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Objective: Immune-related pancytopenia (IRP) is characterized by
autoantibody-mediated destruction or suppression of bone marrow
cells, leading to pancytopenia. This study aimed to explore the role
of trafficking protein particle complex subunit 4 (TRAPPC4) as a key
autoantigen in IRP, including epitope identification and immune
activation mechanisms.

Materials and Methods: A total of 90 participants were included in
the study, divided into four groups: 30 newly diagnosed IRP patients,
25 patients with IRP in remission, 20 patients with other hematological
conditions (severe aplastic anemia [SAA] and myelodysplastic
syndrome [MDS]) as a patient control group, and 15 healthy individuals
as a healthy control group. TRAPPC4 was identified using affinity
screening with a phage-display 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 assay, and real-time polymerase chain reaction.
Immune cell profiling of peripheral blood mononuclear cells was
conducted using flow cytometry.

Results: TRAPPC4 was overexpressed in the CD34+ bone marrow
hematopoietic progenitor cells of newly diagnosed IRP patients
compared to patients in remission, the patient control group (SAA and
MDS), and the healthy control group, with no significant differences
observed for 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 to controls. Immune

Amac: immiin iliskili pansitopeni (IRP), kemik iligi hiicrelerinin
otoantikor aracili yikimi veya baskilanmasi ile karakterize olup
pansitopeniye yol acar. Bu calisma, epitop tanimlama ve immiin
aktivasyon mekanizmalari da dahil olmak (izere, IRP'de anahtar bir
otoantijen olarak 'trafficking protein particle complex subunit 4'lin
(TRAPPC4)' roliinii arastirmayi amaclamistir.

Gerec ve Yontemler: Calismaya dort gruba ayrilan toplam 90 katilimei
dahil edilmistir: Yeni tani konmus 30 IRP hastasi, remisyondaki 25
IRP hastasi, hasta kontrol grubu olarak diger hematolojik durumlar
olan 20 hasta (agir aplastik anemi [SAA] ve miyelodisplastik sendrom
[MDS]) ve saglikh kontrol grubu olarak 15 saglikli birey TRAPPC4, bir
faj-goriinti rastgele peptid kiitliphanesi ile afinite tarama kullanilarak
tanimlanmis ve ELISPOT ve epitop tahmin yazilimi ile dogrulanmistir.
Kemik iligi hiicrelerindeki TRAPPC4 ifadesi ve serum antikor titreleri
akimsitometri, ELISA testi ve gercek zamanli polimeraz zincir reaksiyonu
ile degerlendirilmistir. Periferik kan mononiikleer hicrelerinin immiin
hiicre profili akim sitometri kullanilarak gerceklestirilmistir.

Bulgular: TRAPPC4, yeni tani konmus IRP hastalarinin CD34+ kemik
iligi hematopoetik progenitdr hiicrelerinde remisyondaki hastalara,
hasta kontrol grubuna (SAA ve MDS) ve saghkli kontrol grubuna
kiyasla asiri ifade edilirken, CD15+ graniilositler veya CD235a+
cekirdekli kirmizi kan hiicreleri icin anlamli bir fark gézlenmemistir.
YTADGKEVLEYLG epitop peptidi, ELISPOT ile dogrulandigr lizere Th2
hiicrelerini aktive etmistir. Yeni tani konulan IRP hastalarinda kemik
iligi mononiikleer hiicrelerinde yiiksek TRAPPC4 mRNA ve protein
seviyeleri ve kontrollere kiyasla daha yiliksek serum antikor titreleri
gbriilmistiir. immiin profilde IRP hastalarinda artmis CD19+ ve
CD5+CD19+ B lenfositleri gdsterilmistir.
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profiling revealed increased CD19+ and CD5+CD19+ B lymphocytes
in IRP patients.

Conclusion: TRAPPC4 was found to be a key autoantigen in IRP
along with CD34+ cells as primary targets of autoantibody attacks.
The identification of TRAPPC4 and its epitope provides insights into
IRP pathogenesis and suggests potential diagnostic and therapeutic
strategies.

Keywords: TRAPPC4, Cytopenia, Autoantigen, Autoantibody, Immune-
related

Sonuc: TRAPPC4, otoantikor ataklarinin birincil hedefi olarak CD34+
hiicreleri ile birlikte IRP'de dnemli bir otoantijen olarak bulunmustur.
TRAPPC4 ve epitopunun tanimlanmasi IRP patogenezine isik tutmakta
ve potansiyel tani ve tedavi stratejileri dnermektedir.

Anahtar Sozciikler: TRAPPC4, Sitopeni, Otoantijen, Otoantikor,
immiin iliskili

Introduction

Autoimmune diseases targeting the bone marrow, such as
immune-related pancytopenia (IRP), lead to severe conditions
like pancytopenia due to immune-mediated destruction of bone
marrow cells. Despite advancements in research, the specific
autoantigens involved in IRP remain unidentified, limiting the
development of targeted therapies [1,2]. Trafficking protein
particle complex subunit 4 (TRAPPC4) has emerged as a potential
autoantigen [3]. This protein, part of the TRAPP complex, is
critical for intracellular transport within the Golgi apparatus,
essential for hematopoietic cell function and bone marrow
homeostasis [4]. Dysrequlated TRAPPC4 has been linked to
cancer, neurodegenerative disorders, and immune dysfunctions
[5]. Autoantibodies targeting TRAPPC4 may impair its function,
triggering cell dysfunction and destruction via complement
activation or macrophage phagocytosis, potentially linked to
Th2 cell imbalances [6,7].

Research conducted since 2000 has identified TRAPPC4 as
a candidate autoantigen in IRP through studies of patients
with unexplained hemocytopenia and positive bone marrow
mononuclear cell (BMMNC) Coombs test results [8,9]. The
pathogenesis of IRP involves T-lymphocyte dysregulation and
increased levels of Th2 cells, Th9 cells, and interleukin (IL)-9,
promoting autoantibody production [10,11,12]. TRAPPC4's
role in vesicular trafficking, autophagy, and hematopoietic
cell signaling, particularly through the ERK-MAPK pathway,
highlights its potential involvement in IRP pathogenesis.
Autoantibodies against TRAPPC4 may impair hematopoietic
progenitor cell function, contributing to disease symptoms and
allowing them to serve as diagnostic markers.

This study aimed to investigate TRAPPC4's role in IRP and its
correlation with disease severity. Identifying TRAPPC4 as a key
autoantigenin IRP could enhance diagnostic precision and enable
targeted therapies, improving patient outcomes and reducing
the side effects associated with broad immunosuppressive
treatments.
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Materials and Methods
Patients

IRP is a hematological condition caused by immune-mediated
destruction or suppression of bone marrow hematopoietic
cells, resulting in cytopenia across one or more blood cell
lineages. The diagnosis is based on clinical, laboratory, and
immunological findings, including evidence of autoantibodies
or immune abnormalities detected through assays. The criteria
for IRP diagnosis include the following: 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 causes of primary/secondary hemocytopenia; and
4) positive BMMNC Coombs test results or autoantibodies
on bone marrow hematopoietic cells via flow cytometry
(FCM). IRP is differentiated from severe aplastic anemia
(SAA) and myelodysplastic syndrome (MDS) by the presence
of erythroblastic islands (absent in SAA), the lack of MDS-
associated dysplastic changes, and immune markers unique
to IRP. Other causes of pancytopenia, including infections,
nutritional deficiencies, and drug-induced cytopenia, were
excluded in this study based on detailed clinical history,
laboratory tests, and bone marrow evaluations to ensure
diagnostic specificity.

Participants were divided into four groups, including an
untreated IRP group (30 newly diagnosed untreated patients), an
IRP remission group (25 patients in remission or with significant
improvement), a patient control group (20 patients, including
10 with SAA and 10 with MDS, for comparative analysis), and
a healthy control group (15 age- and sex-matched individuals
without hematological disorders).

The inclusion of a patient control group helped distinguish
IRP-specific immunological features from conditions with
overlapping clinical presentations. A total of 90 participants,
all inpatients from February 2019 to May 2020, were enrolled,
although sample availability affected the assay counts. The study
was approved by the Tianjin Medical University General Hospital
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Ethics Committee (approval no: 20160301, date: March 3, 2016)
and informed consent was obtained from all participants.

Screening of the TRAPPC4 Epitope and Synthesis of the Antigen
Peptide

In antibody purification, peripheral blood from 23 IRP
patients and 10 healthy controls was processed to extract
serum and antibodies via affinity chromatography.
In peptide library screening, a phage-display random peptide
library was used to identify TRAPPC4 epitopes bound by patient
serum antibodies. Patient and control sera were coupled with
magnetic beads and incubated with the assistance of the library
to isolate specific epitopes. Three rounds of screening with
increasinglystringentwasheswereconducted toensurespecificity.
For positive clone identification and sequencing, positive phage
clones were identified using an enzyme-linked immunosorbent
assay (ELISA) and sequences were determined after further
amplification and purification.

Sterile Mononuclear Cell Culture

Peripheral blood mononuclear cells (PBMNCs) were isolated from
anticoagulated whole blood, cultured in a serum-supplemented
medium, and prepared for downstream applications, including
the IL-4 ELISPOT assay.

IL-4 ELISPOT

This assay was used to evaluate IL-4 cytokine production in
response to stimulation. Positive and negative control groups
were included to establish assay sensitivity and background
levels. Samples from the experimental groups were stimulated
with specific negative control peptides. After incubation,
cytokine spots were visualized and quantified.

Detection of TRAPPC4 mRNA Levels by Fluorescence Quantitative
Polymerase Chain Reaction (FQ-PCR)

Total RNA was extracted using the RNAprep Pure Kit (Tiangen
Biotech, Beijing, China), which includes DNase treatment to
remove genomic DNA and ensure RNA purity. Reverse transcription
was carried out with the FastQuant RT Kit (Tiangen Biotech),
which uses both oligo(dT) and random primers for efficient cDNA
synthesis. FQ-PCR was performed on the iQ5 Real-Time System
using SYBR Green dye to detect double-stranded DNA (Bio-
Rad, Hercules, CA, USA). Primers for TRAPPC4 and GAPDH were
synthesized by GENEWIZ (Suzhou, China). The PCR cycling program
involved initial denaturation at 95 °C, followed by 45 cycles of
denaturation, annealing, and extension. TRAPPC4 mRNA levels
were normalized to GAPDH and calculated using the 222 method.

Detection of TRAPPC4 Expression in Bone Marrow CD34+/
CD235a+/CD15+ Cells by FCM

FCM was used to detect 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 CytExpert software (Beckman Coulter, Brea, CA,
USA). Gating strategies were applied to ensure accurate cell
population identification.

Determination of CD5+ B Lymphocyte Ratio

The proportion of CD5+ B lymphocytes in bone marrow CD19+
cells was determined using FCM. Antibody-labeled samples were
incubated, treated with lysate, and analyzed for co-expression
of CD19 and CD5 markers.

Western Blotting for Detection of TRAPPC4 Protein Levels in
BMMNCs

Bone marrow samples were collected with heparin as an
anticoagulant and BMMNCs were isolated using density gradient
centrifugation. Proteins were extracted by lysing cells with RIPA
buffer containing protease inhibitors, and their concentrations
were measured using the bicinchoninic acid (BCA) protein assay
as a colorimetric method detecting protein concentrations
via absorbance at 562 nm. Equal amounts of protein (20-30
ug) were separated by sodium dodecyl-sulfate polyacrylamide
gel electrophoresis (SDS-PAGE), transferred to polyvinylidene
fluoride membranes, blocked with 5% milk in TBS-T solution,
and incubated with primary antibodies against TRAPPC4 and
GAPDH (loading control) overnight at 4 °C. After washing,
membranes were incubated with HRP-conjugated secondary
antibodies and protein detection was performed using the
enhanced chemiluminescence method. Signals were visualized
with an imaging system and band intensity was analyzed using
ImageJ software (National Institutes of Health, Bethesda, MD,
USA). TRAPPC4 protein levels were normalized to GAPDH for
comparative analysis.

Detection of Serum TRAPPC4 Concentration by ELISA

Serum TRAPPC4 levels were measured for 22 untreated IRP
patients, 14 patients with IRP in remission, and 5 healthy
controls, with these numbers determined by sample availability.
Blood samples of 2 mL each were collected and centrifuged
at 3000 rpm for 10 min, and the supernatants were stored at
-80 °C for analysis. TRAPPC4 quantification was performed
with an ELISA kit using a stepwise procedure that included
plate washing, standard/sample addition, incubation, biotin-
labeled antibody addition, and further incubation with SABC
solution. Following substrate addition and reaction termination,
absorbance was measured using a plate reader.

Expression and Purification of Recombinant TRAPPC4 Protein

TRAPPC4 gene amplification was performed with specific
primers based on cDNA sequences. PCR products were inserted
into the pEASY-E1 vector (TransGen Biotech, Beijing, China) and
transformed into Escherichia coli Trans1-T1 cells. Positive clones
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were confirmed via colony PCR and sequencing. For protein
expression, plasmids were transformed into E. coli BL21 cells,
with induction by isopropyl -D-1-thiogalactopyranoside (IPTG)
at 1 mM. Cells were lysed and proteins were purified using Ni-
NTA affinity chromatography. Eluted proteins were analyzed
by SDS-PAGE and Coomassie staining for purity and then
validated by western blotting. Refolding of purified proteins
was performed in a urea gradient buffer at 4 °C for 12 h per
gradient step. Final protein concentrations were measured using
the BCA assay.

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 ug/
ml), incubated at 4 °C overnight, washed with phosphate
buffered saline with Tween 20, and blocked with 2% bovine
serum albumin. Diluted serum samples (1:100) were added,
and these mixtures were incubated at 37 °C for 1.5 h and
then evaluated with a secondary antibody (1:2500) and
3,3',5,5'-tetramethylbenzidine substrate. After stopping the
reaction, absorbance was measured. The binding index (BI) was
calculated using the following formula: Bl = (OD sample - OD
blank) / (OD control - OD blank). In this formula, “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.

Statistical Analysis

Statistical analysis was conducted using IBM SPSS Statistics
24.0 (IBM Corp., Armonk, NY, USA), with normally distributed
data expressed as values of mean + standard deviation. A t-test
was used for two-group comparisons with p<0.05 considered
statistically significant. Graphs and figures were created using
GraphPad Prism 8.0 software (GraphPad Software Inc., La Jolla,
CA, USA).

Results

Screening of the TRAPPC4 Epitope and Synthesis of the Antigen
Peptide

Antibodies were obtained from eluents of 10 normal and 23
IRP-mixed serum samples after protein G purification. Following

(00

Negative Background
Control  Control

Positive Control

Experimental group 1

three rounds of screening, eluting phage titers increased,
indicating enrichment. ELISA was used for detection and 10
clones were selected based on recognition by patient antibodies
but not by normal antibodies. These clones were sequenced,
revealing four peptides: WSLGYTG, TIYTTWQ, WSLGYTR, and
YTTTLTY. These peptides contained the YT sequence, with two
also containing LG. Alignment with TRAPPC4's amino acid
sequence highlighted the YTADGKEVLEYLG peptide, suggesting
that it could be an antigenic epitope. Further analysis using
the Immune Epitope Database predicted antigenic binding to
major histocompatibility complex class [l molecules, identifying
YTADGKEVLEYLGNP as a positive peptide and LALEVAEKAGTFGPG
as a negative peptide.

Verifying the Effect of Antigen Peptides on Th2 Cells Using IL-4
ELISPOT Assay

The positive peptide YTADGKEVLEYLGNP significantly stimulated
IL-4 production in newly diagnosed IRP patients, whereas
the negative peptide LALEVAEKAGTFGPG did not result in a
significant increase in IL-4 production (Figure 1).

Detection of TRAPPC4 Expression in Bone Marrow CD34+/
CD235a+/CD15+ Cells by FCM

FCM analysis showed varying TRAPPC4 expression levels across
cell types and patient groups, reported as percentages of positive
cells. TRAPPC4 expression was significantly higher in CD34+
cells from the untreated IRP group (11.74+2.16%) compared to
the group of IRP patients in remission (1.01+1.18%), the patient
control group (5.24+3.69%), and the healthy control group
(0.63+0.91%) (p<0.05). However, no significant differences
were observed in TRAPPC4 expression in CD15+ or CD235a+
cells across the groups (p=0.15 and p=0.17, respectively).
Furthermore, no increase in TRAPPC4 positivity was found in
CD235a+ nucleated red blood cells (p=0.23), suggesting that
TRAPPC4 dysregulation may be more relevant to early-stage
hematopoietic progenitor cells, such as CD34+ cells, rather than
terminally differentiated erythroid cells.

Detection of Serum TRAPPC4 Concentration by ELISA

Serum TRAPPC4 levels were significantly higher in untreated
IRP patients (0.87+0.44, n=22) compared to IRP patients in
remission (0.51+0.41, n=14) and healthy controls (0.41+0.33,

.!.

Experimental group 2

Figure 1. Results of IL-4 ELISPOT assay analysis. The number of spots in experimental group 2 (peripheral blood mononuclear cells +
peptide 2) was significantly higher than that in the negative control well. However, there was no difference in the number of spots in
experimental group 1 (peripheral blood mononuclear cells + peptide 1) compared to the negative control well.
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n=5) (p<0.05). No significant difference was observed between
the IRP patients in remission and healthy controls (p=0.19).

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 IRP
patients in remission (0.42+0.44, n=25) and healthy controls
(0.2240.22, n=17) (p<0.05). Additionally, IRP patients in
remission had significantly higher TRAPPC4 mRNA levels than
the healthy control group (p<0.05).

Detection of TRAPPC4 Protein in BMMNCs by Western Blotting

Western blot analysis demonstrated that the expression level of
TRAPPC4 in untreated IRP patients was significantly higher than
that in IRP patients in remission or healthy controls (p<0.05)
(Figure 2A).

Detection of B-Cells and CD5+ B-Cells by FCM

The proportion of CD19+ cells in PBMNCs was higher in the
untreated IRP group (11.72+7.79%) compared to the group

of IRP patients in remission (7.64+5.54%), MDS patients
(9.89+6.26%), and SAA patients (10.43+7.48%). A statistically
significant difference was found only between the untreated
IRP group and the IRP remission group (p=0.0033). Similarly,
the proportion of CD5+CD19+/CD19+ cells was higher in
the untreated IRP group (2.23+2.39%) than in the other
groups, with significant differences observed only between
the untreated IRP patients and the IRP patients in remission
(p=0.0063). The proportion of CD5+CD19+ in PBMNCs was also
higher in the untreated IRP group (0.35+0.48%) compared to
the other groups, although a significant difference was only
observed between the untreated IRP group and the IRP patients
in remission (p=0.0050). No significant differences were found
between other groups. Supplementary Figure 1 shows FCM
results comparing IRP patients and healthy controls.

Expression and Purification of the TRAPPC4 Protein

The TRAPPC4 gene was amplified by PCR and inserted into the
pEASY-E1 vector. Recombinant plasmids were transformed into
E. coli BL-21, identified by PCR and sequencing, and induced
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Figure 2. A) TRAPPC4 protein level in bone marrow mononuclear cells detected with Western blotting. B) Anti-TRAPPC4 antibody
levels were significantly higher in the serum of untreated immune-related pancytopenia (IRP) patients compared to the IRP patients in
remission and healthy controls. C) The proportion of CD19+ in peripheral blood mononuclear cells (PBMNCs) was higher in the untreated
IRP group compared to the other groups. D) The proportion of CD5+CD19+/CD19+ cells was higher in the untreated IRP group than in
other groups. E) The proportion of CD5+CD19+ in PBMNCs was higher in the untreated IRP group than in other groups.
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for expression using IPTG. Fusion proteins were expressed,
confirmed by Western blot with an anti-histidine antibody,
and purified with Proteinlso Ni-NTA Resin (TransGen Biotech).
The optimal imidazole elution concentration for the TRAPPC4
protein was 500 mM. The protein was renatured by dialysis, and
its concentration, measured using the BCA method, was 622.5
ug/mL (Figures 3 and 4).

Detection of TRAPPC4 Antibody Levels in the Bone Marrow
Supernatant of Patients with IRP by ELISA

The levels of anti-TRAPPC4 antibodies in the serum of untreated
IRP patients (1.35+0.31 AU) were higher compared to those of
IRP patients in remission (1.18+0.32 AU) and the healthy control
group (1.12+0.21 AU), and these differences were statistically
significant (p<0.05). There was not a significant difference in
anti-TRAPPC4 antibody levels between IRP patients in remission
and healthy controls (p>0.05) (Figure 2B).

1 M

Linking TRAPPC4 Expression to IRP Pathogenesis

The elevated TRAPPC4 expression at the mRNA and protein
levels in untreated IRP patients and the increased anti-
TRAPPC4 antibody production suggest that TRAPPC4 plays
a role as an autoantigen in autoimmune responses. TRAPPC4
could contribute to Th2 cell activation and IL-4 production,
as evidenced by the ELISPOT assay. These findings highlight
TRAPPC4 as a potential key molecular target, providing insights
into the autoimmune mechanisms of IRP and warranting further
investigation into its role in disease progression.

Discussion

This study identified 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
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Figure 3. Polymerase chain reaction (PCR) amplification and cloning of TRAPPC4. A) Agarose gel electrophoresis (AGE) result for the open
reading frame (ORF) encoding TRAPPC4 amplified from the pTrilEx2-FTL plasmid. Lane markers: M, Tiangen marker I; 1: ORF of TRAPPC4.
B) Lanes 1-9 show the AGE results of PCR amplification of eight colonies randomly picked from the plate with vector primer T7-F and
primer TRAPPC4-R; lanes 5-9 are forward positive clones. C) Competent E. coli Trans1-T1 colonies transformed with the ligated mixture
of TRAPPC4 PCR products and expression vector pEASY-E1. D) Sequencing of the plasmid DNA extracted from the forward positive clones
with T7 promoter and T7 terminator primer. E) BLAST results showing that the DNA sequences fully coincided with the ORF of TRAPPC4.
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Th2 cells, confirming its immunogenicity and involvement in
IRP pathogenesis through autoantibody-mediated immune

IRP patients further support its pathogenic role. However, no
significant increase was noted in CD235a+ nucleated red blood

disruption [7,9,13]. cells, suggesting a focus on early progenitor cells.

IRP, an autoimmune-related form of idiopathic cytopenia of
uncertain significance [13,14,15], involves autoantibodies
targeting CD34+ hematopoietic progenitor cells. FCM revealed
increased TRAPPC4 expression in these cells in newly diagnosed
IRP patients compared to patients in remission and the control
groups, implicating early hematopoietic cells as primary targets
[16,17]. Higher TRAPPC4 mRNA and protein levels in BMMNCs
and elevated TRAPPC4-specific antibody titers in the serum of

TRAPPC4, a core subunit of the TRAPP complex, is critical for
intracellular transport, autophagy, and signaling pathways such
as ERK-MAPK. Its dysregulation in IRP may impair autophagy,
disrupt vesicular trafficking, and promote apoptosis in
hematopoietic progenitors. The abnormal membrane localization
of TRAPPC4 in IRP patients likely renders it immunogenic,
leading to autoimmune responses [5,7,11,16].
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Figure 4. Expression and purification of TRAPPC4. A) Sodium dodecyl-sulfate polyacrylamide gel electrophoresis (SDS-PAGE) analysis
of pEASY-E1 in E coli BL21 (DE3) cells and pEASY-E1-TRAPPC4 in E. coli BL21 (DE3) cells. Lane M: protein molecular marker; lane 1:
supernatant of empty pEASY-E1 in E. coli BL21 (DE3) cells; lane 2: precipitation of empty pEASY-E1 in E. coli BL21 (DE3) cells; lane 3:
supernatant of pEASY-E1-TRAPPC4 in E. coli BL21 (DE3) cells; lane 4: precipitation of pEASY-E1-TRAPPC4 in E. coli BL21 (DE3) cells.
Recombinant TRAPPC4 (rTRAPPC4) was expressed as insoluble protein and accumulated in inclusion bodies. It had a distinct band with
molecular weight of about 21.5 kDa (black arrow). B) SDS-PAGE analysis of purified rTRAPPC4 eluted with different concentrations
of imidazole. Lane M: protein molecular marker; lanes 1-9: purified rTRAPPC4 eluted with 40, 62.5, 80, 100, 125, 160, 200, 250, and
500 mM imidazole in equilibration buffer (pH 8.0), respectively. Purified rTRAPPC4 eluted with 500 mM imidazole (lane 9, black arrow)
had relatively higher purity compared to others and 500 mM was identified as the optimum concentration. (C) SDS-PAGE analysis of
purified rTRAPPC4. A total of three purified TRAPPC4 samples were initially loaded (lanes 1-3), and sample 2 was the one that was
ultimately selected for subsequent experiments due to its relatively higher purity compared to samples 1 and 3 (black arrow points to
the target protein rTRAPPC4). D) Western blotting analysis of recombinant HIS-TRAPPC4 protein before purification (black arrow). E)

Western blotting analysis of purified recombinant HIS-TRAPPC4 protein (lane 1, black arrow). The other two proteins loaded in other
lanes are not relevant to the present study.
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Conclusion

Despite promising findings, this study's limitations include
its cross-sectional design, small sample size, and lack of
mechanistic validation. Future studies should utilize animal
models, proteomic analyses, and single-cell RNA sequencing to
explore TRAPPC4 regulation and its role in IRP pathogenesis.
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Supplementary Figure 1. Flow cytometry results compared between immune-related pancytopenia (IRP) patients and healthy controls.

Figure S1a. CD15 control. Panel A (top left): forward scatter (FSC-A) vs. side scatter (SSC-A) (all events): this scatter plot shows the
distribution of all events based on FSC-A and SSC-A, representing cell size and granularity, respectively. The gated population, labeled
P1, which accounts for 30.59% of the total events, is shown within magenta contouring. 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 SSC-A on the y-axis. A
rectangular gate, labeled P2 (98.04%), isolated 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
were sorted into quadrants 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 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 into Q2-LR (99.74%), which corresponds to cells that are CD15-positive and FTL-negative. A small population
(Q2-UR, 0.26%) represents cells that co-express both markers.
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Figure S1b. CD15 IRP. Panel A (top left): FSC-A vs. SSC-A (all events): this scatter plot shows the distribution of all events based on
FSC-A and SSC-A, indicating cell size and granularity. The gated population, 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 SSC-A on the y-axis for the
P1-gated population. Gate P2 (98.45%) isolated 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 Q1-LR (99.48%) with high CD15 and low TRAPPC4 expression, while Q1-UR (0.52%) is 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 into Q2-LR (99.36%) with high CD15 and low FTL
expression, while Q2-UR (0.64%) represents a small population co-expressing both markers.
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Figure 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
FSC-A and SSC-A, indicating cell size and granularity. Gated population P1 (52.01%] is highlighted by magenta contouring. Panel B (top
right): CD34 FITC-A vs. SSC-A (P1-gated): this plot shows CD34 expression (FITC-A) on the x-axis versus SSC-A on the y-axis for the P1-
gated population. The P2 gate (0.49%) isolated CD34-positive cells. Panel C (bottom left): CD34 FITC-A vs. TRAPPC4 PE-A (P2-gated):
this plot presents CD34 expression (FITC-A) on the x-axis and TRAPPC4 fluorescence (PE-A) on the y-axis for the P2-gated population.
Quadrant analysis shows that Q1-LR (98.90%) represents cells that are CD34-positive and 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 shows CD34
expression (FITC-A) against FTL fluorescence (PerCP-A) for the P2-gated population. The majority of events fall into Q2-LR (98.90%) with
high CD34 and low FTL expression, and Q2-UR (1.10%) indicates a minor population co-expressing both markers.
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Figure S1d. CD34 IRP. Panel A (top left): FSC-A vs. SSC-A (all events): this scatter plot shows the distribution of all events based on
FSC-A and SSC-A, indicating cell size and granularity. The gated population, labeled P1, accounts for 38.85% of the total events. Panel B
(top right): CD34 FITC-A vs. SSC-A (P1-gated): this plot shows CD34 expression (FITC-A) on the x-axis versus SSC-A on the y-axis for the
P1-gated population. Gate P2 (0.25%) isolated 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 Q1-LR (90.00%) with high CD34 and low TRAPPC4 expression, and Q1-UR (10.00%) presents 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 into Q2-LR (87.00%) with high CD34 and low FTL
expression, while Q2-UR (13.00%) represents a small population co-expressing both markers.
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Figure S1e. CD235 control. Panel A (top left): FSC-A vs. SSC-A (all events): this scatter plot shows the distribution of all events based on
FSC-A and 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 magenta contouring. 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 SSC-A on the y-axis. A rectangular gate, labeled P2 (2.48%),
isolated 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 were sorted into quadrants to
identify distinct populations. Q1-LR (98.84%) represents cells that are CD235-positive and TRAPPC4-negative, while Q1-UR (1.16%)
corresponds to a small subset of cells co-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
into Q2-LR (100.00%), which corresponds to cells that are CD235-positive and FTL-negative. A small population (Q2-UR, 0.00%) consists
of cells that co-express both markers.
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Figure S1f. CD235 IRP. Panel A (top left): FSC-A vs. SSC-A (all events): this scatter plot shows the distribution of all events based on
FSC-A and SSC-A, indicating cell size and granularity. The gated population, 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 SSC-A on the y-axis for
the P1 gated population. Gate P2 (3.70%) isolated 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 Q1-LR (97.68%) with high CD235 and low TRAPPC4 expression, and Q1-UR (2.32%) is 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 into Q2-LR (97.02%) with high CD235 and low FTL
expression, while Q2-UR (2.98%) represents a small population co-expressing both markers.
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