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ST 1. - Controversy

Doubts about the existence and functional role of VSELSCs share some similarities
with the skepticism that emerged during the initial studies on SCs and CSCs [1-4]. How-
ever, owing to their similar size range and morphological resemblance to specific subtypes
of extracellular vesicles (EVs) and apoptotic bodies (ABs), which also contribute to their
localization within cellular debris on scatter dot plots, these entities introduce additional
challenges related to their accurate detection and identification. EVs, ABs, and VSELSCs
have been shown to play significant roles in various life processes [5-13]. While only
VSELSCs are attributed with the abilities for growth and proliferation [14-16]. Given the
morphological similarities observed among these mentioned structures, we provide an
overview of their characteristics.

EVs are described as small membranous structures originating from cells during var-
ious biological processes [17-24]. Depending on their cell of origin, they can vary in size
and exhibit differences in their ability to interact with the environment and engage in in-
tercellular communication [17-24]. Through membrane-mediated interactions, they
transport a range of proteins, lipids, nucleic acids, and signaling molecules to cells. How-
ever, it's not typical for EVs to be completely isolated from the external environment by a
lipid membrane [17-24]. EVs encompass different types of vesicles, including: Ectovesi-
cles, which protrude from cell surfaces and may participate in intercellular communica-
tion; Exosomes, ranging from around 30 to 150 nanometers in diameter, some of which
can be identified by membrane markers and specific cellular proteins; Microvesicles, se-
creted by cells mainly in response to processes of activation, oxidative stress, or inflam-
mation, with an average size between 100 and 1000 nanometers; Apoptosomes, which
vary in size and component content based on the stage of apoptosis and the cell type, are
surrounded by a lipid membrane and contain various cellular fragments such as nuclear
remnants or organelles [17-24]. The morphological resemblance of this specific EV sub-
type to apoptotic bodies (including certain cytoplasmic elements) suggests that it could
be considered a type of apoptotic bodies, and vice versa.

ABs are typically small, round, or oval structures with mean diameters ranging from
1 to 5 micrometers, enclosed by an apoptotic membrane [25-31]. They form during the
programmed cell death process, where the cell's chromatin becomes densely compacted
[25-31]. As apoptosis progresses, the cell undergoes shrinkage, and its fragmented com-
ponents are encapsulated within vesicles. These vesicles might also be coated by an outer
membrane shell, with ABs enveloped by a double membrane [25-31]. The ABs membrane
offers a level of protection and isolation for its preserved contents from the surrounding
environment, although it does not ensure complete integrity [25-32]. As a result of apop-
tosis, early ABs might not show positive staining for 7-AAD [33]. However, in this re-
search, the VSELSCs and their morphological phenomena were not discussed [33]. The
outer membrane of ABs can exhibit specific CD surface markers. This feature is not uni-
versally consistent across all apoptotic bodies [25-31]. The presence of CDs on the mem-
brane of ABs can vary depending on factors such as cell type, stage of apoptosis, and other
elements, making it a relatively low-specific characteristic.

Human VSELSCs are cellular structures with an average size of 5-7 micrometers, dis-
playing distinct characteristic features of embryonic cells such as the ability to self-renew
and transform into various types of cell lineages [34-36]. Supporters of the existence of
VSELSCs and their significance in biology suggest that these cell stages could have a no-
table impact on regeneration processes and hold therapeutic potential [34-36]. There were
noted to be present in normal peripheral blood of young, middle-aged, and aged humans

Cancers 2023, 15, 5520. https://doi.org/10.3390/cancers15235520 https://www.mdpi.com/journal/cancers



Cancers 2023, 15, 5520

2 of 6

[37]. On the other hand, opponents highlight the absence of a clear-cut definition or uni-
versally applicable markers for their identification, making it difficult to discern them
from other cell types as well as cellular debris or artifacts. While the concept of VSELSCs
appears to be an important research area, a deeper understanding of both the biological
mechanisms and the accuracy of employed techniques is necessary for unraveling their
potential role in regeneration and diseases. However, it's worth noting that the number of
independent experimental reports confirming the presence of VSELSCs is increasing.

Cellular debris refers to scattered fragments of cells or their components that can re-
sult from disintegration, apoptosis, damage, or other cellular processes and under flow
measurements can be mistaken with living cells [38].

Identifying specific CD markers that exclusively target SCs, CSCs, LSCs, as well as
their precursors, remains challenging [36]. This stage might have the capability to fuse
with other cells, thus evading detection and entering the external environment after e.g.,
cell death [39-44]. Due to their morphology, they may be mistaken for EVs and ABs in
certain assays, and vice versa (EVs and ABs could be misidentified as these cellular
stages). The involvement of EVs and ABs in cellular developmental processes is currently
a highly active area of research, as indicated by numerous studies [45-48]. Very small cel-
lular debris, and EVs, are primarily situated in scatter-dot plot regions that are not con-
ducive to counting. EVs and ABs capable of mimicking (V)SLSLCs - measuring a few mi-
crometers in size, which contain DNA fragments resembling cell nuclei — are uncommon.
Distinguishing some of them from (V)SLSLCs might be facilitated by a round membrane,
pH environment, mature chromatin. The use of the 7-AAD dye in the sample makes it
easier to distinguish them on scatter-dot plots from events with intact membranes. Since
some types of EVs and ABs share similar sizes and contents, may exhibit the presence of
CD markers, and as shown in their early stages, may not allow the entry of 7-AAD and
similar dyes into their interior, distinguishing them from (very) small cell developmental
stages are challenging.

Essency

Drawing an analogy to developmental stage-dependent transformations, when e.g.,
studying the instars of the silkworm (Bombyx mori) under controlled conditions causing
their shortened developmental cycle, they still progress through the stages of egg, cater-
pillar, pupa, and moth. However, the duration of individual stages is reduced; for in-
stance, caterpillars can transition into pupae without undergoing the complete range of
instars [49-53].

If VSELSC:s exist and serve as precursors in the development of SCs and CSCs, then
the presence of their analogous counterparts in cell cultures with continuous growth, de-
spite the accumulation of changes and alterations, is very probable.

ST 2. Bacground of Functionality Study

Assessing cell functionality through their fractionation using a sorter and utilizing
fluorescent antibodies targeted against specific CDs, followed by clonogenicity tests, is a
leading method, albeit not devoid of limitations. It's worth noting that many researchers
successfully use flow cytometry for cell sorting without significant adverse effects on cell
viability or function [54]. However, when it comes to cell sorting using a flow cytometer,
there are concerns about potential harm to the cells. The effects of flow cytometry on cells
may include mechanical stress and shear stress [54], laser exposure (prolonged or intense
exposure might affect cell viability or function) and its heat generation [55], dye toxicity
[56], pressure changes [55], as well as electrostatic charge (which can potentially affect cell
membranes and viability) [54]. In short, a cell sorter consists of a flow cytometer and an
additional device equipped with a discriminator, which allows for the separation of the
sample into the fractions of interest and waste. The precision of measurements carried out
by the laser cytometer and the signal analysis facilitated by the software are the key ben-
efits of such separation procedures. However, there are notable downsides, including the
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potential of cellular stress and the risk of improper cell positioning during the separation
process [54-56]. Our adopted approach to studying the functionality of (V)SLSLC and
(V)SCSLC events, analogical to the cell sorting technique, includes measuring the sample
using flow cytometry. Due to the specificity of the developmental cell stages that we aim
to acquire, as well as to minimize stress and mechanical damage during this process, we
have chosen a method of gradual enrichment of the culture based on a feedback effect
mechanism. In comparison to standard clonogenic assays, this is a significantly simpler
and likely more efficient approach which facilitates research in laboratories lacking auto-
mated cell culture and sorting systems. A limitation of our applied method is the time
dedicated to culturing standards containing primitive stages that allow growth and pro-
liferation at very low cell densities.

Supplementary Figure S1. HL-60 cytological parameters and cluster differentiation patterns. (a) Scatter dot-plots of the cultures;
Due to the overlap between some of the maturing stages and primitive events in Mature HL-60, we have excluded LSLCs from
the scatter dot-plot of all events; Notably, approximately a 7-fold increase in the VSLSLC events is within the Primitive HL-60
compared to Mature HL-60; (b) CD45 vs. CD34, CD56 vs. CD34, and CD56 vs. CD45 gate regions; Importantly, events within the
VSLSLC and SLSLC regions were negative in 96% for 7-AAD/CD45; A small percentage of positive events suggests their potential
to undergo cell death or might represent rare and specific types of ABs or apoptotic EVs. (c) Analysis of 7-AAD vs. CD45 marker;
All experiments were conducted as described in [15]

Supplementary Figure S2. Selected scatter dot-plots from gate CD45 vs. CD34, CD34 vs. CD56, and CD45 vs. CD56; (a) CD45 vs.
CD34; (b) CD34 vs. CD56; (c) CD45 vs. CD56; In all three analyses of CD markers, the negative gates contain the highest number
of events in the regions of VSLSLCs (approximately 20-30%) and SLSLCs (approximately 40-50%; For Primitive HL-60, the in-
crease in the CD34- to CD34+ (at CD45- and CD56-) marker is linked to approximately a 10-fold decrease in VSLSLC events and
a 5-fold decrease in SLSLC events; When analyzing the CD34- vs. CD45- gates in comparison to the CD34+ vs. CD45- gates, the
(V)SLSLC regions exhibit a reduced count of events; The increase in the levels of markers: CD34++ +++, CD45++ +++, CD56++ ++
+, is linked with an increase in cell granularity (SSC) and size (FSC) and is rarely observed VSLSLCs; CD+++ events were
noticeable in regions cor-responding to maturation-senescence and cell death on the scatter dot-plot; These maturation-
senescence stages are most ob-served in the Mature HL-60. As an effect of the HL-60 culture conditions, the occurrence of
(V)SLSLCs differs across sublimes. Nonetheless, the proportion between these events seems to be stable; All experiments were
conducted as described in.

Supplementary Figure S3. Selected scatter dot-plots of Raji negative controls obtained during CD markers staining; Representa-
tive data.

Supplementary Figure S4. Selected A549 and HEK293 scatter dot-plots. The prevalence of (V)SCSLCs events was significantly
higher in the Primitive A549, exhibiting a 6-fold increase compared to Mature A549; In line with previous research, these events
demonstrate minimal correlation with cell death; The comparison between Primitive and Mature HEK293 reveals differences in
the number of VSESLC and SESLC events: an increase of over 10-fold and a 3-fold, respectively; According to our previous
research findings, these events have a minimal association with cell death.
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