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Abstract

Introduction: Rare primitive stem cell-like populations have been proposed
to persist in adult tissues, including peripheral blood; however, their
biological properties remain incompletely understood. In the present study,
we investigated whether small peripheral blood—derived pluripotent-like cells,
termed small pluripotent stem cells (SPSCs), possess an intrinsic capacity for
spontaneous three-dimensional self-organization under minimal physiologic
culture conditions.

Methods: Peripheral blood—derived cells enriched using the Ogéus Sparq
cells® platform were cultured under non-adherent conditions in either
autologous plasma or isotonic saline without the addition of conventional
pluripotent stem cell media or exogenous growth factors. Aggregate formation
was monitored using brightfield microscopy over 72 h, while nuclear
organization was evaluated using Hoechst staining. Immunofluorescence
analysis was performed to assess the expression of pluripotency-associated
markers SSEA-4 and SOX2.

Results: SPSCs reproducibly formed compact embryoid body (EB)-like
aggregates when maintained in autologous plasma, with early clustering
observed within 12 h and well-defined spheroidal structures appearing by
24-48 h. By 72 h, aggregates typically measured approximately 150-220 um
in diameter. Hoechst staining revealed dense and relatively homogeneous
nuclear organization throughout the aggregates, supporting the presence
of a compact cellular architecture rather than hollow or necrotic cores.
Immunofluorescence demonstrated SSEA-4—associated membrane staining
and nuclear SOX2 expression within EB-like structures. In contrast, cells
maintained in isotonic saline remained largely dispersed and failed to form
comparable aggregates.

Conclusions: These findings provide morphological and molecular evidence
that small peripheral blood—derived cells can undergo spontaneous EB-like
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Introduction

Pluripotent stem cells are defined by their ability to
self-renew and differentiate into derivatives of all three
embryonic germ layers [1]. Traditionally, pluripotency
has been associated with embryonic stem cells or induced
pluripotent stem cells generated through genetic or epigenetic
manipulation [2]. However, an increasing body of literature
suggests that rare, developmentally primitive cell populations
may persist in adult tissues, including peripheral blood.

Several studies have described very small embryonic-like
stem cells (VSELs) and other small stem cell populations
in adult organisms, often characterized by small size and
reported expression of pluripotency-associated factors
such as OCT4, SSEA-4, NANOG, and SOX2. While the
biological significance and interpretation of these findings
remain debated, multiple reports propose that such cells may
represent a quiescent, stress-responsive population mobilized
by tissue injury or physiological stress [3-5]. However,
whether small circulating pluripotent-like cells in adult
peripheral blood possess intrinsic self-organizing properties
comparable to classical pluripotent stem cells remains largely
unexplored.

In our previous work, we demonstrated that a
population of small peripheral blood—derived cells enriched
using a minimally manipulative protocol expressed the
aforementioned pluripotency-associated markers OCT4,
SSEA-4, SOX2, and NANOG [6]. In the present study, the
term small pluripotent stem cells (SPSC) is used to describe
this enriched population of small peripheral blood—derived
cells obtained using the Ogéus Sparq cells® workflow and
previously characterized by expression of pluripotency-
associated markers.

Although marker expression alone does not establish
functional pluripotency, these observations supported the
rationale to further investigate whether adult peripheral
blood may harbor cells with intrinsic pluripotency-associated
properties.

A classical in vitro hallmark of pluripotent stem cells
is their capacity to self-organize into three-dimensional
embryoid bodies (EBs) under non-adherent conditions [7].
EB formation reflects intrinsic cell-cell interactions and
developmental programs and is widely used as an early
indicator of pluripotency-associated behavior prior to directed
differentiation assays. Importantly, EB-like self-organization
can be assessed even before tri-lineage differentiation is
performed, provided the interpretation is framed carefully
as morphological and marker-based evidence rather than
definitive functional proof [8].

In the present study, we sought to extend prior findings
by investigating whether peripheral blood—derived small
pluripotent stem cells (SPSC) demonstrate spontaneous
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EB-like aggregation under minimal culture conditions.
Specifically, we examined (i) aggregation dynamics and
growth over time, (ii) nuclear organization within EB-like
structures, and (iii) organized expression of the pluripotency-
associated markers SSEA-4 and SOX2 in aggregates
formed without conventional pluripotent stem cell media or
exogenous growth factor supplementation.

Methods

Cell isolation and plasma-based culture (Ogéus
Sparq cells® platform)

Peripheral blood—derived cells were processed using the
Ogéus Sparq cells® platform, a proprietary, non-expansive
workflow developed to enrich and preserve small circulating
cell populations under minimally manipulated conditions.
The resulting enriched cell fraction is referred to in this study
as small pluripotent stem cells (SPSC).

Briefly, peripheral whole blood (typically 60 mL in
anticoagulant-containing tubes) was subjected to differential
centrifugation according to our previously published cold-
enrichment protocol [6]. Key steps included:

— [Initial centrifugation at 600 x g for 10 min at room
temperature to separate plasma and cellular components.

— Transfer of the autologous plasma supernatant to new
tubes.

— Subsequent centrifugation of the plasma supernatant at
1200 x g for 10 min at room temperature to pellet small
cell populations while preserving viability.

— Controlled cooling of the enriched fraction to 4.5 °C for
4.5 hours for stabilization.

The final enriched pellet was gently resuspended in
0.5 mL autologous plasma (or isotonic saline for control
conditions) at a concentration of approximately 1-5 x 10°
cells/mL, estimated using an automated cell counter (Luna™,
Logos Biosystems). Cells were immediately plated in ultra-
low attachment 24-well plates and maintained under non-
adherent conditions at 37 °C in 5% CO: (Thomas Scientific
Midi 40 CO: incubator) without addition of exogenous
growth factors or conventional pluripotent stem cell media,
allowing observation of spontaneous self-organization under
minimal physiologic conditions.

For full methodological details, including exact volumes,
buffers (if any), and quality control steps, refer to Ogéus and
Roos [6].

All human peripheral blood samples used in this study
were obtained from commercially available donor blood
sources. All blood products were collected by licensed
blood banks under standard donor consent procedures for
research use. Samples were provided in anonymized form
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and contained no identifiable donor information. The present
study involved only in vitro analysis of previously collected
biological material.

Formation of EB-like aggregates and monitoring

Aggregation was monitored at baseline and after 12, 24,
48, and 72 hours using brightfield microscopy. Aggregate
morphology (cluster formation, compaction, and spheroid
appearance) was documented, and aggregate diameters
were measured using calibrated microscopy images when
applicable.

Nuclear staining

To visualize nuclear organization and assess whether
aggregates represented cellular structures rather than debris,
live nuclear staining was performed using Hoechst 33342.
NucBlue™ staining was applied at endpoint when applicable.

Immunofluorescence staining

Aggregates were fixed in situ using a commercially
available fixative solution (Invitrogen 4% Paraformaldehyde
Fixative Solution in PBS) and processed directly in 24-well
plates to preserve aggregate integrity. After washing and
blocking, immunofluorescence staining was performed using
the following primary antibodies:

* SSEA-4 (surface marker)
* SOX2 (nuclear transcription factor)

Appropriate species-specific Alexa Fluor—conjugated
secondary antibodies were applied. For SOX2 staining, a
brief permeabilization step (0.1% Triton X-100 in PBS) was
performed prior to antibody incubation. All staining steps
were performed using sufficient buffer volumes and gentle
handling to minimize mechanical disruption of aggregates.

Imaging

Fluorescence imaging was performed using fluorescence
microscopy. Images were captured using a Magus Lum D400
fluorescence microscope with a MAGUS CLM30 digital
camera. The images were captured with acquisition of single-
channel images and merged overlays (including brightfield
where applicable) to evaluate co-localization patterns and
aggregate architecture.

Experimental design and reproducibility

Experiments were performed using peripheral blood
obtained from commercial blood bank sources. Blood
samples originated from at least five independent donors
(approximately 60 mL per donor) and were used to assess
reproducibility across biologically independent samples. All
samples were provided in anonymized form. Cell preparations
from each donor were processed using the same protocol and
distributed across a total of 24 wells under identical culture
conditions.
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The exact time interval between blood collection and
experimental processing could not be determined, as
samples were obtained from commercial blood bank sources.
However, all samples were handled under standard blood
bank storage conditions prior to use.

Results

Spontaneous EB-like aggregation and growth over
time

Within 12 hours of incubation under non-adherent
conditions, SPSC began forming small multicellular clusters.
Over time, clusters progressively compacted, resulting in
well-defined, spherical, three-dimensional aggregates by
approximately 24-48 hours. By 72 hours, aggregates typically
reached diameters of approximately 150-220 pm, consistent
with early EB-like structures.

The apparent reduction in aggregate number over time
likely reflects progressive compaction and fusion of smaller
clusters into larger EB-like structures, a phenomenon
commonly observed during early embryoid body formation.

Brightfield imaging demonstrated spheroidal EB-like
aggregates with a prominent central dark region in many
structures. This appearance prompted further assessment of
whether the central region represented a hollow lumen, a
necrotic core, or a densely cellular architecture (Figure 1).

Baseline (0 ) 12n

10 um 0 50 100 um

Figure 1: Brightfield image showing early multicellular SPSC
aggregates after 12 h of incubation under plasma conditions. Scale
bar: 100 um.

Quantitatively, hundreds of aggregates were already
observed per well at early time points under plasma conditions.
The diameter of these aggregates progressively increased from
approximately 1-5 um at baseline to approximately 150-220
um by 72 hours. In contrast, cells maintained in isotonic
NaCl remained largely dispersed throughout the observation
period and did not demonstrate measurable aggregate growth.
Qualitative overview of aggregation dynamics is summarized
in Table 1, with quantitative measurements provided in Table
2.

Nuclear organization indicates a compact cellular
core

To determine the cellular nature of EB-like aggregates
and specifically interpret the central dark region observed
in brightfield imaging, nuclei were visualized using Hoechst
staining. Hoechst imaging revealed a high density of discrete,
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Aggregate number per

Time point Condition well

Baseline Plasma >1000 aggregates
12h Plasma >500 aggregates
24 h Plasma >300 aggregates
48h Plasma >200 aggregates
72h Plasma >100 aggregates
Baseline Nacl dispersed cells
72h Nacl dispersed cells
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Aggregate diameter

(pm) Morphology

1-5 pm small clustered cells

10-40 pm early multicellular clusters

60-120 ym compact spheroidal
aggregates

120-180 pm EB-like structures

150-220 pm mature EB-like aggregates

1-5 pm no aggregation

1-5 pm no aggregation

Table 1: Temporal dynamics of SPSC aggregation under plasma and saline conditions. Under plasma conditions, a large
number of small aggregates were observed at baseline, which progressively compacted and increased in diameter over time.
In contrast, cells maintained in isotonic NaCl remained dispersed and did not demonstrate measurable aggregation or growth.

Hoechst-positive nuclei throughout the EB-like structures,
including the central region. Nuclear fluorescence intensity
was remarkably homogeneous across central and peripheral
regions, indicating intact nuclear architecture and comparable
DNA content throughout the aggregates. The detection of
discrete Hoechst-positive nuclei within these structures
indicates the presence of DNA-containing cellular units
rather than extracellular vesicles or platelets.

This uniform nuclear signal argues against a hollow
lumen and is inconsistent with necrosis, debris, or acellular
material, which would be expected to produce heterogeneous,
fragmented, or absent nuclear fluorescence (Figure 2,3).

Baseline {0 h)

12h

0 25 10um 0 50 100um

Figure 2: Early EB-like cluster aggregates with Hoechst-positive
nuclei could be seen at 12h using fluorescent microscopy. Scale bar:
100 um.

Collectively, these findings support the interpretation that
the brightfield “dark core” corresponds to a densely packed,
nucleus-rich cellular core rather than an empty cavity or
degenerative center.

Given the exceptionally small size of the constituent cells
(approximately 1-5 um), a very high nuclear packing density
would be expected. Such dense packing would also increase

light attenuation in brightfield imaging, providing a plausible
optical explanation for the central dark appearance even in
aggregates that remain viable and highly cellular (Figure 4).
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Figure 3: Development over time using both brightfield microscopy
and Hoechst staining in fluorescent microscopy. Scale bar: 200 pm.
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Figure 4: 72h pictures both brightfield microscopy and Hoechst
staining in fluorescent microscopy. Scale bar: 300 um.
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Expression of pluripotency-associated markers
within EB-like aggregates

Immunofluorescence analysis demonstrated organized
expression of pluripotency-associated markers within and
adjacent to EB-like structures.

SSEA-4: SSEA-4-associated signals were observed as
discrete, punctate membrane-associated staining, frequently
localized to peripheral regions of EB-like aggregates and
in closely associated clustered cells. This distribution
is consistent with a surface epitope in compact three-
dimensional structures, where antigen accessibility is often
greatest at the aggregate boundary.

S0X2: SOX2 immunoreactivity was observed as discrete
intracellular signals compatible with nuclear localization in a
subset of cells. Co-localization with Hoechst-positive nuclei
supported nuclear SOX2 expression within densely packed
cellular regions of EB-like aggregates.

Merged images demonstrate EB-like structures with
abundant nuclear staining together with SSEA-4 and/or SOX2

Parameter 12h
Mean aggregate diameter 31.6 x99
(um)

Mean aggregate number per 6334 +91.9
well

SOX2-positive cells (%6) 37.2 £ 20.7
SSEA-4-positive cells (%) 295 + 16.2

Volume 10 « Issue 2 | 124

signal, supporting the presence of a pluripotency-associated
subpopulation within spontaneously formed aggregates.

To quantitatively assess aggregation dynamics, aggregate
diameter and aggregate number per well were measured
across time points. Mean aggregate diameter increased
progressively from 12 h to 72 h, while the number of
aggregates per well decreased, consistent with progressive
compaction and fusion of smaller clusters into larger EB-like
structures. Semi-quantitative analysis of immunofluorescence
images further confirmed the presence of SOX2-positive and
SSEA-4-positive cells within aggregates. The quantitative
summary is presented in Table 2.

Reproducibility across multiple aggregates within
the same field

At 72 hours, SOX2-positive nuclei were observed across
multiple EB-like aggregates within the same field of view,
indicating that SOX2 expression was not restricted to a
single structure but occurred reproducibly across several
independently formed aggregates (Figure 5,6).

24 h 48 h 72h
93.0£16.5 155.1 £ 22.7 190.3 = 20.6
358.0 £45.9 237.3 + 33.1 114.6 £ 141
475183 36.7 + 84 48.5 * 23.7
344 £23 285 %159 553 247

Table 2: Data are presented as mean =+ standard deviation (SD). Aggregate diameter measurements were obtained from 23 representative
aggregates per time point. Aggregate number per well was determined across 24 independent wells. Marker-positive cells were estimated
by semi-quantitative analysis of immunofluorescence images relative to total Hoechst-positive nuclei. Experiments were performed using
anonymized blood obtained from at least five independent donors sourced from a licensed blood bank.

Ve B
250 ym 250 pm

Figure 5: 72h pictures of a single EB-aggregate, A) Brightfield
microscopy B) Hoechst and brightfield merged. Scale bar: 250 um.

[ 150 250 um

Figure 6: 72h pictures, SSEA-4 (green) and SOX2 (red) merged
with Hoechst. Scale bar: 250 um.
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Discussion

EB-like self-organization under minimal, plasma-
based conditions

In the present study, peripheral blood—derived SPSC
demonstrated a reproducible capacity to spontanecously self-
organize into compact EB-like three-dimensional aggregates
under minimal culture conditions. Notably, this behavior
was observed in autologous plasma without addition of
conventional pluripotent stem cell media or exogenous
growth factors. This suggests that at least a subset of the cell
population possesses intrinsic survival and organizational
properties sufficient to support early EB-like aggregation.

Notably, aggregation occurred in autologous plasma
without the use of conventional pluripotent stem cell media
or exogenous growth factors, suggesting that physiologic
plasma conditions alone may provide sufficient cues to
support early three-dimensional organization.

In established EB protocols, aggregate formation is
typically performed under defined conditions and often
involves media formulations designed for pluripotent stem
cells (e.g., factors such as bFGF, TGF-B modulation, or
defined serum replacements) [9,10]. In contrast, autologous
plasma represents a physiologically relevant environment
containing a complex mixture of proteins, metabolites, lipids,
extracellular vesicles, and endogenous signaling molecules
[11-13]. Although the present study does not dissect
mechanisms, the observation that EB-like self-organization
occurred in plasma raises the possibility that endogenous
plasma components may provide sufficient cues to support
early embryonic-like organization in small circulating
pluripotent-like cells.

Interpretation of marker patterns in compact 3D
aggregates

The observed marker distribution patterns are biologically
coherent with compact EB-like structures. SSEA-4 signals
were predominantly peripheral and patchy, which is
commonly seen in three-dimensional aggregates where
surface epitopes are more accessible at the periphery and
where spatial gradients develop during early maturation
[13,14]. SOX2 staining was punctate and heterogeneous,
consistent with two non-exclusive explanations: (i) limited
antibody penetration in compact 3D structures, and (ii)
emergence of cellular heterogeneity during early aggregate
maturation. Importantly, such spatially restricted SOX2
patterns have been reported in EB-like systems and do not
inherently contradict pluripotency-associated properties.

The “dark core” reflects high cellular density rather
than lumen/necrosis

Central dark regions in spheroidal aggregates are
sometimes interpreted as luminal cavities or necrotic cores,
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particularly in larger embryoid bodies [15,16]. Here, however,
the presence of dense, discrete, uniformly intense Hoechst-
positive nuclei throughout the EB-like structures — including
the central region — provides compelling evidence that the
aggregates are highly cellular and maintain nuclear integrity
across the structure. Hoechst dyes bind double-stranded DNA
and require intact nuclear architecture; necrotic or acellular
regions would be expected to exhibit reduced, fragmented, or
heterogeneous fluorescence rather than uniform signal.

Given the exceptionally small constituent cell size
(approximately 1-5 pm), the observed architecture implies an
unusually high packing density. Consequently, these EB-like
structures may contain substantially higher cell numbers than
conventional embryoid bodies of similar diameter formed by
larger pluripotent stem cells. This is proposed as a plausible
inference based on size and packing, but future work using
direct cell counting per aggregate would be needed to quantify
cell numbers.

Converging evidence with prior OCT4A/NANOG
observations

The present findings complement prior observations of
OCT4A and NANOG expression in cells enriched using the
same workflow. Taken together, the combined expression
of OCT4A, NANOG, SOX2, and SSEA-4, along with
reproducible EB-like self-organization and growth over
time, supports the presence of a pluripotency-associated cell
population within adult peripheral blood [17-19]. Alternative
explanations such as aggregation of heterogeneous circulating
cell populations cannot be excluded and will require further
investigation using lineage tracing or single-cell analysis.

Similar small pluripotency-associated cell populations
have previously been described in adult tissues and bone
marrow as very small embryonic-like stem cells (VSELSs),
characterized by small size and expression of pluripotency
markers such as OCT4 and SSEA antigens [20,21].

Although the existence and functional pluripotency of
very small embryonic-like stem cells (VSELs) and related
populations have been debated in the literature for over two
decades, recent independent reviews highlight accumulating
evidence supporting their presence in adult tissues and
their potential role in tissue homeostasis and repair. In
particular, an updated 2025 review by Thetchinamoorthy
and Ratajczak synthesizes data from the original discovery
team as well as independent laboratories, emphasizing
VSELs' broad differentiation capacity and emerging
applications in regenerative medicine [22]. These converging
observations align with our findings of spontaneous EB-
like self-organization in peripheral blood-derived SPSCs
under physiologic plasma conditions, providing additional
morphological support for the concept ofrare, developmentally
primitive cells persisting in adult circulation.
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Environmental dependence of aggregation and
mechanistic implications

A clear environmental dependence of aggregation
behavior was observed when comparing SPSCs incubated
in autologous plasma supernatant versus isotonic saline over
72 hours. Cells maintained in isotonic NaCl remained largely
dispersed, displaying only isolated Hoechst-positive nuclei
without evident formation of multicellular aggregates (Figure
S1). In contrast, cells incubated in plasma rapidly formed
clearly defined, compact multicellular clusters with increased
nuclear density and progressive spatial organization (Figure
S2).

Similar aggregation behavior was observed across
multiple independent donor samples, suggesting that potential
variability in storage time did not substantially influence the
observed results.

While the use of commercially sourced blood introduces
variability in pre-analytical conditions, the consistent
observation of organized EB-like aggregation across
multiple independent donor samples, together with the
presence of intact Hoechst-positive nuclei and pluripotency-
associated marker expression, argues against the possibility
that these structures represent random debris, extracellular
vesicles, or platelet aggregates, although definitive lineage
characterization will require further functional validation
(Figure S3).

This marked divergence strongly suggests that aggregation
is not a passive consequence of cell concentration,
sedimentation, or random mechanical collision. If clustering
were purely stochastic, similar aggregate formation would be
expected under both conditions. Instead, the data indicate that
biological cues present in physiological plasma — but absent
in saline — actively support cell survival, cell—cell adhesion,
and early three-dimensional organization [23,26].

Autologous plasma constitutes a complex, physiologically
relevant microenvironment containing adhesion-mediating
proteins (e.g., fibrinogen, fibronectin fragments), complement
components, extracellular vesicles, lipoproteins, metabolites,
and soluble signaling factors [11,23-28]. These elements
likely facilitate initial adhesive interactions, stabilize
multicellular contacts, and promote progressive compaction
and fusion of smaller clusters into larger EB-like structures
— phenomena well documented in other stem cell suspension
cultures [24,29,30].

In conventional embryoid body protocols, aggregate
formation often depends on defined media supplemented
with exogenous growth factors or matrix components
[9,10,13]. The present observation that spontanecous EB-
like self-organization occurs in unsupplemented autologous
plasma raises the possibility that endogenous plasma-derived
molecules alone can provide sufficient microenvironmental
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support to reveal intrinsic organizational properties of small
circulating pluripotent-like cells — properties that remain
undetectable under minimal salt-based conditions.

Future studies will be required to identify the specific
plasma components responsible (e.g., through depletion
experiments, proteomic profiling, or fractionation) and to
dissect the molecular drivers of this phenomenon—such as
extracellular vesicles, plasma adhesion proteins, or autocrine
signaling loops—providing further insight into whether
these aggregates represent early embryoid body-like entities
capable of maturation and lineage-specific differentiation.

Limitation: functional pluripotency requires tri-
lineage differentiation

While EB-like morphology and expression of
pluripotency-associated markers are widely used indicators
of pluripotency-associated states, they do not alone constitute
definitive proof of functional pluripotency. Confirmation
requires demonstration of differentiation potential across
ectodermal, mesodermal, and endodermal lineages.
Accordingly, future experiments will focus on transferring
EB-like aggregates to lineage-specific differentiation
conditions to assess tri-lineage differentiation capacity.

Preliminary experiments transferring these EB-like
aggregates to Matrigel-based differentiation conditions have
already demonstrated early expression of lineage-specific
markers for all three germ layers at day 6 post-plating (data
to be reported in a forthcoming study).

4Regulatory and translational considerations

The ability to observe EB-like self-organization in
autologous plasma, without exogenous growth factors or
conventional pluripotent media, is not only biologically
notable but also potentially relevant from a translational
perspective. Autologous plasma represents a patient-derived,
physiological environment and may reduce exposure to
non-physiologic components commonly used in standard
pluripotent stem cell culture systems. While regulatory
classification is context-dependent and beyond the scope
of the present study, minimizing ex vivo manipulation and
avoiding non-native additives are important considerations in
multiple regulatory frameworks.

Key Findings

* Compact EB-like structures formed within 72 h from
peripheral blood—derived small cells cultured in autologous
plasma, without use of conventional pluripotent stem cell
media.

» Brightfield imaging revealed a prominent central dark
region that corresponded to a high density of discrete,
uniformly Hoechst-positive nuclei, supporting a compact
cellular core rather than lumen/necrosis/debris.
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* SSEA-4-positive cells were consistently detected within/
adjacent to EB-like structures with punctate membrane-
associated staining.

¢« SOX2 exhibited nuclear localization in a subset of cells
and co-localized with Hoechst staining within dense
aggregate regions.

» The exceptionally small constituent cell size (=1-5 pm)
implies unusually high packing density and potentially
high cell numbers per aggregate.

Conclusion

In this study, peripheral blood—derived SPSCs
demonstrated a reproducible capacity to self-organize into
compact EB-like aggregates under autologous plasma
conditions without exogenous growth factor supplementation
or conventional pluripotent stem cell media. These EB-
like structures exhibited dense nuclear organization with
homogeneous Hoechst staining throughout the aggregate and
expressed pluripotency-associated markers including SSEA-
4 and nuclear SOX2 in spatially organized patterns.

When considered together with prior observations of
OCT4A and NANOG expression in the same cell population,
the present findings provide converging morphological
and molecular evidence supporting the presence of a
pluripotency-associated cell population in adult peripheral
blood. While the data support pluripotency-associated
properties, definitive confirmation of functional pluripotency
will require tri-lineage differentiation assays, which will be
addressed in future work.

To our knowledge, spontaneous EB-like aggregation of
small peripheral blood—derived cells under plasma-based
conditions has not previously been reported.
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Hypothesis Box

Hypothesis: Small peripheral blood—derived pluripotent-like cells possess an intrinsic capacity for self-organization into
compact EB-like structures when maintained in a physiologic plasma environment.

Rationale: Autologous plasma contains a complex mixture of endogenous signaling molecules, extracellular vesicles,
metabolites, and structural proteins that may collectively provide sufficient cues to support early embryonic-like organization.
Unlike conventional pluripotent stem cell media, plasma-based conditions may allow small pluripotent-like cells to respond

to endogenous regulatory signals closer to in vivo biology.

Testable predictions:

+  EB-like formation will be reduced or altered under fully synthetic or growth factor—depleted conditions.

* Plasma from different physiologic states (e.g., stress/hypoxia) may differentially influence aggregate formation.

*  Plasma-based culture may preserve endogenous marker expression patterns more faithfully than conventional media.

72h 72h
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Figure S1: Comparison of SPSC morphology after 72 h incubation
in different environments.

A) cells maintained in NaCl/saline show predominantly dispersed
Hoechst-positive nuclei without evident aggregation. B) cells
maintained in autologous plasma supernatant demonstrate formation
of multicellular aggregates with increased nuclear density. Scale
bar: 300 pm.
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Figure S2: 72h pictures of multiple EB-like aggregates in multiple
wells. Scale bar: 300 pm.

: | 0150 30um

Figure S3: SOX2 and SSEA-4 across multiple aggregates at 72 h.
Scale bar: 300 pm.
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