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ted pancytopenia (IRP) is characterized by autoantibody-mediated destruction or

emopoietic Clone Control; Tianjin Institute of

e marrow cells, leading to pancytopenia. This study aimed to explore the role of
icking protein particle complex subunit 4) as a key autoantigen in IRP, including epitope

ion and immune activation mechanisms.

nosed IRP patients, 25 IRP remission patients, 20 patients with control hematologic conditions (severe
aplastic anemia [SAA] and myelodysplastic syndrome [MDS]), and 15 healthy controls. TRAPPC4 was
identified using affinity screening with a phage random peptide library and confirmed with ELISPOT and
epitope prediction software. TRAPPC4 expression in bone marrow cells and serum antibody titers was

assessed via flow cytometry, ELISA, and real-time PCR. Immune cell profiling of peripheral blood



mononuclear cells (PBMNCs) was conducted using flow cytometry.

Results: TRAPPC4 was overexpressed on CD34+ bone marrow hematopoietic progenitor cells in newly
diagnosed IRP patients compared to remission patients, disease controls (SAA and MDS), and healthy
controls, with no significant differences observed in CD15+ granulocytes or CD235a+ nucleated red blood
cells. The epitope peptide YTADGKEVLEYLG activated Th2 cells, as confirmed by ELISPOT. Newly
diagnosed IRP patients exhibited elevated TRAPPC4 mRNA and protein levels in bone marrow

mononuclear cells and higher serum antibody titers compared with controls. Immune profiling revealed
increased CD19+ and CD5+CD19+ B lymphocytes in IRP patients.
Conclusion: TRAPPC4 was found as a key autoantigen in IRP, along with CD34+ cells as prima

[ targets
of autoantibody attacks. The identification of TRAPPC4 and its epitope provided insights i
pathogenesis and suggested potential diagnostic and therapeutic strategies.
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1 Introduction

emerged as a potential autoantigen [3]. This protet ¢ TRAPP complex, is critical for intracellular
transport within the Golgi apparatus, essential oietic cell function and bone marrow
homeostasis [4]. Dysregulated TRAPPC4 h

immune dysfunctions [5]. Autoantibodies ta

ncer, neurodegenerative disorders, and
PC4 may impair its function, triggering cell
dysfunction and destruction via co or macrophage phagocytosis, potentially linked to
Th2 cell imbalances [6,7].
Research conducted since 2000 1den PC4 as a candidate autoantigen in IRP through studies on
patients with unexplain topenia and positive BMMNC-Coombs tests [8,9]. IRP pathogenesis
involves T-lymphocyt increased Th2 cells, and elevated Th9 cells and IL-9, promoting

i 2]. TRAPPC4's role in vesicular trafficking, autophagy, and hematopoietic
gh the ERK-MAPK pathway, highlights its potential involvement in IRP

es against TRAPPC4 may impair hematopoietic progenitor cell function,

autoantibody prg

ymptoms and serving as diagnostic markers.
o investigate TRAPPC4's role in IRP and its correlation with disease severity. Identifying
ey autoantigen in IRP could enhance diagnostic precision and enable targeted therapies,

patient outcomes and reducing side effects associated with broad immunosuppressive

aterials and methods

.1 Patients
IRP is a hematologic condition caused by immune-mediated destruction or suppression of bone marrow
hematopoietic cells, resulting in cytopenias across one or more blood cell lineages. Diagnosis is based on

clinical, laboratory, and immunological findings, including evidence of autoantibodies or immune



abnormalities detected through assays. Criteria for IRP diagnosis included: (1) hemocytopenia or
pancytopenia with normal or elevated reticulocyte/neutrophil percentages; (2) bone marrow showing
normal or increased erythroid cells with visible erythroblastic islands; (3) exclusion of other
primary/secondary hemocytopenia causes; and (4) positive BMMNC-Coombs test or autoantibodies on BM

hematopoietic cells via flow cytometry (FCM). IRP was differentiated from severe aplastic anemia (SAA)

and myelodysplastic syndrome (MDS) by the presence of erythroblastic islands (absent in SAA), lack of
MDS-associated dysplastic changes, and immune markers unique to IRP. Other pancytopenia causes,
including infections, nutritional deficiencies, and drug-induced cytopenias, were excluded throug

clinical history, laboratory tests, and bone marrow evaluation to ensure diagnostic specificity.

Antibody Purification: Peripheral blood from 23
extract serum and antibodies via affinity chrom;
Peptide Library Screening: A phage-displ
bound by patient serum antibodies. Patient a ra were coupled with magnetic beads and
incubated with the library to isolate ree rounds of screening with increasingly stringent
washes were conducted to ensu
Positive Clone Identificati ing: Positive phage clones were identified using ELISA, and
rther amplification and purification.

2.3 Sterile Mononuc

PBMCs were isgQ ticoagulated whole blood, cultured in a serum-supplemented medium, and

-4 cytokine production in response to stimulation. Positive and negative control

ed to establish assay sensitivity and background levels. The experimental group was

otal RNA was extracted using the TTANGEN RNAprep Pure Kit, which includes DNase treatment to
remove genomic DNA and ensure RNA purity. Reverse transcription was carried out with the FastQuant RT
kit, which uses both oligo(dT) and random primers for efficient cDNA synthesis. The QF-PCR was
performed on a Bio-Rad iQ5 Real-Time system using SYBR Green dye to detect double-stranded DNA.



Primers for TRAPPC and GAPDH were synthesized by GENEWIZ. The PCR cycling program involved
initial denaturation at 95°C, followed by 45 cycles of denaturation, annealing, and extension. TRAPPC
mRNA levels were normalized to GAPDH and calculated using the 224 method.

2.6 Detection of TRAPPC4 Expression on Bone Marrow CD34+/CD235a+/CD15+ Cells by FCM:
1. FCM detected TRAPPC4 expression in CD34+, CD235a+, and CD15+ bone marrow cells.

Control tubes (negative and isotype) and experimental tubes were prepared. Cells were stained with

antibodies, processed with hemolysin, washed, and analyzed using CytoExpert software. Gating strategies
ensured accurate cell population identification.

2.7 Determination of CD5+ B Lymphocyte Ratio

1. The proportion of CD5+ B lymphocytes in bone marrow CD19+ cells was determified u:
Antibody-labeled samples were incubated, treated with lysate, and analyzed for co-express fCD19 and
CD5 markers.

2.8 Western blotting used for detection of TRAPPC4 protein level in BMM

Bone marrow samples were collected with heparin as an anticoagula

performed using the ECL method. Signals were_ i with an imaging system, and band intensity was

analyzed using ImageJ software. TRAPPC4 protein levels were normalized to GAPDH for comparative

analysis.

2.9 Detection of Serum TRAPPCA4 ELISA

Serum TRAPPC4 levels were treated IRP patients, 14 recovered IRP patients, and 5
healthy controls, determine e samiples. Blood samples (2 mL each) were collected, centrifuged
at 3000 rpm for 10 min e supernatants stored at -80°C for analysis. TRAPPC4 quantification
employed an ELISA kit wi ise procedure: plate washing, standard/sample addition, incubation,

biotin-labeled anti

cation used specific primers based on cDNA sequences. PCR products were

ASY™-E] vector and transformed into E. coli Trans1-T1 cells. Positive clones were

lony PCR and sequencing. For protein expression, plasmids were transformed into E. coli

, with IPTG induction at 1 mM. Cells were lysed, and proteins were purified using Ni-NTA

inity chromatography. Eluted proteins were analyzed by SDS-PAGE and Coomassie staining for purity,

validated by Western blotting. Refolding of purified proteins was performed in a urea gradient buffer at 4°C
or 12 hours per gradient step. Final protein concentrations were measured using the BCA assay.

2.11 Detection of TRAPPC4 Antibody in Bone Marrow Supernatant by ELISA

Bone marrow supernatants were analyzed using an ELISA protocol. Plates were coated with TRAPPC4

protein (2 pg/mL), incubated at 4°C overnight, washed with PBST, and blocked with 2% BSA. Diluted



serum samples (1:100) were added, incubated at 37°C for 1.5 hours, and detected with a secondary
antibody (1:2500) and TMB substrate. After stopping the reaction, absorbance was measured. The binding
index (BI) was calculated using the formula:

BI = (OD sample - OD blank) / (OD control - OD blank)

where, OD control represents the absorbance of mixed serum from eight randomly selected samples, and
OD blank corresponds to the absorbance of the blank control well.

2.12 Statistical Analysis

Statistical analysis was conducted using SPSS 24.0 software, with normally distributed data expre

mean + standard deviation. A t-test was used for two-group comparisons, with P < 0.05 consider

statistically significant. Graphs and figures were created using GraphPad Prism 8.0 softwa

3 Results
3.1 Screening TRAPPC4 epitope and synthesis of antigen peptide

Antibodies were obtained from eluents of 10 normal and 23 IRP-mix

suggesting it could be an antigenic epitope. Furthe
MHC-II, identifying YTADGKEVLEYLGNP

negative peptide.

peptide and LALEVAEKAGTFGPG as a

3.2 Verifying the effect of antigen peptides'on Th2 cells using IL4-ELISPOT

The positive peptide YTADGKEV S ntly stimulated IL-4 production in newly diagnosed
IRP patients, whereas the negatiye EVAEKAGTFGPG did not result in a significant increase
in IL-4 production (Figure

3.3 Detection of TRAP
FCM analysis showe

ession in bone marrow CD34+/CD235a+/CD15+ cells by FCM

percentages of pe

ved in TRAPPC4 expression on CD15+ or CD235a+ cells across the groups (P =
respectively). Additionally, no increase in TRAPPC4 positivity was found in CD235a+
ood cells (P = 0.23), suggesting TRAPPC4 dysregulation may be more relevant to

e hematopoietic progenitor cells, such as CD34+ cells, rather than terminally differentiated

#Detection of serum TRAPPC4 concentration by ELISA

erum TRAPPC4 levels were significantly higher in untreated IRP patients (0.87+0.44, n=22) compared
with recovered IRP patients (0.51+0.41, n=14) and normal controls (0.41+0.33, n=5) (P < 0.05). No
significant difference was observed between recovered IRP patients and normal controls (P = 0.19).
3.5 Detection of TRAPPC4 mRNA expression by FQ-PCR



TRAPPC4 mRNA expression was also significantly elevated in untreated IRP patients (0.79+0.87, n=15)
compared to recovered IRP patients (0.42+0.44, n=25) and normal controls (0.22+0.22, n=17) (P<0.05).
Additionally, recovered IRP patients exhibited significantly higher TRAPPC4 mRNA levels than normal
controls (P < 0.05).

3.6 Detection of TRAPPC4 protein in bone marrow mononuclear cells (BMMNC) by Western
blotting

Western blot analysis demonstrated that the expression level of TRAPPC4 in untreated IRP patients was

significantly higher than that in recovered IRP patients and normal controls (P < 0.05, Figure 2A).
3.7 Detection of B cells and CD5+ B cells by FCM

The proportion of CD19+ cells in PBMNCs was higher in the IRP untreated group (11.72 %
compared to the IRP recovered group (7.64+5.54%), MDS group (9.89+6.26%), and SAA

IRP

was also higher in the IRP untreated group (0.354+0.48%) compared ers, with a significant

difference only between the IRP untreated and recovered groups (P  significant differences
were found between the other groups. Supplementary Figu ults comparing IRP patients
and healthy controls.
3.8 Expression and purification of TRAPPC4 p n
The TRAPPC4 gene was amplified by PCR and.

were transformed into E. coli BL-21, identified by PCR,an

into the Peasy-E1 vector. Recombinant plasmids

quencing, and induced for expression using

IPTG. Fusion proteins were expressed, confi tern blot with an anti-histidine antibody, and

was 500 mM. The protein was rena py dialysis, and its concentration, measured using the BCA

method, was 622.5 pg/mL (Eigures

n anti-TRAPPC antibody levels between recovered IRP patients and normal
(Figure 2B).
PPC4 expression to IRP pathogenesis

RAPPC4 expression at the mRNA and protein levels in untreated IRP patients, along with

reased anti-TRAPPC4 antibody production, suggests its role as an autoantigen in autoimmune responses.

TRAPPC4 could contribute to Th2 cell activation and IL-4 production, as evidenced by ELISPOT assay.
hese findings position TRAPPC4 as a key molecular target, providing insights into the autoimmune

mechanisms of IRP and warranting further investigation into its role in disease progression.

4 Discussion:

This study identified trafficking protein particle complex subunit 4 (TRAPPC4) as a potential autoantigen



in IRP. Elevated TRAPPC4 expression was observed in bone marrow hematopoietic progenitor cells, serum,
and mononuclear cells of IRP patients compared to controls. TRAPPC4-specific antibodies and the
YTADGKEVLEYLG peptide epitope were shown to activate Th2 cells, confirming its immunogenicity and
involvement in IRP pathogenesis through autoantibody-mediated immune disruption [7,9,14].

IRP, an autoimmune-related form of idiopathic cytopenia of uncertain significance (ICUS) [13-15],

involves autoantibodies targeting CD34+ hematopoietic progenitor cells. Flow cytometry revealed

increased TRAPPC4 expression on these cells in newly diagnosed IRP patients compared to remission an
control groups, implicating early hematopoietic cells as primary targets [16,17]. Higher TRAPPC4
and protein levels in BMMNCs and elevated TRAPPC4-specific antibody titers in IRP patient se

further support its pathogenic role. However, no significant increase was noted in CD235atmuclea
blood cells, suggesting a focus on early progenitor cells.
TRAPPC4, a core subunit of the TRAPP complex, is critical for intracellular transp
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Figure 1. IL-4 ELISPOT analysis. The numbenof spots in experimental group 2 (PBMCs + peptide 2) was
significantly higher than that in the 0 1. However, there was no difference in the number
of spots in experimental group 1 ( tide1) compared with the negative control well.
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Figure 3. PCR amplification and cloning of TRAPPC4.(A) AGE result of the ORF encoding TRAPPC
amplified from the pTrilEx2-FTL p e : TTANGEN marker [; lane 1: ORF of TRAPPCA4.
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8 colonies randomly pic m the plate with the vector primer T7-F and the primer TRAPPC4-R,
lane 5-9 showed the f clones. (D) Sequencing of the plasmid DNA extracted from the
forward positive 7 promoter and T7 terminator primer. (E) BLAST result showed DNA

and the expression vector p

sequences coi i of TRAPPC4 completely.
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Figure 4. Expression and purification of T
BL21 (DE3) cells and the pEASY-E1-TRAP
marker; lane 1: The supernatant of

PC4. (
inE.c

'AGE analysis of the pEASY-E1 in E.coli
BL21(DE3) cells. Lane M: protein molecular
E.coli BL21(DE3) cells; lane 2: The precipitation
of empty pEASY-E1 in E.coli BL2 cells; lane 3: The supernatant of pPEASY-E1-TRAPPC4 in E.coli
BL21(DE3) cells; lane 4: T ecipitati EASY-EI-TRAPPC4 in E.coli BL21(DE3) cells.

Recombinant TRAPPC C4) was expressed as insoluble proteins and accumulated in inclusion

marker; lane149: purifie PC4 eluted with 40,62.5,80,100,125,160,200,250 and 500 mM of
i ili buffer (pH 8.0) respectively. Purified -TRAPPC4 eluted with 500 mM of
ack arrow) had relatively higher purity compared with others and 500 mM was
timum concentration. (C) SDS-PAGE analysis of purified -TRAPPC4. A total of three
C samples were initially loaded (lanes 1 and 3), and sample 2 is the one that was
selected for subsequent experiments, due to its relatively higher purity, compared with samples 1
d 3 (the black arrow points to the target protein rTRAPPC4). (D) WB analysis of recombinant
-TRAPPC protein before purification (black arrow). (E) WB analysis of purified recombinant
IS-TRAPPCH4 protein (lane 1, black arrow). The other two proteins loaded in other lanes are not relevant
to the present study.
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Supplementary Figure 1: Illustrating FCM results between IRP patients and healthy controls.

igure Sla: CD15 Control
Panel A (Top Left): FSC-A vs. SSC-A (All Events): This scatter plot shows the distribution of all events
based on forward scatter (FSC-A) and side scatter (SSC-A), which represent cell size and granularity,

respectively. The gated population, labeled "P1," which accounts for 30.59% of the total events, is shown



within a magenta contour.

Panel B (Top Right): CD15 FITC-A vs. SSC-A (P1 Gated): After gating on the P1 population, this plot
shows CD15 expression (FITC-A) on the x-axis versus side scatter (SSC-A) on the y-axis. A rectangular
gate, labeled "P2" (98.04%), isolates the population of CD15-positive cells.

Panel C (Bottom Left): CD15 FITC-A vs. TRAPPC4 PE-A (P2 Gated): This plot presents CD15 expression
(FITC-A) against TRAPPC4 fluorescence (PE-A) for the P2 gated population. Events are quadranted to
identify distinct populations. Q1-LR (99.64%) represents cells that are CD15-positive and

TRAPPC4-negative, while Q1-UR (0.36%) corresponds to a small subset of cells co-expressing b

markers.

Panel D (Bottom Right): CD15 FITC-A vs. FTL PerCP-A (P2 Gated): In this plot, CD15 expressi
e

(FITC-A) is shown against FTL fluorescence (PerCP-A) for the P2 gated population. The ity of
events fall in Q2-LR (99.74%), which corresponds to cells that are CD15-positive e. A

small population (Q2-UR, 0.26%) represents cells that co-express both markers.

N
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el A (Top Left): FSC-A vs. SSC-A (All Events): This scatter plot shows the distribution of all events

based on forward scatter (FSC-A) and side scatter (SSC-A), indicating cell size and granularity. The gated
opulation, labeled "P1," comprises 57.76% of the total events.

Panel B (Top Right): CD15 FITC-A vs. SSC-A (P1 Gated): This plot shows CD15 expression (FITC-A) on

the x-axis versus side scatter (SSC-A) on the y-axis for the P1 gated population. The gate "P2" (98.45%)

isolates the CD15-positive population.



Panel C (Bottom Left): CD15 FITC-A vs. TRAPPC4 PE-A (P2 Gated): This plot presents CD15 expression
(FITC-A) against TRAPPC4 fluorescence (PE-A) for the P2 gated population. Quadrant analysis shows
QI-LR (99.48%) with high CD15 and low TRAPPC4 expression, and Q1-UR (0.52%) as a minor
population expressing both markers.

Panel D (Bottom Right): CD15 FITC-A vs. FTL PerCP-A (P2 Gated): In this plot, CD15 expression
(FITC-A) is shown against FTL fluorescence (PerCP-A) for the P2 gated population. The majority of
events fall in Q2-LR (99.36%) with high CD15 and low FTL expression, while Q2-UR (0.64%) represent;

a small population co-expressing both markers.
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Figure Legend for S1c: CD34 Control

Panel A (Top Left): FSC-A vs. SSC-A (All Events): This scatter plot shows the distribution of all events
based on forward scatter (FSC-A) and side scatter (SSC-A), indicating cell size and granularity. The gated
population "P1" (52.01%) is highlighted within the magenta contour.

Panel B (Top Right): CD34 FITC-A vs. SSC-A (P1 Gated): This plot shows CD34 expression (FITC-A) on
the x-axis versus side scatter (SSC-A) on the y-axis for the P1 gated population. The "P2" gate (0.49%)

isolates CD34-positive cells.
Panel C (Bottom Left): CD34 FITC-A vs. TRAPPC4 PE-A (P2 Gated): This plot presents CD34 ¢ y
(FITC-A) on the x-axis and TRAPPC4 fluorescence (PE-A) on the y-axis for the P2 gated populs

Quadrant analysis shows that Q1-LR (98.90%) represents cells that are CD34-positive an
TRAPPC4-negative, while Q1-UR (1.10%) represents a small co-expressing population.

Panel D (Bottom Right): CD34 FITC-A vs. FTL PerCP-A (P2 Gated): This plot shg
(FITC-A) against FTL fluorescence (PerCP-A) for the P2 gated population. The
Q2-LR (98.90%) with high CD34 and low FTL expression, and Q2-l4R (1.10%) ind

population co-expressing both markers.

N
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34 IRP
op Left): FSC-A vs. SSC-A (All Events): This scatter plot shows the distribution of all events
ed on forward scatter (FSC-A) and side scatter (SSC-A), indicating cell size and granularity. The gated
population, labeled "P1," comprises 38.85% of the total events.
anel B (Top Right): CD34 FITC-A vs. SSC-A (P1 Gated): This plot shows CD34 expression (FITC-A) on
the x-axis versus side scatter (SSC-A) on the y-axis for the P1 gated population. The gate "P2" (0.25%)

isolates the CD34-positive population.
Panel C (Bottom Left): CD34 FITC-A vs. TRAPPC4 PE-A (P2 Gated): This plot presents CD34 expression



(FITC-A) against TRAPPC4 fluorescence (PE-A) for the P2 gated population. Quadrant analysis shows
QI-LR (90.00%) with high CD34 and low TRAPPC4 expression, and Q1-UR (10.00%) as a minor
population expressing both markers.

Panel D (Bottom Right): CD34 FITC-A vs. FTL PerCP-A (P2 Gated): In this plot, CD34 expression
(FITC-A) is shown against FTL fluorescence (PerCP-A) for the P2 gated population. The majority of
events fall in Q2-LR (87.00%) with high CD34 and low FTL expression, while Q2-UR (13.00%) represen

a small population co-expressing both markers.
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Figure Sle: CD235 Control
Panel A (Top Left): FSC-A vs. SSC-A (All Events): This scatter plot shows the distribution of all events



based on forward scatter (FSC-A) and side scatter (SSC-A), which represent cell size and granularity,
respectively. The gated population, labeled "P1," which accounts for 15.89% of the total events, is shown
within a magenta contour.

Panel B (Top Right): CD235 FITC-A vs. SSC-A (P1 Gated): After gating on the P1 population, this plot
shows CD235 expression (FITC-A) on the x-axis versus side scatter (SSC-A) on the y-axis. A rectangular
gate, labeled "P2" (2.48%)), isolates the population of CD235-positive cells.

Panel C (Bottom Left): CD235 FITC-A vs. TRAPPC4 PE-A (P2 Gated): This plot presents CD235
expression (FITC-A) against TRAPPC4 fluorescence (PE-A) for the P2 gated population. Events a
quadranted to identify distinct populations. Q1-LR (98.84%) represents cells that are CD235-pos

markers.
Panel D (Bottom Right): CD235 FITC-A vs. FTL PerCP-A (P2 Gated): In this plo
(FITC-A) is shown against FTL fluorescence (PerCP-A) for the P2 gated populat
events fall in Q2-LR (100.00%), which corresponds to cells that are
small population (Q2-UR, 0.00%) represents cells that co-express bot
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el A (Top Left): FSC-A vs. SSC-A (All Events): This scatter plot shows the distribution of all events

based on forward scatter (FSC-A) and side scatter (SSC-A), indicating cell size and granularity. The gated
opulation, labeled "P1," comprises 26.01% of the total events.

Panel B (Top Right): CD235 FITC-A vs. SSC-A (P1 Gated): This plot shows CD235 expression (FITC-A)

on the x-axis versus side scatter (SSC-A) on the y-axis for the P1 gated population. The gate "P2" (3.70%)

isolates the CD235-positive population.




Panel C (Bottom Left): CD235 FITC-A vs. TRAPPC4 PE-A (P2 Gated): This plot presents CD235
expression (FITC-A) against TRAPPC4 fluorescence (PE-A) for the P2 gated population. Quadrant
analysis shows QI-LR (97.68%) with high CD235 and low TRAPPC4 expression, and Q1-UR (2.32%) as a
minor population expressing both markers.

Panel D (Bottom Right): CD235 FITC-A vs. FTL PerCP-A (P2 Gated): In this plot, CD235 expression
(FITC-A) is shown against FTL fluorescence (PerCP-A) for the P2 gated population. The majority of
events fall in Q2-LR (97.02%) with high CD235 and low FTL expression, while Q2-UR (2.98%) represen

a small population co-expressing both markers. O
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