Immune cell subset alterations identified by spectral cytometry in
APS patients
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2. Flow Cytometry and Cellular Immune Profiling

Spectral flow cytometry enables quantitative assessment of surface receptor expression and high-
dimensional mapping of immune cell subpopulations within PBMCs. Using 25 fluorescently labeled
surface markers, we identified major immune cell types and subpopulations.

(. Introduction

Antiphospholipid syndrome (APS) is a systemic autoimmune disorder characterized by the
presence of antiphospholipid antibodies (aPL). Its clinical manifestations include venous and
arterial thrombosis, recurrent pregnancy loss, and thrombocytopenia.
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[ll. Materials and Methods
We analyzed four study groups: Manual gating of CD4* and CD8* T-cell markers
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group. | |
Muitiplexing system (11 factor concentrations T naive rom @ren  Tey TEMRA T e
outles e 1 5l | B4 B | 8l By | E
Peripheral 0%0:% e 2 ] 2 A B R I 8 Ve 5 ] S 1 _eaaliy °
oo o EE e T [ = |, e { =59
Cytek Aurora Spectral Cytek® 25-color 2. Analysis of PBMC «, wrr wz _— . o war i = v
Cell Sorter immunoprofilingassay .  subpopulations N = o DT PDA " CD27 PD-1
o KTRL - : ] B
o~ ; e : A — [ 1 ’—‘1‘\\ N j ~ ’Zw’%\\ Iy .%;(/Z\’ 3
2 A P & - a S| 2 = o 7))\ e \ r’\éﬂj 4 e
% S - ) 1 it g . X i ) Q:// & jo. (.;S%j To STQ i’/
UMAPT 27 CD27 Cm;;D45RA ” M CDz; - CD27\ . _WT CD27ﬂ “ o
Eroteomic anatysis B CD27 CD127 = & = - CD27 CD127 T T
Labeling with a Mass Spectrum = = > o ) = St - — - - _ _
specific T 1 ="y - 1 A ki - L 1 I = 7 =
ture bound T ST ¥ BERES SR 51 ) SR R
t’c;::’a-"gnetic ° i 1“ = q | & 5 i“ ,; ‘ iw g i M}F @ ] io« : ';l". g ) t o
T-cell . § FT'CDZ‘; e Wﬂﬂcnz‘; o Wzﬁcozl 7 R o ' ""CDN T BRaramenarisran ——— - T
Negative selection e - e oY 3L
o —< CD4* T-cells CD4~* T-cells
B-cell RNA sequenCing - % 1::_ | o y '::_ 0.0025 : 1:2: E 1:2: E 100 ?EEL . R . 100- 0.0450 2 100?D4TEMRACD2?*PD1*
. g EL 8 Em
: m— st XA #mali@ ¢ N 'A = gél ij}& MYV

ogc0
M Ny < e S
331 b -
i mgk o=t 2 L. : 3 Q 3
“"-‘ ‘ KTRL APS| APSH APSIN K‘I[RL KTRL APS| APSII APSII ES T — T T . - y 1] I
. . . KTRL APS I
RNA isolation MACE-Seq Data analysis KTRL APS| APSIl APSIII KTRL APS| ARSI APSII APS| APSII APSII
N
oma CD4 TEM CD27*PD1"
CD4 TEM CD27-PDA1- CD4 T EMRA CD27 PD1 CD4 Naive CD27°PD1- CD4 TCM CD27°PD1-

= U= M- M MR e fof R
(V. Results '% 40 é’ @ §"° D) & n E 407 :3; “ Y % a0 (33 y § a0 | : E 404 E GD:
] gzu: i éi Ezz:s 52:-,@ 52:'I$ Ego_ ﬁé 3%20- ﬁ 520— %::-.' |
1 [} SOIUbIe Marker AnaIySIS KR ATSL Arsil AR S AL ARIARE KTéL AP;I AFIS“ AP;N R AL AmART S ,qIRL A, AI‘-'ISII APIS,“ O_KTRL APS.I APS-II APSI.II > KTRL APSI-APSII APS Il "o KTRL PSI || |||
Three soluble proteins — CCL4 (MIP-1B), CCL22 (MDC), and FLT-3L — showed significant CcD4* T-cells CD4* T-cells
alterations in APS patients compared with healthy controls. Although none of these proteins S p— YN p—— YR —
have previously been associated with APS, their biological roles suggest potential relevance to )] ] § , 2] = ) e S
disease pathogenesis. . . . £ 2 B . nf | § 9] 10 2 S
P 5 CCL4 is a proinflammatory chemokine involved ™ 3 'é é M A/ alA §ll8 & 1
CCL4 (MIP_1B) CCLZZ (M DC) In Va SCU a r In a m ma |On a n Im m u ne Ce KTRL APS| APSII APS Il KTRL APS| APSIl APSIIl APSII KTRL APS| APSII APSII KTRL APS| APS Il APSII XTRL 2P| ARSIl APEN KTRL APS| AbsII APSII
I = : I * = : mi g rat 10N CD4 Naive CD27°CD127° CD4 TCM CD27-CD127- CD4 TEM CD27-CD127- CD4 T EMRA CD27-CD127- cp4 Nalve coareDtar 100 TR e TEm coETeRTaT CP4T ENRA ChaTeDTaT
100- * % _ L 1 . . . v 100~ 0.0058 1o0- o075 100 00154 . . 100- g 100 . g ) oot 9 100 g 100+
- L b CCL22 acts as a Treg-recruiting chemokine, 3. 4] e HIE B w] e 3 o oo
E a0 : ] ] % 60 | g ol T 2 @ g o i % 60 E j:: _ E 60 £ o | |
Sl p Ao | capable of modulating autoimmune responses, il 9 Zi % @ l ; - é ? ‘ l gy EAR
§ 7 i {4.) 500+ % A bUt its Ove rexpreSSion Can exacerbate Vascu |ar SE U-KTR APS APSII APS Il ) “'_ﬁm. g ' KT .culz irs 1 Abs N § ' RL APS| IAPS||IAPS||| i " KTRL APS| | APS 1l ) D_KTRL APAFAPS"' ) " KTRL | || APS Il ’ 0 KTIRL m=:5| ;::;u AII’SIII
g 27 Y - inflammation and fibrosis.
1 1 I I b e + - + -
e f s PP FLT-3L regulates dendritic cell and Treg cb4 T-cells Cb4 T-cells
© >N ¢ A p ro I |fe ra t | on , | N ﬂ uenc | N g | mmune h omeo Sta S | S CD4 Naive CD27-CD38" CD4 TCM CD27-CD38* CD4 TEM CD27-CD38* CDAT EMRA CD27-CD38* ©D4 Naive CD27°CD38" CD4TCM CD27°CD38* CD4 TEM CD27*CD38"* CD4 T EMRA CD27"CD38"
. . . 9107 g 9100' - 3100_ 2" o I 3ﬂw 0035 _00] gwo-
k and autoimmune activity. / A I AR g . 2810 ? g B ] e S
%40 Y Ej:: e §40- Em- E ﬁ } %m- | E:: Ej:: Em e A i
3 ' o 2 0l ' S Lol - 2 : 8 3 8 5
) ) §20- \ é gzu-é gzzﬁésg? ézzé %20- ééé ;0';20- & 2 Ezo é
6Pr0teomlc anaIySIS \ O;TRL APS| APSII APSII 0- KIRL APSI APSI APSII KTRL APS1 APSII APSII ) OKTRLI APSI APSII APS I ’ KTRL APS| APSIl APSIII U_FM| oo KTRL | | APS I
Proteomic analysis identified 29 significantly differentially expressed proteins across study e cosromcorcoss I
groups. e AU “ g 3 e
B-cells SRSF4 ITGB2 H1-0 . g:ﬂ: | ] % EZ:: | am - :é ¥ '? ﬁ
L L Several  proteins  were KTM -V W b | N e Al s7l4ad@ 27 SR NAPY. £ =T A A G
g 300000 - L ° 5000000 ___ ** o 250000+ I+I Cha ra Cteristic Of Specific APS e KTRL APS1 APSII APSII KTRL APST ARSI ARSI KTRLAPST ApSTl APSII KTRL APS| APSII APSIII KTRL APS1 APS Il APSIII KTRL APSI APSII APSII KTRL APS| APSII APS I
"E E 4000000+ ! w § 200000+ Marker Function Expression Pattern Functional Status Marker Function Expression Pattern Functional Status
3 zoomo- i 2 3000000- 2 150000 subgroups, whereas others | - S o
& oo ! & o000 | & 100000- were distinctive of the co27 collactaion sndmamory | memony Teol ostn | CO27<moe (GO NAD" merabolsmand cel |0 o quescantmenan
% = : % | E | \ A . . . eve opment terminal effector cells ifferentiated/exhauste a esion
: o § 1ovo0ee A P § ™ 5 | asymptomatic seropositive e
= 0 T T T T 0-4 T T T 0 T T T T . . N Upregulated on activated T g _ — Key fDrTC?” survival, m(fmorchells; CD127* = functional, long-lived
P TEA E N N N & > NN Q rou Im I In that PD-1 Immune checkpoint; limits T cells especially under chronic PD-1* = recent activation or CD127 (IL.-7Ra) homeostasis and memory . _ '
ooé* ?gq’ ??G" v?"'o 00660 ??q, ?g?k vgia\ 00& vg’* vg"’ vg%\ g pl p y g . \ cell activation stimalatﬁjn or Zutoimmunity functional exhaustion maintenance S)‘;’:;eretgglizﬂ inTregsand | CD127" = exhausted, short-lived
T-cells GPI HBA1/HBA2 SEPTIN2 measurable immune \_ | 7
— ' * alterations might precede or
o 250000 L— = 1 o 1000004 L——1 o 1500000 s | d h f | ] |
] o 1 o
£ 20000 A £ s g predict the onset of clinica V Conclusions
= = S 1000000 . L
3 150000 3 60000+ 3 disease.
§ 1o0000- ! E\ _- A 8 aoo0o- B é ,_ Our findings emphasize that the key immunological hallmarks of APS include: B-cell dysregulation,
§ soooo] by 5oy Ll [ A 5 X) | aberrant helper T-cell activation, and T-cell exhaustion.
BN T L0 o RN These immune alterations likely underlie the persistent autoantibody production, chronic inflammation,
] & )

/\ & & A /\ and thrombotic tendency characteristic of APS.
The identification of immunophenotypic and proteomic marker profiles holds promise for:

Funding
This research was funded by the 2023-1.1.1-PIACI_FOKUSZ-2024-00036 (NKFIH), FK22-142877 (GS), grant from improving diagnostic accuracy, identifying prognostic factors, guiding personalized therapeutic

the National Research, Development, and Innovation Office. This work was supported by the Janos Bolyai Q&proaches, and potentially preventing thrombotic complications through early intervention. /
\Research Scholarship of the Hungarian Academy of Sciences BO/00582/22/8 (GS). Y.




