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Multiple myeloma (MM) is characterized by the malignant proliferation of plasma
cells within the bone marrow. The transcriptional mechanisms governing plasma
cell differentiation and MM pathogenesis are regulated by an intricate network of
transcription factors, the role of RUNX1 in this process remains poorly defined.
This study aimed to characterize plasma cell subsets in MM and evaluate the
expression and functional role of RUNX1 during B cell differentiation. Bone
marrow and peripheral blood samples were collected from 61 MM patients and
18 healthy donors. Flow cytometry was used to identify B cell and plasma cell
subsets and measure RUNX1 expression across B cell maturation stages.
Functional validation was conducted via siRNA-mediated RUNX1 knockdown in
CD19* B cells followed by in vitro plasma cell differentiation assays. Our data
showed that MM patients exhibited significantly increased proportions of plasma
cells in bone marrow compared to healthy controls. Intriguingly, RUNX1
expression was low in naive B cell subsets but increased progressively through
plasmablast, pre-plasma, and plasma stages. Although RUNX1 expression did not
significantly differ across MM stages or between newly diagnosed and relapsed/
refractory cases, plasmablasts from MM patients showed higher RUNX1 levels
than those from controls. Knockdown of RUNXL in vitro using siRNA delayed B
cell differentiation transiently. In summary, RUNX1 expression is dynamically
upregulated during terminal B cell differentiation and is elevated in MM-derived
plasmablasts. These findings provide new insights into a potential role for RUNX1
in the B cell differentiation axis and MM disease progression.
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Introduction

Multiple myeloma (MM) is one of the most common hematologic
malignancies, accounting for approximately 10% of hematopoietic
system tumors. It is characterized by the clonal expansion of
malignant plasma cells within the bone marrow, resulting in
overproduction of monoclonal immunoglobulins, and may present
with complications such as renal failure and Iytic bone lesions (1). MM
progresses through several stages, starting from a premalignant
condition known as monoclonal gammopathy of undetermined
significance, followed by smoldering MM, active MM, and ultimately
but rarely advancing to plasma cell leukemia, the most aggressive and
terminal stage of the disease. MM remains an incurable malignancy of
plasma cells despite significant advances in diagnosis and treatment
over the past two decades. The introduction of proteasome inhibitors,
immunomodulatory drugs, monoclonal antibodies, and autologous
stem cell transplantation has substantially improved patient
outcomes and extended survival (2). However, MM is characterized
by inevitable relapse due to the emergence of drug-resistant clones,
profound genetic heterogeneity, and disease evolution over time (3).
Clonal evolution under therapeutic pressure contributes significantly to
treatment failure, particularly in relapsed and refractory MM (RRMM);
moreover, the persistence of minimal residual disease (MRD), even
following complete remission, presents a critical challenge for achieving
a definitive cure (4). The tumor-supportive bone marrow
microenvironment, which promotes immune evasion and plasma
cell survival, further complicates therapeutic efforts (5, 6). High-risk
cytogenetic features such as del (17p), t (4, 14), and 1q gains are
associated with poor prognosis and resistance to standard therapies,
underscoring the urgent need for personalized treatment strategies and
novel therapeutic targets in MM management (7, 8).

Plasma cells arise from B cells that undergo a highly orchestrated
differentiation process involving activation in germinal centers,
followed by the generation of plasmablasts and their subsequent
maturation into antibody-secreting plasma cells (9). Pre-
plasmablasts represent an early, transient state that arises shortly
after B cell activation. These cells initiate low-level expression of key
transcription factors such as IRF4 and BLIMP1 but lack robust
immunoglobulin secretion and the complete phenotypic attributes of
plasmablasts. They exhibit intermediate expression of activation
markers such as CD38 and CD138 and have not yet acquired full
effector function (10). Plasmablasts are proliferative, short-lived
antibody-secreting cells that represent a critical transitional stage
before advancing into terminally differentiated plasma cells. They are
typically characterized by high expression of CD38, variable expression
of CD138, and reduced expression of B cell markers such as CD20.
Functionally, plasmablasts secrete immunoglobulin and retain
migratory potential, enabling their movement from secondary
lymphoid organs to bone marrow niches for further maturation
(11). Further along the pathway, pre-plasma cells represent a more
advanced differentiation state that bridges plasmablasts and plasma
cells. These cells begin to acquire hallmark plasma cell features—
including increased immunoglobulin production and elevated
expression of BLIMP1 and XBP1—while still maintaining limited
proliferative capacity and some residual expression of early B cell
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surface markers. Pre-plasma cells are commonly observed in
secondary lymphoid tissues and bone marrow during active immune
responses, where they likely serve as an intermediate reservoir for
plasma cell development (9, 12).

The process of plasma cell differentiation is regulated by a
tightly controlled transcriptional network involving key factors.
Interferon regulatory factor 4 (IRF4) acts as a central node,
dynamically controlling the switch between germinal center B
cells and plasma cells, depending on its expression levels (13, 14).
B lymphocyte-induced maturation protein 1 (BLIMP1, encoded by
PRDMI1) serves as the master regulator of plasma cell fate by
repressing genes involved in the B cell program, including paired
box gene 5 (PAX5) and B-cell lymphoma 6 protein (BCL6), and
upregulating those essential for plasma cell function, such as X-box
binding protein 1 (XBP1), which drives immunoglobulin
production and the unfolded protein response (15, 16). In
contrast, B-cell lymphoma 6 protein (BCL6) and basic leucine
zipper transcription factor 2 (BACH2) maintain B cell identity
and germinal center function by repressing BLIMP1 expression and
must be downregulated for plasma cell commitment to occur (17).

The Runt-related transcription factor (RUNX) family comprises
three core members, namely RUNX1, RUNX2, and RUNX3, each
playing essential and distinct roles in lineage-specific development
and cellular differentiation. These transcription factors share a
conserved Runt homology domain, which mediates DNA binding
and heterodimerization with the cofactor CBFp (core-binding factor
beta), enhancing their transcriptional stability and function (18).
RUNX1, also known as AML1, is best known for its critical function
in definitive hematopoiesis (19, 20) and lymphocyte development
(21), and its frequent mutations are strongly implicated in
leukemogenesis, particularly in acute myeloid leukemia (AML) (18,
22). RUNX2 is the master regulator of osteoblast differentiation and is
essential for skeletal development; mutations in RUNX2 are
associated with cleidocranial dysplasia (23). RUNX3, on the other
hand, is involved in the development of dorsal root ganglia, gastric
epithelium, and T cell function (24-26). It has been identified as a
tumor suppressor in various epithelial cancers, including gastric and
lung cancer, where its inactivation leads to aberrant cell proliferation
and impaired apoptosis.

RUNX1 has been implicated in the early development of both T
and B cells (27-29). In naive T cells, RUNX1 plays a crucial role in
maintaining cell quiescence as T cell specific deletion of RUNXI1
leads to T cell hyperactivation and autoimmunity in mouse model
(30, 31). Despite its involvement in early B cell development, the
role of RUNXI in B cell terminal differentiation and plasma cell
identity remains incompletely defined. RUNXI1 is expressed in
multiple isoforms including RUNX1la, RUNXI1b, and RUNXIc,
that are generated by alternative promoter usage and splicing
(32). RUNX1b is the dominant functional isoform involved in
lymphocyte development and gene regulation. RUNXIc¢ is mainly
expressed during definitive hematopoietic stem cells development,
while RUNX1la may act as a dominant-negative regulator by
competing for DNA binding without initiating transcription.

Given that MM arises from long-lived plasma cells, we
hypothesize that RUNX1 may influence key transitional states
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during B cell differentiation and plasma cell commitment. In this
study, we investigated the expression profile of RUNXI1 across
various B cell subsets and plasma cell stages in MM patients and
healthy donors.

Methods
Study participants

A total of 61 individuals who were diagnosed with MM were
recruited to this study from the Universiti Malaya Medical Centre
(UMMC) and Hospital Ampang, Kuala Lumpur from 2018 to 2022.
This study has obtained ethical approval from Universiti Malaya
Research Ethics Committee (MREC ID No: 2018116-5966) and
National Medical Research Register (NMRR-18-1439-41302).
Written informed consent was obtained from each volunteer and
patients prior to sample collection. Healthy individuals are bone
marrow stem cell donors, who consented to provide additional
samples during marrow collection for this study.

The criteria for the diagnosis, staging and risk status of MM were in
accordance with the ISS by the International Myeloma Working Group
(IMWG) (33). ISS stage I refers to those with beta-2 microglobulin
(B2M) level <3.5 mg/L and serum albumin >3.5 g/dL; ISS stage II refers
to the patients with B2M <3.5 mg/L and serum albumin <3.5 g/dL, or
B2M levels of 3.5 to 5.5 mg/L irrespective of serum albumin level; and
ISS stage III refers to those with B2M >5.5 mg/L. Stage 0 refers to those
with newly diagnosed solitary plasmacytoma.

Sample processing

A total of 10 mL of peripheral blood samples and 10 mL of bone
marrow aspirates were collected from MM patients and healthy
donors. Peripheral blood samples were diluted at 1:2 while bone
marrow aspirates were diluted at 1:7 ratio with phosphate buffer
saline (PBS), before layered over 10 mL lymphocyte separation
medium (Corning®, Corning, New York, USA) and centrifuged at
400x g for 30 minutes at room temperature. The buffy coat layers
containing peripheral blood mononuclear cells (PBMCs) or bone
marrow mononuclear cells (BMMCs) were collected in a 10 mL
tube and washed twice with PBS solution. Cells were resuspended in
human serum containing 5% dimethyl sulfoxide (DMSO) and
stored in liquid nitrogen tank until further analysis.

Immunophenotyping and intracellular
staining

The cryopreserved PBMCs and BMMCs were retrieved from
liquid nitrogen tank and thawed in water bath at 37°C. The cells
were pelleted at 300 xg for 5 minutes at 4°C and washed using PBS/
3%FBS. The cells were incubated with staining for extracellular
markers for 30 minutes at 4°C using the following fluorochromes:
APC anti-human CD19, Alexa Fluor 488 anti-human CD20,
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PerCP-Cyanine 5.5 CD27, APC-Cyanine 7 CD38 and PE-Cyanine
7 CD138 (BioLegend, San Diego, USA), with dilution factor of
1:200. After 30 minutes of incubation, cells will be washed and
resuspended with 1 mL of PBS/3%FBS.

Following extracellular surface staining, cells were fixed and
permeabilized using the Foxp3/Transcription Factor Staining Buffer
Kit (Invitrogen, Stockholm, Sweden). After washing, the cell pellet
was resuspended in 1 mL of fixation/permeabilization buffer and
centrifuged at 300 xg for 5 minutes at 4°C. The supernatant was
discarded, and the cells were then stained intracellularly with PE-
conjugated anti-RUNX1 (eBiosciences, Thermo Fisher Scientific,
Waltham, Massachusetts, USA) for 30 minutes in dark. PE-anti-
RUNXI1 is a monoclonal antibody (clone RXDMC) specific for
RUNZX1 protein. Cells were washed and resuspended in 200 uL of
PBS/3%FBS. Cells were examined in a BD FACSCanto " 1I flow
cytometer, and analyzed using BD FACSDiva'" and FlowJo
softwares (BD Biosciences).

RNA isolation and cDNA synthesis

Cells were resuspended in 1 mL of TRIzol " reagent
(Invitrogen, Carlsbad, California, USA) and incubated at room
temperature for 5 minutes. Subsequently, 200 uL of chloroform
were added, vortexed briefly, and incubated for 2 to 3 minutes at
room temperature. Samples were centrifuged at maximum speed at
4 °C for 15 minutes, and the upper aqueous phase was carefully
transferred to a new tube. Next, 500 pL of 100% isopropanol were
added, mixed gently, incubated at room temperature for 10
minutes, and centrifuged at 4 °C for 10 minutes. The RNA pellet
was washed with 1 mL of 75% ethanol, air-dried at room
temperature for 1 minute, and dissolved in 12 pL of RNase-Free
Water. The dry RNA pellet was dissolved and measured using
NanoDropTM 2000 spectrophotometers (Thermo Scientific,
Waltham, Massachusetts, USA) at 260nm and 280nm to
determine sample concentration and purity. A total 1pug of RNA
was used for cDNA synthesis using the SuperScriptTM IV First-
Strand Synthesis System (Invitrogen). The reaction mixture
contained random hexamers, dNTPs, RNaseOUT™ inhibitor,
and SuperScriptTM IV reverse transcriptase was performed under
the following thermal cycling conditions: primer annealing at 65°C
for 5 min, extension at 50°C for 10 min, and enzyme inactivation at
80°C for 10 min. The resulting cDNA was stored at —20°C. All the
primers used were designed using Primer-BLAST.

qRT-PCR

Quantitative real time polymerase chain reaction (QRT-PCR)
analysis was carried out using SsoAdvanced " Universal SYBR
Green Supermix (Bio-Rad, Hercules, California, USA). Primers
used were as follow: Runxl (5-AACCTCGAAGACATCGGCAG-
3" and 5-AAGGCAGTGGAGTGGTTCAG-3’) detecting all
RUNXI isoforms, RUNXIa (5-ATGCGTATCCCCGTAGATGC-
3’ and 5-CATGGCTGCGGTAGCATTTC-3’), RUNXIb (5-
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CGACTCTCAACGGCACCCGA-3" and 5°-
ATGGCCGACATGCCGATGCC-3"), RUNXIc (5’-

GGCCTCATAAACAACCACAGA-3" and 5’-
CTGTGGGTACGAAGGAAATGA-3"), BCL6 (5’-
GGACTCCACCATCCCACAAG-3" and 5-

AGTGTGGGTTTTCAGGTTGGCT-3"), BACH2 (5’-

AGCAGAGAAAACATCCGCGAG-3" and 5°-
GGCTTGAGGCTGTTGCTAGA-3"), PAX5 (5-
GTCCATTCCATCAAGTCCTG-3" and 5°-
TTGCTGACACAACCATGGCT-3"), IRF4 (5-
TTCCGAGAAGGCATCGACAAG-3" and 5’-
GCAGACCTTATGCTTGGCTC-3"), BLIMP1 (5’-
ACCCAGTTTGTGCACCTGAAAC-3" and 5’-
CAGAGGTAGTGGGTTGCTGG -3’), XBPI (5’-
TAAGACAGCGCTTGGGGATGG -3’ and 5’-

GGCTGGTAAGGAACTGGGTC-3"), and GAPDH (5’-
CATGACCACAGTCCATGCCATCACT-3" and 5’-
TGAGGTCCACCACCCTGTTGCTGTA-3’). Housekeeping gene
GAPDH was used for normalization to obtain relative fold
changes based on comparative threshold cycle (AACt) method.
All reactions were run in duplicate in the Agilent Mx3000P
qPCR system (Agilent Technologies, Santa Clara, California, USA).
Condition is as follow: 95°C for 2 minutes, 40 cycles of 95°C
denaturation for 15 seconds, 60°C annealing for 1 minute and 60°C
extension for 1 minute, following by dissociation.

B cell isolation

PBMCs were isolated from buffy coats of healthy donors’
peripheral blood samples by density gradient centrifugation using
LSM and washed twice in PBS. Cell suspensions were resuspended
in complete RPMI medium supplemented with 10% FBS. Human
CD19" B cells were isolated using the BD IMagTM anti-human
CD19 Particles - DM. A total of 50 pl of the particles was added per
1 x 107 cells, incubated for 10 minutes and washed. After two
rounds of isolation, cell pellet was resuspended in complete RPMI
media with 10% FBS. Purity of the post-sorted CD19" B cell
was >97%.

siRNA knockdown and in vitro plasma cell
induction

Control-siRNA-A (sc37007) and specific RUNX1-siRNA (sc-
37677) (Santa Cruz Biotechnology, Dallas, Texas, USA) were
commercially acquired. and A total of 8 pL of siRNA (140 ng/uL)
and 12 pL of 6X Lipofectamine 3000 were diluted in 5.6 mL of
RPMI and incubated at room temperature for 15 minutes. The
transfection solution was prepared by adding 200 uL of the reagent
mixture into 0.8 mL of blank RPMI. Cells were resuspended in the
transfection solution and seeded into a 6-well plate at a final
concentration of 2.5 x10° cells per mL. The cells were incubated
for 5 hours, followed by replacement with RPMI supplemented with
10% FBS, and further incubated for 18 hours in a CO, incubator.
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The transfection process was repeated twice. Subsequently, cells
were cultured in RPMI medium containing 500 ng/mL sCD40L and
20 ng/mL IL-4. On day 3, the cells were transferred to RPMI
medium containing 500 ng/mL sCD40L and 10 ng/mL IL-21. The
medium was replenished with fresh medium every 2 days, and cells
were harvested for analysis on day 11.

Statistics

Differences between groups were analyzed by Student’s ¢-test or
Mann-Whitney U-test in GraphPad Prism v10. Statistical
significance is indicated with *P < 0.05, **P < 0.01, ***P < 0.001,
and ***P < 0.0001.

Results
Patient demography

A total of 61 MM patients and 18 healthy donors were recruited
in this study, as summarized in Table 1. Among MM cohort, 70%
(43/61) were newly diagnosed multiple myeloma (NDMM) while
the remaining 23% (14/61) were relapsed and refractory multiple
myeloma (RRMM). The patient cohort was further categorized
according to ISS into different stages: 16% (10/61) stage I, 10% (6/
61) stage II, and 62% (38/61) stage III, whereas no staging were
reported for 4 patients due to incomplete information. The age for
the MM patients and healthy individuals ranged between 34 to 80
years old and 21 to 69 years old, respectively. Among the MM
patients, 59% (36/61) were male and 41% (25/61) were female while
the cohort comprised 54.1% (33/61) Malay, 32.8% (20/61) Chinese
and 13.1% (8/61) Indian ethnicity.

Given the age difference between the control and MM cohorts,
additional analyses were performed to assess whether age influences
B cell subset distribution among MM patients. Scatter plots
examining the correlation between age and the frequency of
individual plasma cell subsets, including early, intermediate, and
mature populations, revealed no significant associations
(Supplementary Figures S1 and S2). These findings suggest that
age does not substantially impact the proportional distribution of
plasma cell subsets within the MM cohort.

High percentages of plasma cells in MM
bone marrow

Bone marrow and peripheral blood samples from MM patients
and healthy controls were first immunophenotyped using flow
cytometry (Figure 1A; left panel). In bone marrow derived from
healthy controls, two major cell populations were detected using
FSC and CD19 marker, i.e. CD19* B cells and CD19™ non-B cells.
Whereas in MM bone marrow, one extra distinct cell population
was identified, i.e. CD19™ FCS™€" cells, in addition to B and non-B
populations. In bone marrow, the percentages of CD19™ FCShieh
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TABLE 1 Patient demography.

Gender

Male

Female
Age
<55y/o

> 55 y/o
Range

Ethics

Malay

Chinese

Indian

MM  Controls

n=61

59%
(36/61)

41%
(25/61)

45

34 - 80

54.1%
(33/61)

32.8%
(20/61)

13.1%
(8/61)

n=18

39%
(7/18)

61%
(11/18)

16

21-69

16.7%
(3/18)

77.8%
(14/18)

5.5%
(1/18)

P
value

0.1796

<0.0001

0.0066

0.0010

0.6757

OR (95% CI)

2263
(0.8148-6.117)

0.0444
(0.0097-0.2083)

5.893
(1.655-20.32)

0.1394
(0.0465-0.4510)

2.566
(0.4170-30.00)

Serum albumin level, g/L

Low
Normal

High

28

30

3

2-microglobulin, mg/L

Normal 10

High 37

No information 14
Disease type
digﬂd MM 3

Relapsed/ "
refractory MM

Non- 1
secretory MM

Plasmacytoma 3
Heavy chain isotype

1gG 33

IgA 8

IgM 1
Light chain

Light 3
chain isotype

Kappa 7
Lambda 4
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TABLE 1 Continued

MM | Controls P

n=61 n=18 value OR (95% Cl)

International staging (ISS)

Stage I 10
Stage II 6
Stage III 38
No staging 4

Characteristics of 61 Multiple myeloma patients and 18 healthy donors recruited. Statistical
analysis was performed using Fisher’s exact test. MM: multiple myeloma, OR: odd-ratio, CI:
confidence interval, y/o: years old.

cells were significantly elevated in MM patients (29.9 + 3.3%)
compared to controls (4.2 + 0.9%; P < 0.0001) (Figure 1B). The
increase in CD19™ FCSME" cells was accompanied by a marked
decrease in CD19™ non-B cells in MM patients (58.6 + 3.3%)
compared to controls (87.7 + 2.5%; P < 0.0001), whereas the
percentages of CD19" B cells did not differ significantly between
MM patients (9.0 = 1.0%) and controls (6.8 + 2.2%; P = 0.3405). In
peripheral blood, the average percentages of CD19" B cells were
similar between MM patients (9.1 £ 0.9%) versus controls (13.8 +
3.2%; P = 0.1340) (Figure 1C). The mean percentage of CD19™
FCS™¢" plasma cells was comparable in MM patients (17.9 + 1.6%)
compared to controls (15.4 + 2.0%; P=0.9017). Similarly, no
significant difference was observed in the percentage of CD19
non-B cells between MM patients (71.1 + 1.9%) and controls
(70.4 + 4.4%; P = 0.7276). These results underscore a notable
expansion of CD19™ FCS"" population in the bone marrow of
MM patients.

Using surface identity markers, CD19'™ FCS"®" cells were
further subcategorized into pre-plasma cells (CD19™ FCSMe"
CD20" CD27" CD38" CD138"°Y) and plasma cells (CD19™
FCSM&" CD20" CD27* CD38" CD138™¢") (Figure 1A; upper right
panel). The percentages of both bone marrow pre-plasma and
plasma cells were significantly elevated in MM cohort compared
to controls (Figure 1D). The average percentage of pre-plasma cells
was approximately 6 folds higher in MM (6.3 + 0.7%) than in
controls (1.1 + 0.2%; P = 0.0001). Similarly, the percentage of
plasma cells was significantly increased by 3 folds in MM patients
(9.1 £ 2.1%) compared to controls (0.3 = 0.1%; P < 0.0001). In
peripheral blood, no statistically significant differences were
observed for pre-plasma and plasma cells. Percentages of plasma
cells showed an approximately 2.5-fold increase in MM (4.7 £ 0.5%)
compared to controls (2.0 £ 0.9%; P=0.0526), whereas percentages
of pre-plasma cells remain unchanged between MM patients (2.7 +
0.3%) and controls (1.7 + 0.8%; P = 0.2633) (Figure 1E).

CD19" B cells were further subdivided into different subsets:
naive B cells (CD19" CD20" CD27 CD38), active B cells (CD19*
CD20" CD27 CD38"), and memory B cells (CD19* CD20" CD27"
CD38") (Figure 1A; lower right panel). In the CD19"-gated
population of bone marrow samples, no apparent differences were
observed in the composition of naive or memory B cell subsets
between MM patients and controls. The average percentage of naive
B cells was comparable in MM (59.0 + 2.7%) compared to controls
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Immunophenotyping of bone marrow and peripheral blood cells mononuclear cells in MM versus healthy controls. (A) Gating strategies for different

B cell populations in MM bone marrow and peripheral blood. Three distinct populations were first gated in control and MM including B (CD19FCS'°"),
differentiated cell (CD19™FCS"9") and non-B cell (CD19FCS'%). CD19MFCS™" population was further divided into pre-plasma (CD19™CD20"
CD27+CD38*CD138'°") and plasma cell (CD19™CD20"CD27*CD38*CD138"9"). CD19* B cells were further subdivided into CD20" and CD20" cells.
CD20* population include naive (CD19* CD20* CD27° CD38"), active (CD19" CD20* CD27° CD38*), and memory (CD19* CD20* CD27* CD38") B
cells, whereas CD20~ population include pre-plasmablasts (CD19*CD20°CD27 CD38™), plasmablasts (CD19"CD20"CD27"CD38"). (B, C) Dot plot shows
the percentages of B (CD197FCS'"), plasma cell (CD19™FCS"9") and non-B cell (CD19°FCS'Y) in the bone marrow and peripheral blood derived from
MM (n=45) versus controls (n=7). Each dot represents one individual. (D, E) Bar charts show the percentages of plasma and pre-plasma cell in bone
marrow or peripheral blood derived from MM versus controls. (F, G) Bar charts show the percentages of naive, memory and active B cells cell in bone
marrow or peripheral blood derived from MM versus controls. (H, 1) Bar charts show the percentages of pre-plasmablast and plasmablast cells in the

bone marrow or peripheral blood derived from MM versus controls. Data are shown as mean + SEM. Statistical analysis by non-parametric Mann-
Whitney U test. ****P < 0.0001; ns, not significant.
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(59.1 + 4.6%; P = 0.8359) (Figure 1F). Likewise, the percentages of
memory B cells were comparable between MM patients (28.8 +
2.5%) and controls (22.5 + 4.1%; P = 0.3745). However, a significant
reduction in the percentages of active B cells was observed in MM
patients (4.7 £ 1.2%) compared to controls (7.0 + 0.8%; P = 0.0063).
In peripheral blood, no significant differences were noted across all
three CD19" B cell subsets (Figure 1G). The percentages of naives B
cells were comparable between MM patients (68.2 £+ 1.9%) and
controls (72.5 + 3.2%; P = 0.5697). Similarly, the percentages of
memory B cells were not significantly different between MM
patients (25.0 = 2.0%) and controls (19.3 + 3.9%; P = 0.4474).
The average percentages of active B cells was also dissimilar in MM
patients (2.1 + 0.4%) compared to that of controls (2.1 + 0.3%; P =
0.0995). The percentages of both pre-plasmablast and plasmablast
cells were generally reduced in the MM cohort compared to
controls. In bone marrow, the average percentage of pre-
plasmablast cells was slightly lower in MM patients (0.4 + 0.1%)
compared to controls (0.5 + 0.2; P = 0.0499) (Figure 1H). Similarly,
the proportion of plasmablast cells was comparable between MM
patients (0.2 + 0.0%) and controls (0.2 £ 0.1%; P = 0.7931). In
peripheral blood, no pre-plasmablast cell population was detected
in either group. There were no significant differences in plasmablast
cell percentages between MM patients (0.3 + 0.1%) and controls
(0.2 % 0.0; P = 0.6415) (Figure 11).

Elevated RUNX1 expression as B cells
advance into plasma cells

As B cells differentiate into plasma cells, various molecules are
involved in the differentiation process. We subsequently analyzed
the expression profile of RUNXI across different B cell subsets and
observed a notable increase in RUNXI1 expression during the
transition from B cells to plasma cells (Figure 2A). RUNXI
expression was relatively low in non-B cells, naive B cells,
memory B cells, and activated B cells. However, its expression
markedly increased in pre-plasmablasts and continued to rise in
plasmablasts. The highest levels of RUNX1 were observed in pre-
plasma and plasma cells.

In bone marrow cells derived from MM patients, naive B cells
(169 * 7), memory B cells (200 + 10), and activated B cells (206 +
10) exhibited low expression or mean fluorescent intensity (MFI) of
RUNXI, comparable to that of non-B cells (214 + 13) (Figure 2B).
RUNZX1 expression remained low at the pre-plasmablast stage (219
+ 21), but increased notably in plasmablasts (299 + 18). A further
significant upregulation was observed in pre-plasma (292 + 14) and
plasma cells (323 + 16), indicating progressive induction of RUNX1
during terminal B cell differentiation. A similar trend was observed
in peripheral blood-derived cells, where RUNX1 expression was low
in naive B cells (169 + 7) and elevated in pre-plasma (292 + 14) and
plasma cells (323 + 16) (Figure 2C). Notably, the highest RUNX1
expression was detected in plasmablasts (398 + 31) in MM
peripheral blood.

Estimation plot analysis demonstrated no marked differences
between naive B and non-B cells in both bone marrow and
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peripheral blood (Figures 2D, E). A marked increase in RUNX1
expression during the transition from naive B cells to plasma cells,
pre-plasma and plasmablast (Figures 2F-K). This trend was
consistently observed in paired samples from the same
individuals, across both peripheral blood and bone marrow. In
contrast, comparison between naive B cells and early pre-
plasmablast cells did not reveal any significant change in RUNX1
expression (Figure 2L). Other stepwise comparisons of each
transitional stage were conducted. As cells progressed from pre-
plasmablast to plasmablast, an increasing trend was observed
(Figure 2M). However, this trend was not evident in the later
stages, this trend was not evident in the later stages when pre-
plasma cell advanced into plasma cell (Figures 2N, O). These
findings collectively suggest a potential role for RUNXI in plasma
cell differentiation, particularly during the early transition of pre-
plasmablast to plasmablast stage.

RUNX1 expression in plasma cell
differentiation in MM versus controls

MM is characterized by expansion of malignant plasma cell in
bone marrow. We next examined if the RUNX1 expression differs
in healthy control and MM patients (Figure 3A). However, no
significant differences were detected in RUNX1 expression in bone
marrow plasma cells derived from MM (386 + 22) versus controls
(366 + 47; P = 0.9475). Further investigation revealed significant
elevation of RUNXI1 expression in bone marrow plasmablasts
derived from MM (299 + 18) compared to healthy controls (173
+11; P <0.0001). In peripheral blood, plasmablasts also displayed a
higher RUNX1 levels in MM patients (398 + 31) compared to
controls (286 + 17), though the difference did not reach statistical
significance (P = 0.1441) (Figure 3B). While no significant
differences were detected in peripheral plasma cells derived from
MM (323 + 16) versus controls (273 + 15; P = 0.4328).

RUNX1 expression across MM stages and in
NDMM versus RRMM

RUNZXI expression in plasma cell populations across different
MM stages was investigated to determine stage-dependent
variations (Figure 4A). We noted that RUNXI1 expression
remained relatively constant across MM stages in bone marrow.
The MFI of RUNX1 was recorded as stage 0 (480 + 93), stage 1 (385
+ 41), stage 2 (433 + 33) and stage 3 (364 + 32), compared to
controls (366 * 47). Similarly, no difference was noted when
examining RUNXI1 expression in peripheral cells across different
MM stages (Figure 4B). When comparing between NDMM and
RRMM patients, there were no significant differences detected
either in cells derived from bone marrow (Figure 4C) or
peripheral blood (Figure 4D).

When analyzing the plasmablast population, RUNX1
expression remained relatively similar across different MM stages,
with MFI values recorded as follows: stage 0 (340 + 22), stage 1 (331
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RUNX1 expression in plasmablasts and plasma cells in MM versus healthy controls. (A) Dot plots show the MFI of RUNX1 expression in pre-
plasmablast, plasmablast, pre-plasma and plasma cells in bone marrow in the MM versus healthy controls. A higher expression of RUNX1 can be

seen in the MM preplasmablast and plasmablast cells, compared to the hea

lthy controls. However, the pre-plasma or plasma cells from MM shows

comparable level of RUNX1 when compared to the controls. (B) No significant differences can be seen in the peripheral blood. Note that pre-
plasmablast population does not exist in the peripheral blood. Each dot represents one individual, and data is shown as mean SEM. Statistical analysis
by non-parametric Mann-Whitney U test (*P < 0.05; **P < 0.01; ns, not significant).

+ 49), stage 2 (328 + 41), and stage 3 (277 + 18), but consistently
elevated when compared to healthy controls (173 + 11) in bone
marrow (Figure 4E). Similarly, peripheral blood analysis revealed
no marked differences in RUNX1 expression across MM stages
(Figure 4F), with MFI values of stage 0 (512 £ 170), stage 1 (370
33), stage 2 (338 + 45), and stage 3 (413 + 51), but relatively higher
versus controls (286 + 17). When comparing the plasmablast
population among NDMM and RRMM, a significant increase in
RUNXI1 expression was observed in bone marrow-derived
plasmablasts (Figure 4F). RUNX1 MFI in NDMM patients was
280 + 19 (P = 0.0004), and in RRMM patients was 368 + 52 (P =
0.0003), both significantly higher than controls (173 £ 11). A
significantly higher RUNX1 was also noted in RRMM compared
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to NDMM group (P = 0.0431), suggesting a potential association
between elevated RUNXI1 expression and disease relapse or
progression of MM (Figure 4G). Peripheral blood samples also
showed higher RUNXI1 expression in RRMM patients (418 + 37)
compared to NDMM (384 + 41, P = 0.3891) and controls (286 + 17,
P = 0.0107) (Figure 4H).

To further assess whether high RUNXI1 expression in plasma
cells correlates with donor age, linear regression analysis was
performed. The results showed no statistically significant
correlation between age and RUNXI expression across naive,
activated, and differentiated B cells, derived from bone marrow or
peripheral blood from healthy donors and MM patients
(Supplementary Figure S3, S4).

frontiersin.org


https://doi.org/10.3389/fimmu.2025.1643615
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Tang et al.
A > BM Plasma cells
= 1000
[}
5 °
€ 800 .
[+
8~ 600{ - ° .
[TaTH 8
2= {— s ¥ ¢
[ B -
g L BT e 1
E -~ S0 & 0900
s
©
o i
= TS N & &
2
F F &L
XA P A G4 (:°°
> PB Plasma cells
£ 800
c L]
£
. o
< 60, o
g —_ ° °
[T™ o,
O = 400 ° -
3§ ill 3 _I_ 0000
i
g . MT&F
2 200 ° °
{=
©
o g
E v T T T T T
< Q-\ < < O
‘-o\.'bo" \?0" 6@9 %@Qo({é
C BM Plasma cells
2
£ 10004
5 °
8001 o
]
C —~ 600 L
3L N 8
(7]
5. 3 &
5 o -
o
0] e 3 o°°°
G
2 0 . . :
NDMM RRMM Controls
PB Plasma cells
%’ 800~
c L4
2
£ 600 .
[} °
2= ®
§ i a00{ * oo
2 _:E' 2g00°
S Lol Y st I
E J
c
©
g 0 T T T
NDMM RRMM Controls
FIGURE 4

10.3389/fimmu.2025.1643615

E = BM Plasmablast
£ 500-
[
3
£ 600 H
[}
o
§E4no oW
o= s ¥
o= p _I_ —I—
i °
3 200 ceo °° ! o0
o ®oo } -@-
[
1]
o a
E v T T T T T

O N 94 2 @
$ &S
LGP CRgiPE Vg

P G

PB Plasmablast

1000+

HH

hEgs

Mean Fluorescence Intensity
(MFI)
(%]
=3
s

800+ e
600

400+

L]
™
S
o
o0
200 o020
_ﬁ_

Mean Fluorescence Intensity
(MFI)

o

NDMM RRMM Controls

PB Plasmablast

1000+

I

¢
E
%:.:%&e

Mean Fluorescence Intensity
(MFI)
o
=3
2

T T T
NDMM RRMM Controls

RUNX1 expression in plasma cells in different MM stages and in RRMM versus NDMM. (A, B) Dot plots show the MFI of RUNX1 expression in plasma
cell populations of different ISS staging in MM bone marrow (BM) and peripheral blood (PB). (C, D) Dot plots show the MFI of RUNX1 expression in
plasma cells from the NDMM or RRMM, compared to the controls. No significant differences observed in the RUNX1 expression in the plasma cells
when comparing different MM stages or disease types. (E, F) Dot plots show the MFI of RUNX1 expression in plasmablasts of different ISS staging in
MM bone marrow and peripheral blood. (G, H) Dot plots show the MFI of RUNX1 expression in plasmablasts from NDMM or RRMM, compared to the
controls. Significant differences among these comparisons, as RUNX1 expreesion was high in RRMM. Each dot represents one individual, and data is

shown as mean SEM. Statistical analysis by non-parametric Mann-Whitney U test (*P < 0.05; ***P < 0.001; not significant if no asterisks).

Frontiers in Immunology

10

frontiersin.org


https://doi.org/10.3389/fimmu.2025.1643615
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Tang et al.

Transient RUNX1 interference delays in vitro
plasma cell stimulation

To investigate the role of the RUNXI gene in plasma cell
differentiation during B cell development, we established an in
vitro plasma cell induction system by stimulating primary B cells for
11 days in the presence of CD40L, IL-4 and IL-21 (Figure 5A). In

10.3389/fimmu.2025.1643615

our experimental setting, the sorted primary CD19" cell population

comprised over 70% naive B cells and approximately 20% memory

B cells. Flow cytometric analysis revealed an increase in plasma cell

phenotype (CD138" FSC"&") across different stimulation time
points. To further validate the identity of the induced plasma
cells, qRT-PCR was performed. Among the B cell identity genes
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FIGURE 5 (Continued)

RUNX1 interference in induced plasma cells progression. (A) Schematic representation of the experimental workflow for plasma cell induction.
Primary CD19" B cells were isolated and cultured in the presence of CD40L, IL-4 and IL-21 for 12 days to induce plasma cell differentiation in vitro.
From days O to 3, cells were stimulated with IL-4 and sCD40L to induce B cell activation and proliferation. From day 4 onward, IL-21 and sCD40L
were added to promote terminal differentiation into plasma cells. Fresh cytokines were replenished every two days throughout the culture period.
White arrows mark the two rounds of siRNA transfection performed within the first two days. Red arrows indicate replenishments with culture
medium containing IL-4 and soluble CD40L, whereas black arrows indicate replenishments with medium containing IL-21 and soluble CD40L
during the 11-day culture period. Green circles represent time points for sample collection and analysis. (A-C) Bar chart illustrates the relative
expression of B cell identity genes in the uninduced primary B (day 0) and differentiating B cells (day 11) in healthy donors. (B-D) Real-time
quantitative PCR for plasma cell induction experiment. (B) Bar plot illustrates the expression levels of B cell identity genes: BACH2, BCL6, and PAX5
in primary B cells and induced plasma cells harvested on day 11. A significant increase in BCL6 expression was observed in induced plasma cells,
while a significant decrease was detected in the expression levels of BACH2 and PAXS5. (C) A significant decrease in IRF4 expression was observed in
induced plasma cells, whereas BLIMP1 expression showed a significant increase. (D) Bar chart illustrates the relative expression levels of total RUNX1
and RUNX1 isoforms (RUNX1a, RUNX1b, and RUNX1c) in primary B cells and induced plasma cells. A significant decrease in RUNX1c expression was
observed in induced plasma cells, while no significant differences were detected in the expression levels of RUNX1a and RUNX1b. No significant
differences were detected in the expression levels of XBP1. (E-J) Flow cytometrical analysis of B cell differentiation following siRNA transfection.
CD19" B cells were transduced twice with control-siRNA or RUNX-siRNA, before B cell activation and plasma cell induction. (E) Histogram shows
RUNX1 expression in the primary B cells at different days after two rounds of treatment with control or RUNX1 siRNA silencing. Blue histogram:
Control-siRNA, red histogram: RUNX1-siRNA. (F) Bar chart and trendline show the ratio of RUNX1 MFI reduction in RUNX1-siRNA treated cells over
control cells. (G) Flow cytometrical data shows the percentages of CD138* FSC™9" cells among CD19*-gated cells at different days after induction.
(H) Chart illustrates the percentages of CD138" FSCM9" cell at different days following induction in the presence of control or RUNXL silencing. (1)
Flow cytometrical data shows the percentages of CD138" FSC™9" plasma cells among CD19* CD27* CD38*-gated cells at different days after
induction. (J) Chart illustrates the percentages of differentiating B among CD19" CD27" CD38*-gated cells in the presence of control or RUNX1

silencing. Statistical analysis was performed using a Student's t-test (*P<0.05, **P < 0.01). For (E, G), comparisons were made between RUNX1

knockdown and control samples at each time point of analysis.

examined, BACH2 and PAX5 were significantly downregulated in
the induced plasma cells, while BCL6 was upregulated at 1.5-fold
(Figure 5B). Additionally, plasma cell identity genes BLIMPI and
XBPI were significantly upregulated in the induced plasma cells.
However, IRF4 showed downregulation in the induced plasma cells
(Figure 5C). When RUNXI1 level was examined, both RUNX1a and
RUNXIb isoforms were upregulated, accompanied by decreased
RUNXIc isoform (Figure 5D). The total RUNX1 level was elevated,
but not statistically significant, in induced plasma cells compared to
naive B cells, consistent with observations in the human system.

RUNXI1 was transiently knocked down using siRNA in B cells
prior to plasma cell induction. Both control and RUNXI1-targeting
siRNA were administered twice over a 48-hour period to human
CD19" B cells, and cells were subsequently analyzed at multiple
time points (Figure 5A). The efficiency of RUNX1 knockdown was
assessed by flow cytometric analysis, which showed that RUNXI1
suppression was evident on day 0 but subsided at day 3 (Figures 5E,
F). No detectable suppression of RUNX1 was observed from day 8
onwards. Specifically, RUNX1 MFI decreased by a ratio of 0.13 +
0.05 (corresponding to a reduction of 56 + 27 MFI units) on day 0
compared to the control. By day 3, the ratio of RUNXI reduction
had declined to 0.08 + 0.04 (reduction of 22 + 12 MFI units), while
reductions on subsequent days were minimal.

The percentages of differentiating B cells, as shown by CD19"
FSC"&" CD138" population, increased gradually from day 3 to day
11 in the control-siRNA treated cells (Figures 5G, H). Notably, cells
transfected with RUNX1-targeting siRNA exhibited a slower rise in
the percentages of CD19* FSC"8" CD138" population. On day 3,
the proportion of differentiating B cells was significantly lower in
RUNXI1-siRNA-treated cells (12.6 + 0.4%) compared to control
(17.2 £ 2.9%; P = 0.0130). However, no significant differences were
observed at later time points: 19.9 + 1.6% vs. 22.0 £ 2.3% on day 9,
and 41.4 +2.5% vs. 41.0 = 1.2% on day 11 for RUNX1- and control-
siRNA treated cells, respectively. This short-term effect was likely
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due to the transient nature of siRNA-mediated knockdown, which
typically lasts for approximately 3 days. Notably, the gated CD19"
FSC"8" CD138" population also displayed CD38" and CD27*
phenotype, indicative of their activation capacity (Supplementary
Figure S5).

To further confirm the lineage identity of the FSC™¢" CD138*
population as differentiating B cells, we analyzed their proportion
within the CD19" CD38" CD27"-gated cells. The percentage of
CD19" CD38" CD27" FSC™&" CD138" cells increased progressively
over the 11-day stimulation period (Figures 51, J). RUNX1-siRNA-
treated cells consistently showed a slower increase in differentiating
B cell percentages, with a lower value at day 3 compared to the
control (28.8 + 4.8%, P = 0.0602). This trend persisted through
days 8 and 11, although the differences did not reach
statistical significance.

Discussions

This study provides novel insights into the phenotypic
landscape and molecular regulation of B cell differentiation in
MM, with a particular focus on the dynamics of plasma cell
populations and the expression of RUNXI1 transcription factor.
The immunophenotyping data reveal a significant expansion of
CD19™ FSCM¢" CD20" CD27* CD38" CD138"&" plasma cells in
the bone marrow of MM patients, consistent with the
pathognomonic accumulation of malignant plasma cells in this
hematological malignancy. Notably, while peripheral blood showed
similar trends, these changes did not reach statistical significance,
likely reflecting the bone marrow-centric nature of MM pathology.
Human bone marrow plasma cells represent a heterogeneous
population comprising distinct subsets, from newly arrived
antibody-secreting cells to long-lived plasma cells, characterized
by unique surface markers and transcriptomic profiles (34). The
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classification of plasma cell subpopulations further uncovered
elevated proportions of pre-plasma and plasma cells in MM bone
marrow. These findings are aligned with the notion that MM arises
from aberrant plasma cell differentiation and suggest that both pre-
terminal and terminal plasma cell states are dysregulated in MM.

Linear regression analysis showed no significant correlations
between age and naive B cells, memory B cells, activate B cells, pre-
plasmablasts, plasmablasts, or plasma cells in MM patients. These
findings suggest that the distribution of circulating B cell subsets
remains relatively stable within the studied age range. Although
aging can impact immune function through reduced B cell
lymphopoiesis and repertoire diversity, the relative proportions of
peripheral B cell subsets may not be affected (35-37). Therefore, the
observed differences in B cell subset composition in MM patients
are unlikely to be confounded by age-related changes.

RUNXI, also known as AMLYI, is a critical hematopoietic inducer
in hematopoiesis. Loss of RUNXI impaired the development of
CD43" and CD235"CD45&" hematopoietic cells (38). RUNX1 and
its family members also play roles in lymphocyte development and
differentiation (21, 39). A key highlight of this study is the progressive
upregulation of RUNXI1 expression during B cell differentiation.
RUNXI1 levels were low in naive, memory, and activated B cells,
but increased substantially from the plasmablast stage and remained
elevated in both pre-plasma and plasma cells. This stepwise increase
pattern was consistent in both bone marrow and peripheral blood,
suggesting that RUNX1 may play a crucial role in supporting or
sustaining late-stage B cell differentiation. Notably, RUNXI
expression was significantly elevated in plasmablasts derived from
MM patients compared to those from healthy donors. Interestingly,
the consistently elevated expression of RUNXI in plasmablasts at
early stages raises the possibility of its involvement in early event in
MM disease evolution. Furthermore, higher RUNXI1 levels
observed in RRMM patients, despite stable overall expression
across ISS stages, suggests that RUNX1 may be reactivated or
maintained during disease recurrence, possibly contributing to
reshaping of transcriptional networks to favor tumor persistence.
Besides, RUNXI interaction with lenalidomide-sensitive pathways
via interacting with Ikaros family zinc finger proteins (IKZF), further
supports its involvement in relapse biology (40). This is consistent
with studies showing that RUNXI contributes to hematologic
malignancies by enhancing abnormal proliferation and survival (19,
20). Interestingly, RUNX1 can be toggled between tumor suppressor
and a classical oncogene, by synergistic interaction with the internal
tandem duplications (ITDs) in the FLT3 receptor tyrosine kinase
programs (41). These findings underscore the need to investigate
RUNXI1 expression longitudinally, including in premalignant
samples, to determine whether its upregulation precedes full
malignant transformation and contributes to relapse or
therapeutic failure.

Although overall RUNXI levels in bone marrow plasma cells did
not differ significantly between MM patients and controls, the marked
upregulation in the plasmablast subset suggests a potential pathogenic
role for RUNXI at an earlier stage of malignant differentiation. These
findings support the notion that RUNX1 plays a key regulatory role in
plasma cell differentiation. The progressive upregulation of RUNXI
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across transitional B cell subsets suggests its involvement in reinforcing
the plasma cell transcriptional program. This is consistent with
previous studies demonstrating that lineage-defining transcription
factors are dynamically regulated during B cell maturation to
coordinate exit from the germinal center and acquisition of plasma
cell identity (42, 43). RUNX1 may function in concert with other
regulators such as BLIMP1 and XBP1 to stabilize the terminal
differentiation state, highlighting its potential role not only as a
marker but as an active driver of plasmacytic fate. This hypothesis
was supported by estimation plot analysis, which confirmed higher
RUNXI expression in plasma cells compared to naive B cells in
each individual.

RUNZXI exists in three major isoforms, i.e. RUNX1a, RUNXI1b,
and RUNXIc, which are generated through alternative promoter
usage and differential splicing. RUNXIa is the shortest isoform,
composed primarily of the Runt DNA-binding domain but lacking
the C-terminal transactivation domain, allowing it to act as a
dominant-negative regulator of full-length RUNX1 isoforms (44,
45). In contrast, RUNX1b and RUNXIc are longer isoforms that
possess both the DNA-binding and transactivation domains,
enabling them to activate transcription of target genes involved in
cell proliferation, differentiation, and survival. Among these
isoforms, RUNX1b is most abundantly expressed in both T and B
lymphocytes and is considered the predominant functional isoform
during lymphoid development (32, 46, 47). RUNXlc, which is
transcribed from a distal promoter, is also expressed in
lymphocytes but is more restricted and typically induced during
late stages of hematopoietic differentiation, particularly in
thymocytes and activated B cell. RUNXIa, while detectable in
early progenitor cells, is less expressed in mature lymphocytes
and is believed to play a regulatory role by modulating the
activity of the longer isoforms.

Given that the highest RUNX1 expression was observed in pre-
plasma and plasma cell populations, and not in other B cell subsets or
non-B cells, it is plausible that RUNX1 functions as a lineage-defining
transcription factor rather than a marker of clonal evolution or
disease severity. This is consistent with the observed upregulation
of RUNX1 during in vitro plasma cell differentiation and the delayed
plasma cell formation following transient RUNX1 knockdown,
further supporting its role in promoting or stabilizing the plasma
cell phenotype. However, while the lack of stage-specific differences
reduces the likelihood of RUNXI being a biomarker for disease
progression or relapse, it does not preclude its involvement in MM
pathogenesis. For instance, RUNX1 may act as a permissive factor
required for the establishment of the malignant plasma cell state, but
once this identity is acquired, its expression may plateau and remain
stable across disease stages. Furthermore, the potential influence of
the bone marrow microenvironment, genetic mutations, or post-
translational modifications on RUNXI function remains unexplored.
Interestingly, RUNX1 and RUNX3 interact with Ikaros family zinc
finger protein 1 (IKZF1) and IKZF3 to prevent their lenalidomide-
induced degradation, and inhibiting RUNX proteins enhances
immunomodulatory imide drugs (IMiD) sensitivity in multiple
myeloma, offering a promising strategy to overcome drug
resistance (40). Future investigations using larger, genomically
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stratified cohorts and functional models are needed to dissect
whether RUNX1 collaborates with oncogenic pathways, such as
MYGC, to support MM cell survival or immune evasion. RUNXI
has an oncogenic role in T-cell acute lymphoblastic leukemia by
altering Myb and Myc enhancer activity (48). Therefore, longitudinal
studies assessing RUNXI1 expression from diagnosis through
treatment and relapse may provide insight into its potential role in
minimal residual disease or therapeutic resistance.

In the B cell lineage, RUNXI has been shown to cooperate with
other transcription factors, such as E2A and EBFI, to regulate key
checkpoints in early B cell development and influence the balance
between self-renewal and differentiation (49). Notably, recent
findings demonstrate that RUNXI1 also integrates external signals
from the microenvironment to modulate chromatin accessibility at
critical enhancer regions, suggesting a role in epigenetic priming of
differentiation programs (50). These insights align with our
observations that RUNXI1 is upregulated during late B cell
differentiation and may function as a pivotal regulator of
plasmablast transition. Interestingly, study has shown that IgA
production is markedly impaired in B cells lacking both RUNX2
and RUNX3 as the induction of o germline transcription by retinoic
acid and transforming growth factor-betal (TGF-B1) is completely
abrogated (51).

The functional role of RUNXI in plasma cell differentiation was
substantiated through in vitro siRNA-mediated knockdown
experiments. Mechanistically, RUNXI silencing led to a delayed B
cell differentiation trajectory, as indicated by slower emergence of
CD138"8" FSCM" cells. Concurrently, the expression of canonical
plasma cell transcriptional regulators such as BLIMP1 and XBP1
was upregulated, while B cell-associated genes like BACH2 and
PAXS5 were downregulated, indicating a loss of naive B cell identity
accompanied by the acquisition of plasma cell characteristics (52).
While an early reduction in CD138" plasma cells was observed,
both RUNXI expression and plasma cell differentiation gradually
recovered over time. This rebound is likely attributable to the
temporary or transient nature of siRNA-mediated knockdown.
This highlights the key limitation of transient knockdown
approaches in long-term differentiation assays and emphasizes the
need for more durable gene silencing tools, such as CRISPR-Cas9-
mediated gene editing or stable expression of short hairpin RNA
(shRNA), to fully delineate the functional role of RUNXI in the
future. Besides, the two rounds of siRNA transfection within the
first 48 hours caused severe cell disruption and death, potentially
triggering a bystander activation effect and leading to activation of
the remaining cells. Hence, the culture medium was replenished
frequently every 2 days to remove dead cells and debris.

The observed reduction in CD138" plasma cells following RUNX1
knockdown suggests a potential delay in B cell differentiation during
the late stages of in vitro B cell differentiation. This finding supports the
role of RUNXI as a positive regulator of plasmablast and plasma cell
development. Nevertheless, the observed decrease in plasma cell
percentages could also be attributed to alternative mechanisms, such
as impaired B cell proliferation or enhanced apoptosis, both of which
remain plausible explanations. Unfortunately, detailed analyses to
dissect these possibilities were not feasible in the current
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experimental setup due to extensive cell death following the
transfection process, which limited cell recovery. To elucidate the
precise role of RUNXI in plasma cell differentiation, future studies
employing optimized transfection protocols or alternative gene
silencing strategies with lower cytotoxicity are warranted.
Incorporating cell viability, proliferation, and apoptosis assays in
subsequent investigations will be critical in distinguishing between
defects in differentiation and survival, thereby strengthening the
mechanistic understanding of RUNX1 function in B cell biology.

In conclusion, this study underscores a significant expansion of
plasma cell populations in MM bone marrow, accompanied by
dynamic changes in RUNXI1 expression during late B cell
differentiation. The elevated expression of RUNXI in MM
plasmablasts, coupled with delayed plasma cell formation upon
RUNXI knockdown, suggests that RUNX1 plays a critical regulatory
role in the transition from B cells to plasma cells. Although RUNX1
levels were not stage-specific, its early induction may represent a key
molecular event in plasma cell differentiation and possibly
myelomagenesis. The persistence of RUNXI1 expression across MM
stages and isoform shifts in differentiating B cells underscore the need
to investigate RUNX1 not merely as a marker of differentiation but as
an active orchestrator of lineage-specific transcriptional landscapes in
both normal and malignant plasma cell contexts. These findings
provide a compelling rationale for further exploration of RUNX1 as
a potential biomarker or therapeutic target in MM.
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