/CD45
05658350 M™d0L LOWO Y 0TYMGBIIMES BIMBEHOME™ KABOL 0039
996396980l g3oMqddo. 12%Ub 30 50g60dbs CD45* ¢g03mE0@EgooL
M30MMILI® OO  MOSMEIBMBS @S 9Jgsb  25dmA0bstg
CD56/CD45  05658356@Md0L  ©sgd390mgdyero ooy, mw)dEe
CD56%e! J3gxama30l 9bmdg@®omdol 60dwdgdol MaEMmsgzwqlicdsls
(63%-U) 3dmbs CD56/CD45 m5b535Mm@Md0L dowseo 3sb396909w0
(P=0.05; vs. LS3MbGHOMWM X3MR0), O3 FoMDomMgdl, Gmd CD45+
X O9900L BoFoMdg 3odmf39ro ogm CD56* uUNK-I dmds@gdmeo
(5096Mmd0m, M5d53 995003065 W9go3miEoEs 95%-09.

CD56/CD45  05b58356©Mmdol 3563969090 96Lbb3zs398900
0Y™ 939x 29390l dmnMobsg: CD56™ vs. CD56m2l P=0.005; CD56'v vs.
CD56tst P<0.001; CD56ma! vs. CD56"e: P<0.002. 3465g3030 4. a,b).
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Range of CD56/CD45 ratio values (x 100)

3053030 4. CD56/CD45 856339698 8eaciols geacigemspos (@) @s oasbsgstiomBs (B).
CD56/CD45 025b5g5(3080b 35bsfoemgds (%) uNK-U Gom@gbmbiogo Gobiotgdol
bsgadggerty  om@ @ bymbotom  x305988.  mooggro  bodgdo
Ps8cac03.960¢705 [igihoeroor (Bsgoliszeib A XgoBo; 3sby: g -CD56°™;
GObR9Go:CD56°™;  Fooygemo:CD568%).  bsjebdGexmer  xgoagols  8exbsggdnbo
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G90mbsbmgteyemos  BsGBmoo.  obfoo  Joooogbryemos  outlier-9(ors@g6H00
Us30606cagmer - bodwdo  sboygdols  603698003.  bodwdgdo  3erslogopoEYBrIE0s
bsggboxmgdeogo  GsbzotgBom,  Geadgemog  gdysgds  3mGobebdsea®  @yhdty
8000029829¢m Fglisdsdols boowggdl.

CD16/CD56 3026595305 @5 05658550285

CD16'9% 6909008 Gom©gbmdols 3mGMgwsios CD56-00b o6
50dmBbs LASGOLEHO03MMO BoOfIMbMm, MHMaMME Bv33g30 MMA®
XdIBoL 563900 J39x3B30, 21939 LIMBAHOM™  xyB8og:
CD56°v, r=0,361;P=0.14; CD567mal, r=(.172, P=0.40; CD56%e", r=-0.211,
P=0.45; Ls3mbGHMm@m xamgdo: r=0.126; P=0.75.

CD16/CD56 05658560 ™d0l 565¢00Bds 58396, G0md CD16*-l
3Mb396@®5305 99000965 CD56+ 1% 90980l Hom©gbmdols 5-25%-
b BgMbGHOME™ Xamndo. CD56%™a J3gyamado dgdmbggzsms 59%-1
CD16/CD56 056533500Mmd0L 3583969090 3Jmbosm Lsgmb@®mmerm
X3MBoL 03039 098396900l gotyengddo;  30%-do  CD16+-b
3Mb396@Mo30s  0ogm oMo, bmerm  11%-do 3o  dsomo
5mqgbMds  5FoMdGO©s 3ogz CD56* x©9gdol Momgbmdsls
(P<0.001 vs. bygmbGHMME™ X3MR30).

CD56°% d39xawdo 990mbggzems 28%-do CD16* v mggdols
50q96Mds 0ym ImdsEHgdmeo, 56%-3o 30 3500 MHOEb3o °FoMmdId©
CD56* 99x69©gool  MomEabmdsl. 50 J3gxamxnol  dgdmbggzoms
dbmwn  6%-do  CD16/CD56  0bsgs®@mdol  dsh39690gwo
399L505390Ms LOIMBEHMmMEM XaMRoL 04039 dsb3969d9w L (P<0.001
vs. Lo3MbGHOMEM X aw930).

CD56%  d3gxamzgdo CD16/CD56 msbsgstmdol ooy
999L505090Mm©d BIMBEHOMW™ X MR0L 03039 358396999l (P=0.92).
50bodbmmo  Msbsgeom@MdOL  3sBg969d9w0  goblibzszgdms
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J39%2BIOL dmcolbs: CD56PY vs. CD56%m™al, P=0.002; CD56%% vs.
CD56teb, P=0.001; CD56mmal vs. CD56%8?, P<0.001 g60g3.4. c,d).
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353030 4. CDI6/CD56 B85(339(98L 8raciols 3eacigemsgos (€) @s 0asbsgstiomBs (d).
CD16/CD56 02565g5(30B0b 3sbsfoemgds (%) uNK-U Gomagbmbbozo Gobiotgdol
bsgadsarty  gms@ @ byabdtoge  Xo8988.  00oxggero  bodgdo
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Psedeacoggbocos figtidoeroos (Bsgoliszebiencnr Xggo; H3sby: esp -CD56°;
GOb#R9Go:CD56™:  Fooygemo:CD5682).  bszeabdGeamer  xgeagols  Bexbsggdnbo
G90mlisbegtrexmos  BstBmoro.  obtoom  dooooygbryemos  outlier-9(ors@g6H00
Us30606cagmer - boddo  sborgbols  b0bgBomr.  bodndgbo  3erslogosoEgBre0s
bsggbomgbiogo  Gsbgotgdoo,  Goadgog  9igsgds  3m0babGaB  @gHdty
8000029829cm Gglisdsdols boowggdl.

CD57/CD56 3035905305 @5 025653560285

CD57* m% 6900900l ®5m©9gbmds 39O GH0wwm0 3mbEHMMmEgdols
960039 3HM0mddo 56 30090090 BEIGHOLE0IZMMo© Lo®fdmbmo
CD56%-0b  3mb3gb@®mozosboeb (r=0.066, P=0.87). sbg3g, 96 odbo
3MmOgaszos  Bobsbo  CD56%  (r=0.070; P=0.78) o CD56remal
J30x389080(r=0.112; P=0.59). CD56"" j3gx 318300 30 gd8mzergboew
0d65 LEIGHOLE0IMMO© LIOHIMBM Mstymazomo 3mMgmwsgos CD57+
@5 CD56* 9xM9g00L MHom©abmdgdl dmeol:r=-0.514; P=0.04. gL
396503690 Fgloderms s50blbsll 00 BogBom, ™I GMoysb CD57
99b3MgboMYOMWOSs A9MdobsemEs 0g9IM9630M9dMw,
3oO™AOJbonem NK v%690gdbg, LsgzsMmomom© 900 mbs
3Jmbgl 3 MYXMIMS ©IYM3690M ORIMIBF0MYIL MMmy©-U
Bmy0gmho dgdmbggzsdo.

Lo3@BHOHM@W™  ©> YMIE  XJIBOL  J3IXBIBIOL  TImMob
3obUb353905m  Asdm3zgbolbmgols CD57/CD56 0565856 Md5Lmsb
90056090530,  50bodbMo  MBsBIMEMIOL  FsB3969d9wo  0dbs
30bogoE0MgdMwo:  <20%-sdswo,  21-60%-Lsdmowm,  >60%-
9o0d0O0.

30



(e)

- CD57/CD56 correlation
140+
120+ °
o > ® e
= 100+
g . :
+ 80+
~
ot e 0 e .
0 604 @
o .
40 % ® s
N “
20+ o &
... ’. ®
c T 1] L] L] L L T 1] 1 I’l‘ 1 1
S S S S S S S S S @3&“ S '&@
CD56" cells
CD57/CD56 ratio
80
= -~ Control
o 70-
< \ - LowCD56
o -
o —« Normal CD56
8 504 —= High CD56
s
© 404
)
8 304
g 204
5
& 10-
0 B P ./.\_
- L L4 L] v Ld h ¢ v ¥ -2ig w v n L
S S S S S DS S S S P S

Range of CD57/CD56 ratio values (x 100)

352030 5. CD57/CD56 8539698 8m@ol geadigemsgos (€) @s 0565a56xomBds (D).
CD57/CD56 03s635035030raBols 3sbsfoamyBs (%) uNK-ls Gomepgbmdhogo Gsbyotgdols
bsgeydggerdy  gm3@ @5 byzmbdemea  xao59880.  ooomegaero  bododo
Ps@0goggboamos Fatidogroo (B30:b3300800merm xXgo50; 93s6y: esg-CD56°";
GObRgG0:CD56™;  Foogemo:  CD56%t).  bisyebhGeaemer  xgeymol  8eabsggdobo
Bs®Bmomo.  obthoor  8003003989cm0s
bszmBGeagren - bodgBo  sborgBol  6086gbood.  bodxgdpbo  JersbogogotyBrros

G98calis bztexmos
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bggborgbrogo  GsbgotigBoos,  Gradgemop gdgstgds  3mtobebdsat  @yhoty
0000098797 Gylsdsdols boooggdl.

Lo3MbGHMMM™  xaMxol dmbsfowgms 11%-  CD57/CD56
05655835M©Md0L  3sB396909e0 3dmbs B0, 67%-U-Lsdom,
22%-b  30-0505¢00. 530l LadoMmoL3oMmmE, MMmy-bU  CD56!v
J39xamndo  990mbggzoms  17%-3o CD57/CD56  09bsg3ommdols
bLOOY A96OLYDBPZMS MMM  Lodmoem, bmem  63%-do 3o
LAHOGHOLGHOZMMS©  LoMfdmbmo  Foosgro  oym  Lo3mbEHMmMEM
X3NBN6 Igs0gdom (P=0.03 vs. control).

memy- CD56™m™al dggxamado CD57/CD56 0obsgzaMmmdols
Loo@y AbyogLo 0ym LozMbEMMEM X3ROl 0039 doh39bgdOLs
(P=0.84). CD56%et d3gxa53d0 75% 50b0dbemo msbsgs®omds ogm
©593000090990,  3s8ob  OmEs  25%-b  5©09gbodbs  Lydmoem
9563969990 L53MbGHOMEM X MBMb dgstmgdoom (P=0.02). Mmmco-
b 939%35390L dmobsg s1939 90obodbs CD57/CD56 msbosgs®mdols
39blb353900 dsh3969dgero: CD56 vs. CD56=2! P=0.003; CD56'*%
vs. CD56tet P<0.001; CD56%alys CD56Meh P=0.003. (36093.5. e,f).

CD16/CD57 302595505 @5 02565R5(0205

B53mbGHOM@m xaabs ©o Jma-b sHEIO0  J39xdMBd0
CD16* s  CD57*  9x6gogdol  GomEgbmdgdl  dméol

LEHOAOLGHO0ZMMO©  FB0dzbgermzsbo  3MOgWsE0gd0 96 0gbs

©53gb0wo. Lo3MbGHMHMWwm xamxdo: r=-0.042; P=0.92. mmao-b
CD56% d3gxamxdo: r=0.384, P=0.12; CD56mm™al Jgqgyawa3do: r=0.166,
P=0.42; CD56%!d3gxawagdo: r=0.258, P=0.33).
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Range of CD16/CD57 ratio values (x 100)
352030 5. CD16/CD57 856339698 Beachols 303659¢75305 (B) @5 0256583560085 (h).
CDI16/CD57 035659563080l 35bsPoemgds (%) uNK-b Goraqpgbead@ogo Gsbyotigbol
bsgadaerty  omae @5 byobdGogm  xao89d8o.  ooonmgao  bodagdo
PsBeacoggbogmos Fotoaroo (Bsgo:liszobdtoen xXaaBo; Hgsby: rpe-CD56";
GObR9G0:CD56™;  Gooygemo:CD56st).  bsjmbdGomener  xseymol  8eabsggdnbo
G98malisbegtexmos  BsGBmoro.  obfhoor  Goooogbrymos  outlier-9(ors@96H00

Usgmb3Geagmer - bodrdo  sbogBol  608698003.  boGnBo  Jersliogoz0MIBoIemos
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bsggbotgbiogo  Gsbyotigdoo, Geadgerog  9dys@gds  3mBobebdserat  @ghHdty
30000298297 Aglisdsdols boowggdl.

CD16/CD57  09658350@©Mdol  sbosewo®ds  sBggbs,  HmI
RIOGHOOO 3MbGHOHMEgdols 9bmdgEBHMmoddo 33%-3do
36935w0Mmgds  CD57+  «x69gqdo, 6oL  gsdmg  90bodbmeo
0565g835M©M™d0L  JoB39690go  0gm  ©sgd39000gdo. 56%-0o 30
CD16/CD57-05B396909e0 dbvydydoo ogm dmds@gdoviero CD16* -ob
boeOrxbg. IbmwmE 9ghom 60dxddo (11%) s0bodbmeo ooy oym
MRO® Jo0oeo CD16% -U bo3zdom@ FoMd0 MHoMm©gbmdol asdm.

memy-CD56% (P=0.14 vs. control), CD56%ma! (P=0.05 vs.control)
©> CD56Y (P=0.01 vs. control) J39x2+98390d0 59m3obos
d9L505dolo 03 dgdmbggzoms 6%, 4% o 0%, Losg CD57+-ol
50q96M0ds LFoMdmMds CD16*-U. 02039 J39X% 31539030 dgdmbggzems
33%, 42% o 25%-00 CD16* dbv1dvydo 909853 gdms CD57+-ob
50q96M0d5L, beagom CD56P%-d39x 30l 61%, CD567™al-ols 54% o
CD56tet-0l 75% dgdmbggzqgddo 3o CD16+-l om@gbmds 933900Mo@
5FoMdqds CD57+-L LH3MBGHOMMWM XQMBMID FJIMIO0m. 03039
939%2890L FmMolL  LEGOLEH03MMS© Lo®fdmbem Asblbgeggds 56
0dbs  sdmbgboeo  CD16/CD57  osbsgs@romdol  bLoool
dobgz000: CD56P% vs. CD567mal P=(0.95; CD56'"% vs. CD56"e P<(.30;
CD56mom=al ys. CD56%et P=0.29 (30593030.5. g,h).

B3960 330930l T9gagd0 53gsMgAL  SOBYIWM  303MNYBIL,
Omd MmO ©S  BIOGHOWNM0  Joegdol  9bmdg@Momddo
3obUb35390)0 03MbMM0 FoMgdms. MBOM g@0E, N300 MR-
Lbgoslbgs J39%a8gddos 30 (UNK-U @sdsero, bmMdscrmGo s
35050 9903300 Md0m) 3°6bbgs390mwo 09bm©o
9obolloomgdgd0s. 59@9bs, FoagzsRbos MMT,  MMmy-b 935369
39bLsBW3OM 3% NIdTo  9bMIgBHEmosmEmo uNK-l bmLEGHo
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XdIBN6 9905609000 (P<0.001), 90900090l 3o
239BOo 30GHMGHMJLoMG 3m@GH9bEoswby. sdgbs, CD16*
d9bsdenmd obbowrme 04bsl 30GMGMJLoMOHMdOL gPm-gOHm
3mG9bEome 85039050  MOLMEIMBOL dmbogmbgeo
3999Y39G 0L MoL30L 3OMYbMBOMGIOLIMZOL MM X yMRTO.
9O XJMNBOL 35309bGMS 9o MBgEH0mdo bolosmgdmM©s
CD56* uNK -l 3993390200l BsOM™ ©0535HDMmbom: godmoym
3 939%2980: ©dswo (CD56°%<90 wx®/33?%), bm®Iserw®o
(CD56™™al 90-300 wx6/03?) s dogowo (CD56Mer  >300
wx6/002) 306(396GHE(309000.
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505¢0 3983390 MdOLY, oAb FoGHMGHMJLome CD16+
@5 CD57+-0b 45B6M©oo oo CD56*-bosb 300sG:09dsd0.
CD56* uNK-U  6om@©gbmds  Logmb@®mmem  xamxdo
LEHOGOLEH03MMOE LOMHIMBMO IPIIOMOE FMOHYOMHIOS
CD45* 903m303gdmsb. 5dob LodoMoldoMmm, dso JmGol
3MmOHIO3E0d MMA© XdIBRI0 96 godmzwobs. CD56/CD45
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d0m0m9dL 50 J439% 299839030 296Ub3539090
35000969 HM0 39dob0BTJO0oL 5MLYGOMIIBY.

CD138* 05639600l  031bmEm35¢0bsgool  dobgwzom
1533093 Qo bo3MbGHMME™ X3MB390L dmOol
BAOGOLGH0ZNNMS© LoMHIMbm asblibga3gds o6 odbs Bobsbo,
HomdE  3odmMoabm 0dbs JOmbogmwo  9bmdg@modol
b9go3wgbs  Bggbl  ogé  Jgbfiogaro  9b™mdgEMomdols
608m390do.

36



305,

2200996005730

> ey 9659bgbols  dJmbg  Joengddo uNK-L  Lbbgsslbgs

133M3YWO30900L  03bm3olEGmdododmo  IGNMEOM
33w930Lsl,  B0Bsbghmboos av0doxbml 3530963 gd0L 2
Jd39xXaMB0,  OMIgmsg  ogzom  Abaogbo  sbsdbgBo s
3wo0b0o3m®mo  Lod3BHM™Agd0, ToaEsd 03MbMOO  LESEGHMLO-
5035Mo©  3oblb3939005(doe00b  IdSo 96
do0sb dowowo uNK-b  ®»osm@gbmds) $9gbs, LErmwos
3obUb3390  Joymdoly s 03MBM-0530m6M930609d g
939960b65c0mdsL o FoMHmgdgb.
960™3gEHMomdols 00mbmGmo  a56Mgdml  Fgxoligdolbsls
d0BsbIgmboos 96y dod@GHm uNK-UU  Lwgddm3mesosms
BLMEMEMOHO M5MEOIBMBGOOL QobLsDBEZMY, sMsdg  smo
390339100 0565835MHEMIGB0Ls s 03MBMBIBMEH039d0L
(30GMGHMILOMOO/3OM-BIOBHOWMEM0)EPI0s, B3 byl
3970gmdL  mmg  96s369Bol  dJmbg  Joewgddo  dmI9g3bm
mOLYYEMIGOOL  ImMbogrmEbgo  F9fy39BHol  Molgol
39535b905L s 06030 MMO 03w)bMTsMMYROMIOIO
0965300l 3560oE-35309bFGHMS FgOhg3sL.
CD138* 3sBdmEo®gdol ©9@gdaos 039bm3obEmdodom®o
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Introduction

Recurrent pregnancy loss (RPL) affects 2-5% of women of
reproductive age and represents profound phsychological stress for
couples and still big clinical challenge to their gynaecologists
worldwide. RPL has been associated with increased risk of obstetrical
complications and unfavourable perinatal outcomes. Women with RPL
are frequently reported to have “Great Obstetrical Syndroms”™: pre-
eclampsia, fetal growth retardation, pre-term delivery and stillbirth,
which further emphasize the relevance and complexity of the problem.

The exact aetio-pathophysiology, diagnostic/treatment strategies
of this multifactorial, heterogeneous disorder are still controversial.
Despite the extensive research ~50% of cases still remain unexplained
(uRPL), the vast majority of which is attributed to the disturbed
tolerogenic allo-immune mechanisms at the feto-maternal interface.

Disturbed endometrial immune receptivity due to the inadequate
number and function of endometrial immune cells-different
subpopulations of endometrial lymphocytes is one of the most
controversial immunological pathways, that has been associated with
uRPL. Especially, the potential role of altered number and proportions
of uterine Natural Killer cell (uNK) subtypes is sharply debated.

uNK cells represent the predominant lymphocyte population in
the endometrium, reaching up to =80% of the endometrial immune
cells. They are key players in tolerogenic immune mechanisms of
pregnancy. Particularly, uNK cells play a critical role in normal
processes of implantation/placentation, remodelling of uterine spiral
arteries and enhancing uterine vascularization by producing angiogenic
factors. Excessive angiogenesis due to high uNK cell density or activity,

which is also possible during implantation, results in increased blood
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flow and can lead to oxidative stress and termination of pregnancy. uNK
cells are pivotal in maintenance of endometrial homeostasis and
contribute to the normal processes of decidualization.

There are two main populations of phenotypically and
functionally distinct uNK cells: the predominant subset (=70-90%)
encompasses cells expressing CD56-the general molecular surface
marker of NK cells at a high density. They lack CD16, classical
cytotoxicity marker and are CD56* or CD56%1# CD16- uNK. These cells
have little cytotoxic activity, but are a rich source of many different
cytokines and growth factors and are mainly immunoregulatory uNK
cells at feto-maternal interface.

The other minor subtype (=10% in endometrium) comprising 90%
of peripheral blood NK cells (pNK), express low-density CD56 and are
CD56%= CD16*. They have limited cytokine output and are primarily
responsible for cytotoxicity of NK cells. Supposedly, this subpopulation
is involved in the pathogenesis of uRPL.

CD57 is another classical cytotoxicity marker of NK cells. It
designates the last stages of NK cell differentiation and a robust
cytotoxic potential. It also denotes terminally differentiated senescent
immune cells. Recent studies reported the increased number of CD57+
NK cells in women with spontaneous, as well as recurrent pregnancy
losses.

An imbalance between immunoregulatory and cytotoxic uNK cell
subpopulations has been associated with disturbed immune
environment and altered receptivity of endometrium in women with
unexplained RPL.

Chronic endometritis (CE) constitutes another factor of disturbed

immune reactivity/receptivity of endometrium, promoting unfavourable
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immune environment for the development of embryo and leads to
pregnancy failure. Many studies reported high prevalence of CE in
women with uRPL, but data are controversial.

Currently, the on-going challenge for researchers is to find out
highly informative, reliable endometrial immune parameters to predict
the potential risk for subsequent miscarriage in uRPL patients.
Unfortunately, there is no agreed standardized protocol for the
assessment of endometrial immune status and no consensus on reference
ranges of immune cells. The relevance of “high number” of uNK cells
and its link to reproductive failure is also unclear. These hamper the
research of endometrial uNK cells and its translation into clinical
practice. Therefore, the measurement of uNK cells acquires more
significance in research settings, as well as in clinical investigational
protocols of reproductive disorders.

Study Hypothesis

Taking into account all the above mentioned, we suggest that in
women with unexplained recurrent pregnancy loss, in comparison with
healthy, fertile women, there is a dysfunctional endometrium due to the
imbalance of immunophenotypes of different subpopulations of
endometrial lymphocytes, resulting in altered immune receptivity of
endometrial environment and pregnancy loss.

Aim of the Study

To evaluate the association between unexplained recurrent
pregnancy loss and imbalance of immunophenotypes of different
subpopulations of endometrial lymphocytes and find out more
informative endometrial immune parameters in women with

unexplained recurrent pregnancy loss to predict the potential risk for
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subsequent miscarriage and define specific subgroup of patients for

individualized immune treatment.

1.

Study objectives:

In endometrial biopsies of uRPL and fertile control women
Immunohistochemical assessment of CD16t, CD56*, CD57+
subpopulations of uNK cells, CD45‘Leucocytes, as well as
CD138* plasma cells (marker of Chronic endometritis), and
comparison of their concentrations (cells/mm?) between groups.
To define in uRPL and fertile control endometria the ratios
between immunoregulatory (CD56*) and cytotoxic (CD16*,
CD57+) subpopulations of uNK cells, and the ratios between uNK
subpopulations and over CD45‘Leucocytes by frequency
distribution, in order to reveal their different
immunophenotypes and more informative immune parameters.
To reveal more potential cytotoxic marker between CD16*, and
CD57+ cytotoxic subpopulations of uNK by examining the ratios
and correlations between them.

To assess correlations between different subpopulations of uNK
cells and Leucocytes in endometria of uRPL and fertile control
women.

To detect CD138* plasma cells in endometria of uRPL and fertile
control women to exclude the influence of chronic endometritis
on immune environment in our investigated endometrial

biopsies.

Scientific novelty of the study

To evaluate by Immunohistochemistry the complex and dynamic

endometrial immune environment in the well-defined subgroup of
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uRPL women, simultaneously a set of 5 immune cell markers and their
combinations were applied. To characterize better immunophenotypes
of different lymphocyte subpopulations, we have used innovative
immune parameters (instead of separate, single immune markers), such
as: the ratios between immunoregulatory and cytotoxic subpopulations
of uNK cells, as well as their ratios over endometrial leucocytes. That
enabled us to unveil previously unappreciated possible pro-fertile and

cytotoxic immunophenotypes in uRPL women.

Materials and Methods

Study population

61 paraffin-embedded endometrial biopsies from women with
uRPL (2015-2018yy) were selected from the endometrial tissue biobank
at the Placenta-Lab, Jena University Hospital, Germany. They comprise
the study group.

Inclusion criterium for study group: women with >2 unexplained

recurrent pregnancy losses (from the time of conception until 24* weeks
of gestation (ESHRE Guideline on RPL, 2018)).

Exclusion criteria for study group: any of the concomitant

identifiable causes of RPL, such as: polycystic ovary syndrome,
endocrine disorders, metabolic disturbances, autoimmune disorders,
luteal phase deficit, thrombophilia (Anti-phospholipid syndrome),
infections (Chlamydia, Gardnerella, Mycoplasma/ureaplasma).

10 endometrial biopsy samples were obtained from healthy, fertile
oocyte donors, recruited at the Laboratory of Immunology, Institute of

Pediatrics, Obstetrics and Gynecology, National Academy of Medical
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Sciences of Ukraine (Kiev, Ukraine) (control group). Samples were
collected before the beginning of oocyte stimulation protocol.

Inclusion criterium for control group: at least one viable pregnancy

and no miscarriage/artificial abortion in anamnesis.

Exclusion criteria for controls: any autoimmune disease, antibiotic
therapy and vaccination 3 month before the endometrial sampling.

All participants were from the same age group (under 42 year).
The mean age of fertile controls and uRPL patients were 27 and 33.5
years, respectively. Endometrial biopsies were collected in the mid-
luteal phase of the menstrual cycle (19-22 days) with the pipelle
catheter. All participants gave their written informed consent. The
study was approved by the respective local ethic committees of Jena
University Hospital (registration number 2019-1305 from 8 February
2019). All procedures were in accordance with ethical standards on
human experimentation preconized by the Helsinki Declaration of 1964

and its later amendments.

Methods of study

Immunohistochemical staining of immune cell markers

In our study we used immunohistochemistry (IHC) for the
detection of CD56+, CD16*, CD57+ subsets of ulNK cells, CD138*
endometrial plasmocytes (marker of chronic endometritis) and CD45*
(pan-leucocyte marker) in endometrial samples of uRPL and control
women.

In comparison with CD56* and CD16* -classical markers of uNK
cells, CD57+ is routinely used for the identification of terminally
differentiated “senescent” CD8* T lymphocytes, also, designates the last

stages of NK cell differentiation and a robust cytotoxic potential.
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IHC method due to its specificity and sensitivity, compared with
other traditional tissue staining techniques (Hematoxilin & Eosin), is
regarded as the Gold standard to identify localisation and tissue
distribution of immune cells within the whole stroma, quantify them
and evaluate their relation to other components of endometrium
(luminal epithelium, glands). This is very important, because the main
characteristic feature of RPL endometrium is migration and
accumulation of uNK cells under the luminal epithelium.

The other advantage of IHC, in comparison with the flow
cytometry, is that it does not need enzymatic processing of endometrial
tissue and therefore antigenic/immunogenic information is preserved.

In our study paraffin-embedded endometrial biopsies from the
control and uRPL groups were sectioned at 4 um, in a microtome and
deposited on SuperFrost slides (Menzel, Germany). The investigated
markers were assessed in subsequent sections.

Following dewaxing in xylene and rehydration through
descending ethanol concentrations, antigen retrieval was achieved in a
citrate buffer at >95° C for 15 min. Slides were washed in Tris-buffered
saline-Tween20 0.05% (TBST). For inhibition of endogenous peroxidase
activity, tissue sections were incubated with peroxidase block solution
(Dako, Germany) for 10 min and washed in TBST. Primary antibodies
were prepared in antibody diluent solution (Dako, Germany) and
incubated for 1 h at room temperature (RT). Antibody specifications and
dilutions are shown in table.1.

Following washing in TBST, the slides were incubated with the
secondary antibody (labelled polymer-horseradish peroxidase (HRP)
anti-mouse, clone: DAK-GO1, Dako, Germany) for 30 min at RT. The

peroxidase reaction was developed with DAB (3,30-diaminobenzidine;
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Dako, Germany) and discontinued with water after 15 min.
Counterstaining with hematoxylin was followed by mounting of slides

with histofluid and cover slip.

Table.1. List of antibodies used in IHC analysis

Target Type/Clone Supplier Dilution

CD16 | Mouse Monoclonal DJ130c Santa Cruz 1:200

CD45 | Mouse Monoclonal2B11+PD7/26 Dako 1:200

CD56 | Mouse Monoclonal-123C3 Dako 1:100

CD57 | Mouse Monoclonal-TBO1 Dako 1:100

CD138 | Mouse Monoclonal-MI15 Dako 1:100
Cell counting methodology

Slides were documented and analysed using an Axio Imager A2
microscope and Zen Blue software (Zeiss, Germany). The first field to be
captured was selected at random near the luminal epithelial border
according to the recently agreed standardized protocol (Lash, 2016).
Next fields were selected by moving one field to the left or right of the

original field, keeping the luminal epithelium in view. 5 non-
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overlapping high power fields were obtained (20x objective) and
documented per case.

Positive cell was defined as an immune-positive structure
associated with a hematoxilin-stained cell nucleus. Cells were counted
manually by two investigators, unaware of the identification of the
groups. Cell count tool from FIJI/Image J software (National Institutes of
Health) was used. Cells within the glandular epithelium, blood vessels
or areas filled with blood and mucus were not considered. Data were

expressed as mean number of cells/mm?.

Statistical analysis

Statistical analyses were performed using the GraphPad Prism
software (Graphpad Software, Inc., San Diego, CA, USA). Mean values of
concentrations of CD56*, CD16*, CD57+ and CD45* markers (cells/mm?)
were evaluated by the nonparametric Mann—Whitney test. CD138¢
plasmocytes (marker of CE) were recalculated according to the newest
criteria (Liu, 2018) and expressed by cells/10mm? The ratios between
markers were calculated and expressed as percentages. They were
classified as low, medium and high values. Data were compared between
uRPL and control groups.

Correlations between CD56+, CD16*, CD57+ and CD45* markers,
according to the subgroups (CD561%, CD56%=2! and CD56%g?) were
determined by the Spearman correlation (r) test.

Frequency distributions of markers were compared between uRPL
and control groups using the Chi-square test. Values of p< 0.05 were

considered statistically significant.
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Results and Discussion
CD138-marker of endometrial plasma cells

Immunolocalization of CD138* plasma cells was carried out to
detect the presence of chronic endometritis (CE). In control group, 20%
presented <3 CD138* plasma cells/10mm?, whereas in 80% they were
absent. Similarly, 22% of uRPL endometria had <3 CD138* plasma
cells/10mm? and 78% were negative. Applying the latest criteria (Liu,
2018) by which CE is diagnosed by =5.15 CD138* plasma cells/10 mm?,
we have not observed statistically significant difference between study
and control groups. Therefore, the potential influence of CE on our
investigated samples was excluded (Fig.1).The reasons for that may be

the small size of our study populations, and different diagnostic criteria
fOI' CE Control uRPL

(=1 cells/mm?) (=1 cells/mm?)

B S

CN TS S =S

Fig.1.Immunolocalization of CD138 in uRPL and control groups. Plasma cells in stroma
<l/mn?. Endometrial glands (GI) positive to CD138. Scale bar-100um

No differences were observed in the mean values of CD45
(p=0.06), CD56 (p=0.99), and CD57 (p=0.14) graf.1(a); graf.2(c); graf.3(g)
respectively. Nevertheless, further analysis of these markers showed
their different distributions in uRPL patients (p<0.001 for CD45, CD56,
and CD16; p=0.003 for CD57) compared to controls. graf.1(b); graf.2(d);
graf.3(f) and graf.3(h). Particular features of distribution of these markers
were based on uNK cell count ranges (uRPL- CD56'", uRPL- CD56Na! and
uRPL-CD56"#" subgroups). (Tabl.2).

49



Table.2. Cell count ranges of uNK cells and leucocytes in N and %

CD16 cell/mm? | CD57cell/mm? | CD45cell/mm? CD56 cell/mm?

0-30 |30 | 030 | 30 100- | 5450 | 0-90 | 90-300 | >300
450 Low | normal | High

uRPL 9 52 21 40 37 24 18 P 16
14,8% 85,2% 34,4 | 65,6% 60,7 | 39,3% 29,5 | 44,3% 26,2

% % % %

Contr 8 2 6 4 9 0 0 9 0
ol 80% 20% | 60% | 40% 100 0% 0% | 100% | 0%

%

CD45-pan-Leucocyte marker

The concentration of CD45* leukocytes in control endometria

ranged from 100 to 450 cells/mm?. One sample in the control group

showed an excessively high number of CDA45+ leukocytes (2160

cellsymm?) and has been classified as inflamed since a high leukocyte

number indicates an acute inflammatory process. Although present in

the correlation graphs, values of this case were omitted from the

calculations of control values. In uRPL patients, 65% of cases were

within the control range (100450 cells/mm?), whereas 35% showed
>450 cells/mm? (p<0.001; Fig.2, graf. 1a,b).

Control

(100-450 cells/mm?)

Gl

uRPL

(100-450 cells/mm?)

uRPL

(>450 cells/mm’)
- r

N> s

el R e
PP ot A
N

i S R 5
s Gt % Focs”
P55 b LY
2\

Figure 2. Immunohistolocalization of CD45* cells in the endometrium of the

control and uRPL groups (100-450 and >450 cells/mn?). Scale bar = 100 um
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Graf'l. Mean values (a) and frequency distribution (b) of cell count ranges for
CD45 in controls and uRPL cases. The distribution of values from samples
classified in ranges of 100 cells/mm? (CD45 The relative frequency shows the
percentage of samples in the respective range.

51



CD56- general surface marker of uNK cells
In all control endometria, CD56* uNK cells were present at

densities: 90 to 300 cells/mm? The inflamed control sample displayed an
elevated uNK cell count (877 cells/mm?). Only 47% of uRPL cases
displayed values similar to that of controls, 22% had low amounts (<90
cells/mm?), and 32% presented elevated numbers of CD56* uNK cells
(>300 cells/mm?) (p<0.001). Based on these results, the uRPL patients
were classified into subgroups with low (CD56°%<90 cells/mm?), normal
(CD56mm=al 90-300 cells/mm?), and high uNK cell counts (CD56%8%>300
cells/mm?) for further analysis of the data (Fig.3, graf.2,c,d).

Control uRPL uRPL uRPL
(90-300 cells/mm?) (<90 cells/mm?) (90-300 cells/mm?) (>300 cells/mm?)
- . . . CF737 48 TR )
ARy ',' : Gl - ; '," v-‘-'!',"' Gls
L aw TR TR T ' i‘ \T.‘, kY \,'t:\ v
. J f [ 4 M
. 4B N by ' LT IO
S 4 % " N SR \r‘}‘ }w.\,
> 4‘ / o -y AV B+ { R
! S Gl P ¢ " “\\ \ ‘\"
> MF ' L @ \ *
; % SR
X ; ) '\ ¢ et 1}
PR A o 0 R A
v o e b e

Fig.3 Immunohistolocalization of CD56' cells in control and uRPL group: in
CD56°™ (<90cells/mn? ), CD56"™ (90-300 cells/mny’ ) and CD56""
(>300cells/mn?’) subgroups. Scale bar = 100 um

During the last two decades CD56* uNK cells, detected by IHC
method, was regarded as the main immune marker to evaluate the
immune status of endometrium, however with conflicting results. In
previous studies, the increased number of CD56* uNK cells was
demonstrated in uRPL women compared to fertile controls and low
attention was paid to reduced number of these cells (which has also

harmful effect on endometrial receptivity). These studies failed to show
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any prognostic value of increased number of uNK cells to predict the
risk for subsequent miscarriage in uRPL women and the relevance of

“high uNK cell count” remained unclear.

(c)

1800+
1600+ a
o 14004 =
£
£ 12004
K]
= 1000+ a
8
L 8004 S
b3
e i
O 4004 Al s
-EETT IR
200+ ,%, % x
o &:,.L
T
»
< &
5 *
80+
§ 704 -e— Control
‘J RPL
$ 60+
®
3 504
-
O 404
S
© 304
S
@ 20
5
& 104 \
c Ld L L A Ad Ll v ' > § ¥ Ad Ll v L . Q' Q'
T N I N I N R R S S ®
NSNS PSS

Range of CD56" cell numbers

Graf2. Mean values (c) and frequency distribution (d) of cell count ranges for
CD56 in controls and uRPL cases. The distribution of values from samples
classified in ranges of 100 cells/mm?’. The relative frequency shows the
percentage of samples in the respective range.
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As previously reported by some experts, the endometrium of our
uRPL patients was characterized by cases with either low, normal, or
high uNK cell counts. These results reinforce the existence of a
favourable uNK cell concentration range in fertile women. Furthermore,
the occurrence of distinct phenotypes in uRPL patients with low and
high uNK cell counts indicates distinct pathogenic mechanisms.
Whether these alterations are intrinsic to endogenous immune
dysfunctions or are caused by exogenous factors (e.g.altered microbiota
and pathogens) remains to be elucidated.

Expansion of CD56* uNK cells occurs in inflammatory conditions
and immune reactions against bacterial components. The exact influence
of chronic endometritis on different subpopulations of endometrial
lymphocytes is not clear. Many researchers indicate that increased
number of uNK cells in inflamed endometrium, as well as the disturbed
ratio between immunoregulatory and cytotoxic uNK subpopulations
may cause the alterations in endometrial receptivity. Some researchers,
on the contrary, emphasize, that low uNK cell count is the reason for
that. This fact might be explained by slow, defective remodelling of
endometrium due to the reduced number of CD56+* uNK cells, which
play critical role in rejuvenation and normal immune receptivity of
endometrium.

In some earlier publications, <40 CD56* cells/mm? in the
endometrium was defined as cases with low numbers of uNK cells. In
the current study, based on a small cohort of fertile women as controls,
we did not observe less than 90 cells/mm?. Furthermore, uRPL
endometria with values below this limit had CD56/CD45, CD16/CD56,

or CD57/CD56 ratios different from controls. These data encourage us to
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propose a stricter cutoff at 90 cells/mm? to identify cases with low
numbers of uNK cells which should be validated in a larger number of
samples. Cutoff values may vary among different laboratories because of
different immunohistochemical protocols (e.g., antibodies, amplification

methods, and counting techniques).

CDI16 and CD57-Markers of cytotoxicity of uNK cells

Several reports have shown that uNK cell cytotoxicity may create

a hostile endometrial environment affecting embryo implantation and
placentation. Elevated levels of CD16+ and CD57+ cells were reported in
the endometrium of RPL patients, pointing to a magnified cytotoxic
potential of uNK cells in these conditions. Our findings complement
these previous studies by demonstrating that CD16* and CD57* cells
have different relative levels in the uRPL endometrium depending on
the concentration of CD56* uNK cells.

To evaluate the cytotoxic status in the endometrium, we
investigated simultaneously both markers in our samples. Furthermore,
a predominance of CD16+ cells over CD57* has been observed in uRPL
patients. Of note, some patients classified as having normal numbers of
uNK cells also present these cytotoxic markers upraised.

Control uRPL uRPL

(<30 cells/mm?) (<30 cells/mm?) (>30 cells/mm?)

. X Gl
\ - < ‘ 3 ’
B! : o Gl. =7

Fig 4 Immunohistolocalization of CD16'uNK in control (<30cells/mm?) and
uRPL subgroups (<30cells/mn?’ and >30cells/mn?). Scale bar = 100 um
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Eight out of ten control endometria (89%) contained <30 CD16*
cellsymm?. One control sample (11%) showed 64 cells/mm?, and the
inflamed one showed 178 CD16* cells/mm?. In uRPL cases, 15% showed
<30 cells/mm? and 85% had >30 cells/mm? (Fig.4. graf.3,e,f).
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Graf.3. Mean values (cells/mn?’)(e) and frequency distribution (f) of cell count
ranges for CD16 in controls and uRPL cases. The distribution of values from
samples classified in ranges of 10 cells/mm?. The relative frequency shows the
percentage of samples in the respective range. *** P<0.001.
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In our study the most statistically significant difference was
revealed in the distribution of CD16 marker, between uRPL and control

groups: by the distribution of mean values (p<0.001), as well as, by

frequency distributions (Chi? test=9,64; P<0.001) (Table 3).

Tabl.3. Frequency distributions of CD16 marker in uRPL and control groups

<30 cells/mm

>30 cells/mm

Total number

Controls 8 (89%) 2 (11%) 10 (100%)
uRPL 15 (15% 46 (85%) 61 (100%)
Total cases 23 48 71 (100%)

Elevated levels of CD16* and CD57+ cells were observed in ~40%
of the uRPL-CD56"°* subgroup. These results show that even cases with
reduced numbers of uNK cells may have heightened cytotoxic potential.
In the remaining 60%, CD16* cells were more numerous than CD56*
cells, demonstrating a shortage of CD56* uNK cells and the expression of
CD16 by CD56- NK or other immune cells. It is noteworthy to mention,
that in one case of our uRPL-CD56"" subgroup due to high count of
CD16* and CD57*cells, even in the absence of CE, patient had 14
spontaneous miscarriage.

In the control group, 56% had <30 CD57* cells/mm? and 44% had
>30 cells/mm?. uRPL patients presenting <30 cells/mm? encompassed
32% of cases, whereas those with >30 cells/mm? comprised 68% (p<
0.001; Fig.5, graf.3,g,h).
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Fig 5 Immunohistolocalization of CD57* uNKcells in control (<30 and >30
cellsymn?’) and uRPL cases (<30 and >30 cells/mm?’). Scale bar = 100 um

Differently from other subgroups, the uRPL-CD56" subgroup
presented a low proportion of CD57+ compared to CD56* cells. Since
CD57 is expressed by terminally differentiated cytotoxic NK cells this
result suggests impaired differentiation of such cells in some cases of
uRPL.

The expression of CD16, followed by CD57 (a terminally sulfated
glycan carbohydrate), designates the last stages of NK cell differentiation
and a robust cytotoxic potential. Impaired production of cytokines and
deregulated cytotoxicity are proposed mechanisms by which CD16* and
CD57+ uNK subpopulations generate an endometrial environment
incompatible with embryo development.

Although the expressions of CD16 and CD57 indicate the
cytotoxic potential of uNK cells, their effector functions are ultimately
determined by the repertoire of activating and inhibitory receptors
expressed at the cell surface, such as NKG2D, killer cell Ig-like receptors
(KIR), and natural cytotoxicity receptors (NCR).
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Graf.3. Mean values (cellsmn?)(g) and frequency distribution () of cell count
ranges for CD57 in controls and uRPL cases. The distribution of values from
samples classified in ranges of 10 cells/mn?. The relative frequency shows the
percentage of samples in the respective range.

To evaluate correlations between CD56+, CD16*, CD57+ uNK
subpopulations and CD45* leucocytes, according to the subgroups
(CD56%%, CD56™2l and CD56"8h) Spearman correlation (r) test was used
in uRPL and control groups (graf.4,a,c; graf.5,e,g).
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In order to characterize better the complex and dynamic
endometrial tissue, we used innovative parameters: instead of separate
immune markers, we determined the ratios between different
subpopulations of uNK cells (among them the ratio of CD16+ and CD57*
cells to the total uNK cell number), as well their ratios to total leucocyte

populations.

CD56/CD45 Correlation and Ratio

The concentration of CD45* leukocytes in the control group was

positively correlated with the number of CD56* cells (r =0.683; p<0.01).
In contrast, no correlations were detected in any uRPL subgroup: uRPL-
CD56"v (r=0.004; p=0.99), uRPL-CD56™a! (r=0.3; p=0.14), and uRPL-
CD56"e" (r=0.239; p=0.39).

Analysis of the CD56/CD45 ratio revealed that uNK cells
accounted for ~30-70% of all endometrial leukocytes in eight out of nine
control endometria. In one control sample, this value reached 85%. In
the uRPL-CD56MNem2! subgroup, 81% had similar CD56/CD45 ratios to
those of controls whereas a small fraction (19%) presented high CD45*
cell counts and very low CD56/CD45 ratios (p=0.5vs.control).

Differently, only 22% of cases from the uRPL-CD56"°% subgroup
had CD56/CD45 ratio values similar to that of controls. In the majority
of samples (78%), CD56/CD45 ratios were low, indicating that CD56*
ulNK cells were greatly outnumbered by total CD45* leukocytes (p<0.001

vs. control).
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Graf4. Correlation (a) and ratio (b)between CD56/CD45 markers.Distribution of
the CD56/CDA45 ratio (%) in the control and uRPL groups: each sample is
represented by a dot (black: controls; green: CD56°%; blue: CD56™™; and red:
CD56"#%). Box surrounds the control values; arrowhead shows a single outlier
control sample with signs of inflammation. Samples are classified in stepwise

ranges based on their ratios as indicated in the x axis.
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In the uRPL-CD56"! subgroup, 25% presented CD56/CD45 ratio
values within the control range and 12% had extremely high numbers of
CD45* leukocytes and, hence, diminished CD56/CD45 ratios. Most
endometria in the uRPL-CD56%8" subgroup (63%), however, had high
CD56/CD45 ratio values (p=0.05 vs. control), showing that elevated
CD45+ were due to excessive CD56* uNK cells (=95%).

CD56/CD45 ratio values of the uRPL subgroups were different
between each other (uURPL-CD56°" vs. uRPL-CD56Nea! p =0.005; uRPL-
CD56v vs. uRPL-CD56"s! groups p < 0.001; and uRPL-CD56Nmal s,
uRPL-CD56"s! p = 0.002; Graf.4,a,b).

CD16/CD56 Correlation and Ratio

The number of CD16* cells was not significantly correlated to the

CD56* cells in any of the analyzed groups: controls (r=0.126; p=0.75),
uRPL-CD56"v (r=0.361; p=0.14), uRPL-CD56 ™! (r=0.172; p=0.40), and
uRPL-CD56"eh (r=-0.211; p=0.45).

Analysis of the CD16/CD56 ratio demonstrated that the number of
CD16* cells was =5-25% of the concentration of CD56* cells in control
endometria. In the uRPL-CD56N™a subgroup, 59% had CD16/CD56
ratios similar to that of the control group. In 30% of cases from this
subgroup, the percentage of CD16* cells was increased, and in 11%, the
number of CD16* cells surpassed that of CD56* cells (p<0.001 vs.
control). In 28% of the uRPL-CD56"°% subgroup, CD16* cells were
elevated and in 56%, they exceeded CD56* cells. Only 6% of the uRPL-
CD56%" subgroup had CD16/CD56 ratios corresponding to the control (p
< 001 vs. control). The uRPL-CD56"s" subgroup displayed CD16/CD56

ratio values comparable to controls (p=0.92 vs. control).
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CD16/CD56 ratio values from the uRPL subgroups were different
from each other (uURPL-CD56"% vs. uRPL-CD56N™ p=0.002; uRPL-
CD56"" vs. uRPL-CD56"s" p<0.001; and uRPL-CD56Nemal vs. uRPL-
CD56"e! p<0.001) (Graf.4,c,d).
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Graf4. Correlation (c) and ratio (d)between CD16/CD56 markers.Distribution of
the CD16/CD56 ratio (%) in the control and uRPL groups: each sample is
represented by a dot (black: controls; green: CD56°%; blue: CD56™™%; and red:
CD56"8%). Box surrounds the control values; arrowhead shows a single outlier
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control sample with signs of inflammation. Samples are classified in stepwise
ranges based on their ratios as indicated in the x axis.

CD57/CD56 Correlation and Ratio
The number of CD57+ cells was not correlated with the

concentration of CD56* cells in the control (r=0.066; p=0.87) as well as
in the uRPL-CD56%" (r=0.070; p=0.78) and uRPL-CD56N™ groups
(r=0.112; p=0.59). The uRPL-CD56"s" group showed a negative
correlation between CD57* and CD56* cells (r=-0.514; p=0.04).

In order to identify differences between the control and uRPL
subgroups, the CD57/CD56 ratio values were classified as follows: <20%
(low), 21-60% (intermediate), and >60% (high). In the control group,
11% had low ratios of CD57+ cells, 67% had intermediate values, and
22% presented high ratios of CD57+ cells.

Compared to the control, the uRPL-CD56"% subgroup showed
17% of cases with intermediate and 63% with elevated CD57/CD56
ratios (p=0.03 vs. control).

The uRPL-CD56Nemal subgroup presented similar CD57/CD56
ratios to those of the control group (p= 0.84 vs. control). In the uRPL-
CD56sh subgroup, 75% showed low CD57/CD56 ratios whereas 25%
had intermediate values in relation to the control (p=0.02 vs. control).

The uRPL subgroups had distinct CD57/CD56 ratios between each
other (uURPL-CD56"" vs. uRPL-CD56Nemal p=0.003; uRPL-CD56" vs.
uRPL-CD56"sd  p<0.001; and uRPL-CD56Mma vs. uRPL-CD56"sh
p=0.003). (Graf.5,e,f).
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Graf'5, Correlation (e) and ratio (between CD57/CD56 markers.Distribution of
the CD57/CD56 ratio (%) in the control and uRPL groups: each sample Is
represented by a dot (black: controls; green: CD56°%; blue: CD56™™; and red:
CD56"#%). Box surrounds the control values; arrowhead shows a single outlier
control sample with signs of inflammation. Samples are classified in stepwise
ranges based on their ratios as indicated in the x axis.
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CDI16/CD57 Correlation and Ratio

No significant correlations were found between the number of
CD16* and CD57* cells in the control (r=-0.042; p=0.92), uRPL-CD56'"v
(r=0.384 p=0.12), uRPL-CD56Nm: (r=0.166 p=0.42), or uRPL-CD56"is"
groups (r=0.258 p=0.33).

Analysis of the CD16/CD57 ratio demonstrated a predominance of
CD57+ cells in 33% of control endometria (<100%). In 56%, the
CD16/CD57 ratio were slightly increased towards CD16* cells (100-
200%). One control endometrium (11%) showed a higher ratio of CD16*
than CD57+ cells (>200%).

The uRPL-CD56"" (p=0.14 vs.control), uRPL-CD56Ne™a! (p= 0.05
vs. control), and uRPL-CD56"¢" subgroups (p=0.01 vs. control) had
respectively 6, 4, and 0% of cases with ratios indicating more CD57+
than CD16* cells. The same subgroups presented 33, 42, and 25% of
samples with slightly increased numbers of CD16* cells compared to
CD57+ cells.

In 61% of uRPL-CD56%v, 54% of uRPL-CD56Nermal and 75% of
uRPL-CD56"sh subgroups CD16* cells outnumbered CD57+ cells to a
great extent.

No statistically significant differences were detected between the
CD16/CD57 ratios compared to the uRPL subgroups (uURPL-CD56°" vs.
uRPL-CD56Neml p=0.95; uRPL-CD56" vs.uRPL-CD56"s" p<0.30; and
uRPL-CD56Nermal ys. uRPL-CD56"e p=0.29) (Graf.5,g,h).
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Graf5. Correlation (g) and ratio (h)between CD16/CD57 markers. Distribution of
the CD16/CD57 ratio (%) in the control and uRPL groups: each sample is
represented by a dot (black: controls; green: CD56°%; blue: CD56™™; and red:
CD56"#%). Box surrounds the control values; arrowhead shows a single outlier
control sample with signs of inflammation. Samples are classified in stepwise
ranges based on their ratios as indicated in the x axis.
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Our data demonstrate a high diversity of immunophenotypes of
endometrial lymphocytes in uRPL women. The ratios between different
subpopulations of uNK cells and over total leucocytes, as well as
between highly cytotoxic subtypes, were differently expressed in uRPL
subgroups, depending on uNK cell concentration in the endometrium.
The endometrium of our investigated uRPL patients was characterized
by cases with low, normal or high uNK cell count.

Our results reinforce the existence of a favorable uNK cell
concentration range in fertile women. Furthermore, the occurrence of
distinct immunophenotypes in subgroups of uRPL patients with low,
normal and high uNK cell counts indicates distinct pathogenic
mechanisms. The results of our study highlight that not only the
numbers of uNK cells, but also the immunomodulatory/cytotoxic ratio
should be taken into consideration to assess the uRPL endometrium.

Better classification and more in-depth characterization of the
endometrial lymphocyte immunophenotypes in women with
unexplained recurrent pregnancy loss in larger populations, will help
researchers to find out more informative endometrial immune
parameters to predict the risk for subsequent miscarriage in uRPL
women and to define the specific cases for personalized
immunomodulatory treatment. That will facilitate the ending of the
groundless, empiric immune testing and treatments in above mentioned

group of women.
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Conclusions

Our results reinforce the link between unexplained recurrent
pregnancy loss and imbalance of immunophenotypes of different
subpopulations of endometrial limphocytes. The existence of
diversity of uNK immunophenotypes was revealed.

Combine analysis of CD16, CD45, CD56, CD57 markers by the
Immunohistochemistry has revealed that beyond the absolute
numbers of uNK cells there are more informative endometrial
immune parameters- the ratios between immunomodulatory
and cytotoxic subpopulations of uNK cells and their ratio over
the total endometrial leucocytes. This will enable us to evaluate
endometrial immune environment and identify possible
cytotoxic and pro-fertile immunophenotypes of endometrial
lymphocytes.

In uRPL group increased level of CD16* and CD57¢
subpopulations of uNK cells, with the prevalence of CD16*
(p<0.001), compared to the control group, indicate heightened
cytotoxicity of the endometrium. Therefore, CD16* might be
considered as the potential marker of cytotoxicity to predict the
risk for subsequent miscarriage in women with uRPL anamnesis.
The endometria in our uRPL group was characterized with wide
range of CD56*uNK cell count. Three subgroups were identified:
with low (CD56"%<90 cell/mm?), normal (CD56~™ 90-300
cell/mm?) and high (CD56"¢">300 cell/mm?)-concentrations.

In CD56% and CD56™™: subgroups, despite the relatively low
number of uNK cells, high proportion of cytotoxic CD16* and
CD57* subpopulations towards the CD56" was revealed.
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6. In control group there was statistically significant positive
correlation of CD56* uNK cell number with the CDA45*
leucocytes. In contrast to that, no correlation was observed
between these markers in uRPL group. Distinct distribution of
CD56/CD45 ratio in different subgroups of uRPL (depending on
ulNK cell concentrations), indicate on distinct pathophysiological
mechanisms in these subgroups.

7. By the immunohistochemical localisation of CD138 marker
between uRPL and control groups there was no statistically
significant difference, therefore the influence of chronic
endometritis on our investigated endometrial samples were

excluded.

Practical recommendations

» To assess the different subpopulations of endometrial uNK cells
in women with unexplained recurrent pregnancy loss by the
Immunohistochemistry, two subgroups should be separated with
the similar anamnesis and clinical symptoms, but with rather
different immune status (too low or too high uNK cell count)
and therefore with different needs of diagnostics and treatment
modalities.

> To evaluate the immune microenvironment in uRPL women,
not only separate absolute numbers of uNK cells should be
assessed, but also their certain ratios and immunophenotypes

(cytotoxic/pro-fertile) should be taken into consideration. That
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will help to assess the risk for subsequent miscarriage in uRPL
women and define the specific cases in this group for
individualized immunomodulatory treatment.

Detection of the endometrial CD138* plasma cells by the
Immunohistochemistry is the reliable specific/sensitive method
for diagnostics of chronic endometritis. The early diagnostics
and treatment of this pathological condition in the endometrium
will facilitate the prevention of unnecessary hysterectomies in
the group of gynaecological/reproductive disorders, which are
characterized with unspecific oligo-symptoms behind the

undiagnosed chronic endometritis.
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