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Abstract: SSEA-4 antigen can be mainly found in embryos and embryonic stem cells. However, its
expression has been observed also in adult stem and progenitor cells, or even in some differentiated
cells. Moreover, we found a considerable number of SSEA-4 positive (SSEA-4+) cells within the
rabbit peripheral blood and bone marrow mononuclear cells (PBMCs and BMMCs) in our previous
study. Since no information about such cells can be found anywhere in the literature, the aim of this
study was to identify their origin. At first, phenotypic analyses of fresh rabbit PBMCs and BMMCs
were performed using flow cytometry and specific antibodies against SSEA-4 and leukocyte subsets.
Then, SSEA-4+ were enriched using magnetic activated cell sorting (MACS) and analyzed for their
phenotype using qPCR. We found significant SSEA-4+ cell population in PBMCs (~50%) and BMMCs
(~20%). All those cells co-expressed CD45 and a majority of them also expressed B-cell marker (IgM;
50% of SSEA-4+ PBMCs and 60% of SSEA-4+ BMMCs). Increased (p < 0.05) expression of SSEA-4,
CD45 and B-cell markers (IgM, CD79α and MHCII) were also noticed by qPCR in SSEA-4+ cells
enriched via MACS (with efficiency over 80%). Both methods did not detect significant expression
of monocyte or T-cell markers. In conclusion, SSEA-4+ cells in rabbit blood and bone marrow are
of hematopoietic origin and probably belong to B-lineage cells as possessing the phenotype of B
lymphocytes. However, the true function of SSEA-4 antigen in these cells should be explored by
further studies.
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1. Introduction

Stage-specific embryonic antigen-4 (SSEA-4) is an epitope on related globoseries gly-
cosphingolipids [1], which is widely used as a cell surface marker to identify human
pluripotent stem cells. SSEA-4 together with SSEA-3 are abundantly expressed in preim-
plantation human embryos and human embryonic stem cells or embryonal carcinoma cells,
where they are downregulated after cell differentiation [1–4]. In addition, SSEA-4 was
previously described also in somatic stem cells as dental pulp stem cells, or umbilical cord
blood-derived very small embryonic-like stem cells [5], and also in bone marrow-derived
mesenchymal stem cells (MSCs) [6]. Moreover, SSEA-4 has been recently found in pro-
genitor cells such as cardiomyocyte progenitors or pancreatic ductal progenitor cells [7,8].
However, the SSEA-4 function and its role as a pluripotent marker is largely unknown and
remains controversial [9–12].

Although the SSEA-4 expression is strictly regulated on human embryonic stem cells
and during the preimplantation development itself, this expression is not essential for the
pluripotency regulation [12]. It was demonstrated that the depletion of glycosphingolipids
(including SSEA4) had no effect on the undifferentiated state. On the other hand, it is
crucial for the differentiation of cells or survival of already differentiated cell lineages
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during development [13]. Nevertheless, SSEA-4 expression was also observed on the cell
surface of some highly differentiated cells such as neurons [14], erythrocytes [1] or corneal
and limbal epithelial cells [15]. Furthermore, SSEA-4 positive cells were found in adult
marmoset testes [16]. Thus, SSEA-4 seems to be a universal carbohydrate antigen that
should not be strictly used only for the evaluation and/or isolation of stem cells.

As mentioned above, expression of SSEA-4 antigen has been noticed also in the
MSCs of different species, such as mouse and human [6], goat and monkey [17] as well
as rabbit [18,19]. Moreover, neural progenitor cells [20] or MSCs [6] had been isolated
based on the SSEA-4 expression using fluorescence- (FACS) or magnetic-activated cell
sorting (MACS), respectively. The latter mentioned method was used in our previous
study focused on the direct isolation of SSEA-4+ cells from rabbit bone marrow in order to
facilitate the establishment of MSCs [21]. However, that study failed to achieve this goal
since such a method was not more effective than the classical plastic adherent method. In
any case, this study revealed a finding that rabbit bone marrow can comprise about 25% of
SSEA-4 positive (SSEA-4+) cells that are evidently not only of MSCs origin. Furthermore,
our preliminary unpublished experiments indicate that SSEA-4+ cell can be found also in
rabbit peripheral blood.

Therefore, the aim of the presented study was to identify the phenotype of SSEA-4+

cells presented in the rabbit peripheral blood and bone marrow by the combination of flow
cytometry, magnetic sorting and quantitative Real-Time PCR analyses.

2. Results
2.1. Flow-Cytometric Phenotyping of SSEA-4+ Cells

Freshly isolated mononuclear cells from rabbit peripheral blood (PBMCs) and bone
marrow (BMMCs) were stained with SSEA-4 antibody in order to identify SSEA-4+ cells.
Those cells can be mainly found within the lymphocyte gate as demonstrated by the
forward (FSC-H) and side scatter (SSC-H) plots (Figures 1A and 2A). Co-staining with
the antibodies against CD45, CD14, IgM, panT2, CD4 and CD8 was used to identify the
cell type of SSEA-4+ cells (Figures 1B and 2B). More than 50% of PBMCs were positive for
SSEA-4 marker. In addition, all of them co-expressed CD45, leukocyte common antigen,
and almost one-half of those cells was positive for B-cell marker (IgM). On the other hand,
SSEA-4+ cells were nearly negative for CD14 (monocytes), and panT2, CD4 and CD8
(T-cells; Figure 1B).

In the case of BMMCs, only about 20% of cells were positive for SSEA-4 marker.
Similarly, the majority of them co-expressed also CD45 and about 60% were positive for
IgM. Again, the cells were negative for CD14 and all T-cell markers (panT2, CD4 and CD8;
Figure 2B).

2.2. Magnetic-Activated Cell Sorting (MACS) of SSEA-4+ Cells

According to the flow cytometry, MACS technique achieved a high purity and effi-
ciency as the positive fractions contained more than 90% of SSEA-4 positive PBMCs and
about 85% of SSEA-4 positive BMMCs (Table 1). Moreover, cells in both positive fractions,
PBMCs and BMMCs, co-expressed also CD45 (90% and 80%, respectively). The same
percentage was observed for the bound magnetic beads marked by LCR, thus confirming
the high MACS efficiency. On the other hand, negative fractions contained a significantly
lower number of SSEA-4+ cells in comparison to control (unsorted) samples (Table 1).
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Figure 1. Flow-cytometric strategy for the phenotyping of SSEA-4+ cells presented within peripheral blood mononuclear 
cells (PBMCs). Firstly, live PBMCs were gated and then number of SSEA-4+ cells was measured (A: upper dotplot). Back-
gating of SSEA-4+ cells revealed their location mainly within the lymphocyte region (A: lower dotplot). Phenotype of 
SSEA-4 gated cells were evaluated in terms of the expression of several leukocyte markers as follows: CD45, CD14, IgM, 
panT2, CD4 and CD8 (B). The data from four experiments are expressed as the means ± SD. 

In the case of BMMCs, only about 20% of cells were positive for SSEA-4 marker. Sim-
ilarly, the majority of them co-expressed also CD45 and about 60% were positive for IgM. 
Again, the cells were negative for CD14 and all T-cell markers (panT2, CD4 and CD8; 
Figure 2B). 

 

Figure 1. Flow-cytometric strategy for the phenotyping of SSEA-4+ cells presented within peripheral blood mononuclear
cells (PBMCs). Firstly, live PBMCs were gated and then number of SSEA-4+ cells was measured (A: upper dotplot).
Backgating of SSEA-4+ cells revealed their location mainly within the lymphocyte region (A: lower dotplot). Phenotype of
SSEA-4 gated cells were evaluated in terms of the expression of several leukocyte markers as follows: CD45, CD14, IgM,
panT2, CD4 and CD8 (B). The data from four experiments are expressed as the means ± SD.
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Figure 2. Flow-cytometric strategy for the phenotyping of SSEA-4+ cells presented within bone marrow mononuclear
cells (BMMCs). Firstly, live BMMCs were gated and then the number of SSEA-4+ cells was measured (A: upper dotplot).
Backgating of SSEA-4+ cells revealed their location mainly within the lymphocyte region (A: lower dotplot). Phenotype of
SSEA-4 gated cells were evaluated in terms of the expression of several leukocyte markers as follows: CD45, CD14, IgM,
panT2, CD4 and CD8 (B). The data from five experiments are expressed as the means ± SD.
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Table 1. Purity and efficiency of MACS enrichment of SSEA-4+ cells.

Sample Con (SSEA-4+) Neg (SSEA-4+) Pos (SSEA-4+) Pos (SSEA-4+CD45+) Pos (SSEA-4+LCR+)

PBMCs 58.6 ± 16.0 8.4 ± 2.4 ** 90.1 ± 4.4 * 89.5 ± 3.4 88.6 ± 3.9
BMMCs 26.4 ± 9.1 5.2 ± 1.5 * 84.8 ± 1.8 ** 82.5 ± 3.4 80.7 ± 3.0

The data are expressed as the mean ± SD; PBMCs—peripheral blood mononuclear cells, BMMCs—bone marrow mononuclear cells,
Con—fresh (control) unsorted sample, Neg—negative fraction, Pos—positive fraction, LCR—labeling check reagent. The data from four
experiments are expressed as the means ± SD; *—difference is statistically significant at p < 0.05; **—difference is statistically significant at
p < 0.01 in comparison to control samples.

2.3. Real-Time (qPCR) Analysis of SSEA-4 Sorted Cells

Relative mRNA expression of selected markers such as SSEA-4, CD45 (leukocytes),
CD14 (monocytes), CD79α and IgM (B-cell markers), CD3g, CD4, CD8a and CD8b (T-
cell markers), MHCI and MHCII in control (unsorted) samples and both sorted fractions
(negative and positive) was analyzed using the qPCR method. In both cell types, PBMCs
and BMMCs, expression of SSEA-4 significantly increased in the positive fractions in
comparison to control samples (Figures 3 and 4). Furthermore, the positive fractions highly
expressed CD45, whereas CD14 expression was significantly decreased when compared to
control samples. Both cell types exhibited highly increased expression of IgM and CD79α
(B-cell markers) after sorting in positive fractions, though not significant in BMMCs for
CD79α. On the other hand, a significant increase in the MHCII expression was observed
in the positive fractions of BMMCs, while no significant change was noticed in PBMCs.
The relative expressions of other evaluated markers (CD3g, CD4, CD8a, CD8b and MHCI)
were not significantly changed after MACS sorting (Figures 3 and 4). However, higher
standard deviations were observed for the T-cell markers in negative fractions of PBMCs
and in positive fractions of BMMCs, which was probably caused by the higher variability
of the analyzed data.
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3. Discussion

SSEA-3 and SSEA-4 are well-known as specific embryonic antigens. Both of them
are epitopes located on the related glycosphingolipids (GSLs) which are marked as GL-5
and GL-7 [1]. The structure of GSLs comprises a carbohydrate moiety or chain which is
linked to ceramide [22–24]. It has been demonstrated that SSEA-3 antibody (clone MC631)
recognizes GL-5 as well as an internal antigen on GL-7. On the other hand, SSEA-4 antibody
(clone MC813-70) recognizes only the terminal sialic acid on GL-7 [1].

In this study, we used antibody clone MC813-70 to identify and isolate SSEA-4+ cells
presented in rabbit peripheral blood and bone marrow. Interestingly, almost a double
number of SSEA-4+ cells were detected in PBMCs (>50%) in comparison to BMMCs
(>20%; Figures 1 and 2, and Table 1). The decreased number of these cells in BMMC
samples may be due to the fact that bone marrow is composed of the heterogenous mixture
of hematopoietic stem and mature cells as well as of a stromal (nonhematopoietic) cell
population [6]. Moreover, according to flow-cytometric analysis, BMMC samples were
still contaminated with granulocytes (Figure 2A) while PBMCs samples contained mainly
lymphocytes and monocytes with low granulocyte presence (Figure 1A). Furthermore,
a similar proportion of SSEA-4+ cells (about 20%) found here in rabbit BMMC samples
was also observed in our previous study [21] or in human bone marrow samples when
analyzed with the same antibody clone [25]. On the contrary, only 4% of human and 2% of
mouse bone marrow cells were positive for SSEA-4 in another study [6]. This discrepancy
might be due to the different SSEA-4 antibody used in that study.
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According to above mentioned studies, it is obvious that SSEA-4 expression is not
restricted to the MSC population presented within BMMCs. This is supported by the weak
SSEA-4 expression in rabbit MSCs [19] and by the failure to facilitate and accelerate the rab-
bit MSC culture via seeding of SSEA-4 enriched cells [21]. Moreover, the absolute majority
of rabbit SSEA-4+ PBMCs and also BMMCs co-expressed CD45 (pan-leukocyte marker) as
demonstrated by flow cytometry (Figures 1 and 2). An increased CD45 expression in both
rabbit SSEA-4+ sorted fractions was also proved using qPCR analyses (Figures 3 and 4).
SSEA-4+CD45+ subpopulation has been even noticed in mouse bone marrow samples and,
furthermore, about 50% of human SSEA-4+ enriched bone marrow cells also co-expressed
CD45 [6].

Since the SSEA-4+ cells in rabbit blood and bone marrow seems to be of hematopoi-
etic origin according to the CD45 expression and localization within the lymphogate
(Figures 1 and 2), we used flow cytometry for the phenotyping of fresh unsorted (control)
samples. Beside the expression of CD45, the SSEA-4+ cells from both sources were negative
for monocyte marker (CD14) and all T-cell markers (panT2, CD4 and CD8). However,
SSEA-4 gated cells exhibited similarly high levels of IgM (marker of immature B cells)
expression (~50% or 60% for PBMCs and BMMCs, respectively). In order to confirm the
flow-cytometric results, SSEA-4+ cells were enriched via MACS with significant efficiency
(>80%) in both rabbit cell types (Table 1) and their phenotypic expression was analyzed
using qPCR analyses (Figures 3 and 4). The relative SSEA-4 and CD45 expression of
SSEA-4+ sorted cells increased significantly (p < 0.05), while CD14 expression decreased
(p < 0.01 and p < 0.05, respectively) in comparison to fresh unsorted (control) samples.
On the other hand, all T-cell markers (CD3g, CD4, CD8a and CD8b) did not significantly
change, whereas an increased expression of B-cell markers (CD79α and IgM) was observed
in SSEA-4+ PBMCs (p < 0.05 for both markers) and SSEA-4+ BMMCs (p < 0.01 for IgM
only). Although no change in the relative expression of MHCI was observed, the expres-
sion of MHCII significantly (p < 0.001) increased in SSEA-4+ BMMCs, but not in PBMCs.
Moreover, MHCII positivity has been reported to identify the B-cell lineage, as all CD79α+

cells in the rabbit bone marrow are MHCII+ and vice versa [26]. Thus, both phenotyping
methods, flow cytometry and qPCR, demonstrated that cells expressing SSEA-4 epitope are
of hematopoietic origin and the majority of them possess the phenotype of B lymphocytes.
Moreover, the hematopoietic origin of SSEA-4 sorted cells was verified by microscopic
assessment of SSEA-4 and CD45 co-expression (Appendix A). In addition, significantly
increased expression of hematopoietic stem cell marker CD133 was observed in the pos-
itive fractions compared to the control samples. On the other hand, the expression of
mesenchymal stem cell marker CD271 was not observed in the sorted cells (Appendix B).
Thus, the mesenchymal origin of these cells is less probable than their hematopoietic origin.
This hypothesis can be supported by the fact that the majority of round-shaped SSEA-4
sorted bone marrow cells were non-adherent as reported in our previous study [21]. Only
a small proportion of SSEA-4 sorted cells adhered to the plastic and established a culture
of rabbit mesenchymal stem cells (MSCs), although not more efficiently than the unsorted
samples. Furthermore, rabbit bone marrow-derived MSCs demonstrated a weak expression
of SSEA-4 marker, as noticed in another study [19].

Beside embryos and embryonic stem cells [1–4], SSEA-4 expression has been already
observed in adult stem and progenitor cells [5–8,20] or even more also in differentiated
cells [1,14–16]. In addition, SSEA-4 has been recently identified as a potential marker
of tumor cells with migration capacity [27]. However, clinically healthy young rabbits
that were randomly selected for the experiments were used in this study. Therefore, the
probability that all rabbits chosen for this study were affected by some type of cancer is very
low. On the other hand, we can hypothesize that SSEA-4 expression in this study could be
associated with the presence of B cell progenitors (proB and preB cells) that are crucial for
B lymphopoiesis in the bone marrow [26,28] and/or with the differentiated B lymphocytes
themselves. However, although B lymphopoiesis occurs in mouse or human bone marrow
throughout life [26], it occurs early in rabbit development and only for a short time [29,30].
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It has been noticed that levels of proB and preB cells rapidly decreased in young rabbits by 4
weeks after birth. Moreover, by 16 weeks of age, proB and preB cells were undetectable and
B lymphocytes constituted all B-lineage cells in rabbit bone marrow. Thus, it seems that 99%
of rabbit B lymphopoiesis is arrested and only few B lymphocytes are produced after 16
weeks of age in rabbits [26]. Altogether, this is an evidence that rabbit B lymphocytes must
be long-lived and/or self-renewing [26,31,32]. SSEA-4 expression noticed in this study is
therefore probably not associated with the presence of progenitor cells since rabbits at the
age of 3–5 months used here should contain only few B cell progenitors. On the other hand,
expression of SSEA-4 might be related to the self-renewing ability of rabbit B lymphocytes,
though this hypothesis has to be proved by further experiments. Until then, the role of
SSEA-4 antigen presented on rabbit lymphocytes and its function remains unknown.

4. Materials and Methods
4.1. Animals

Young (3–5 months old) and clinically healthy rabbits (n = 5) of New Zealand White
(NZW) line reared as described previously [33] were used in this study. The treatment of
the animals was approved by the Ministry of Agriculture and Rural Development of the
Slovak Republic no. SK U 18016 in accordance with the ethical guidelines presented in
Slovak Animal Protection Regulation (RD 377/12), which conforms to the Code of Ethics
of the EU Directive 2010/63/EU for animal experiments.

4.2. Experimental Design

All experiments were designed to identify the SSEA-4+ cell population within the
mononuclear cells of rabbit peripheral blood (PBMCs) and bone marrow (BMMCs) using
flow cytometry. Then, SSEA-4+ cells were isolated from both sources by magnetic-activated
cell sorting (MACS) and characterized using Real-Time PCR (qPCR) in order to confirm
the phenotype observed by flow cytometry.

4.3. Flow Cytometry

Rabbit PBMCs and BMMCs were isolated as described previously [19,34]. Briefly,
peripheral blood (PB) and bone marrow (BM) were isolated from humanely sacrificed
animals. PB was collected to tubes with anticoagulant and diluted with sterile PBS. BM
was flushed from femurs immediately after removal of femoral bone heads using sterile
PBS. The cells suspension was filtrated in order to remove cell clumps and bone fragments.
Mononuclear cells from both prepared suspensions, PB and BM, were isolated using Biocoll
solution on the basis of density gradient centrifugation. Isolated PBMCs and BMMCs were
stained with the mouse monoclonal antibodies against the following rabbit antigens: CD4,
CD8, CD14, CD45, IgM (B-cell marker), pan T2 (T-cell marker) and SSEA-4. The staining
procedure was performed as described in our previous study [33]. The list of primary
antibodies used in this study is shown in Table 2. The proper isotype controls and secondary
antibodies were used for the purified primary antibodies: mouse IgG3-PE isotype control
(12-4742), rat anti-mouse IgG2a-FITC (clone m2a-15F8) and rat anti-mouse IgG1-APC
(clone M1-14D12; all from eBioscience, Wien, Austria). To exclude the dead cells from
the analysis, 7-AAD (Thermo Fisher Scientific, Waltham, MA, USA) staining was applied.
At least 50,000 cells were analyzed per each sample by FACSCalibur flow cytometer (BD
Biosciences, San Jose, CA, USA). Obtained data were analyzed using FlowJo™ Software
v10.7 (BD Biosciences, San Jose, CA, USA).
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Table 2. List of primary antibodies used for flow cytometry.

Marker Host/Isotype Clone Conjugate Company

CD4 mouse IgG1 RTH1A purified 1 WSU
CD8 mouse IgG2a ISC27A purified 1 WSU

CD14 mouse IgG2a TÜK4 FITC Dako Cytomation
CD45 mouse IgG1 L12/201 purified 1 Bio-Rad
CD45 mouse IgG2a ISC18A purified 1 WSU
IgM mouse IgG1 NRBM purified 1 Bio-Rad

pan T2 mouse IgG1 RTH21A purified 1 WSU
SSEA-4 mouse IgG3 MC-813-70 PE eBioscience

1 Cells stained with the purified antibodies were subsequently incubated with proper secondary antibodies.

4.4. Magnetic-Activated Cell Sorting of SSEA-4+ Cells

Both rabbit PBMCs and BMMCs were sorted as demonstrated previously [21]. Briefly,
cells (2 × 107) from each sample were incubated with PE-conjugated SSEA-4 antibody
(clone MC-813-70; eBioscience, Wien, Austria) according to the producer’s manual. After
the washing step, samples were immediately incubated with Anti-PE MicroBeads (Miltenyi
Biotec, Bergisch Gladbach, Germany) and sorted by AutoMACS Pro Separator (Miltenyi
Biotec, Bergisch Gladbach, Germany) using “POSSEL_S” sorting strategy (positive selec-
tion) according to the producer’s manual. After sorting, cell aliquots from both fractions,
positive (SSEA-4+) and negative (SSEA-4–), were co-stained with CD45 antibody (Table 2)
and proper FITC-conjugated secondary as well as with APC-conjugated labeling check
reagent (LCR; Miltenyi Biotec, Bergisch Gladbach, Germany) which specifically binds to
magnetic beads. Fresh (control) unsorted cells were also stained with SSEA-4 and CD45
antibody, and also with LCR in order to determine initial SSEA-4+CD45+ population and
to exclude the unspecific binding of LCR. The subsequent flow-cytometric analysis per-
formed as mentioned above revealed the sorting purity and efficiency as the proportion of
SSEA-4 single positive (SSEA-4+) cells and SSEA-4/LCR double positive (SSEA-4+LCR+)
cells, respectively.

4.5. Real-Time PCR (qPCR)

Total RNA isolation and cDNA synthesis from fresh (control) samples and both sorted
fractions (SSEA-4+ and SSEA-4−) was performed as described previously [35]. The rabbit
gene-specific primers used in this study (Table 3) have been already published or designed
de novo using the Primer-BLAST at NCBI’s website [36]. A slightly modified qPCR reaction
was performed as described previously [35]: initial denaturation and activation of hot-start
DNA polymerase at 95 ◦C for 7 min followed by 40 cycles of denaturation at 95 ◦C for 10 s,
annealing at 60 ◦C for 10 s and extension at 72 ◦C for 10 s in Rotor-Gene 6000 (Corbett
Research, Sydney, Australia). A relative quantification of gene expression to housekeeping
gene beta 2-microglobulin (B2M) was calculated using the threshold (CT) values and PCR
reaction efficiencies according to Pfaffl [37].

4.6. Statistical Analysis

Data obtained from analyses were evaluated using GraphPad Prism version 9.0.1 for
Windows (GraphPad Software, San Diego, CA, USA) with one-way ANOVA (Dunnett’s
test). Results are expressed as the mean ± SD. p-values at p < 0.05 were considered as
statistically significant.
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Table 3. Gene-specific primers and size of PCR products.

Gene Product Size (bp) Forward Primer Reverse Primer Primer Efficiency Reference

ST3GAL2 (SSEA-4) 126 5′-CTGGGAGAATAACCGGTACG-3′ 5′-GCTCAGTTGCCTCGGTAGAC-3′ 2.04 [19]
CD45 262 5′-TACTCTGCCTCCCGTTG-3′ 5′-GCTGAGTGTCTGCGTGTC-3′ 2.02 [19]
CD14 128 5′-TCTCTGTCCCCACAAGTTCC-3′ 5′-GGCTGAGGTCTAGGTGATGG-3′ 1.92 NM_001082195.2 1

CD79α 155 5′-CATCGGAAGTACGGAGCATT-3′ 5′-TCCTTCCAGTCATCCCACTC-3′ 2.06 XM_008272740.2 1

IGHM (IgM) 127 5′-GCCTGTACTTCACCCACAGC-3′ 5′-GACTTGTCCACGGTCCTCTC-3′ 2.04 MN651044.1 1

CD3g 104 5′-TCATTGCAGGACAAGATGGA-3′ 5′-GTCATCTTCCCGATCCTTGA-3′ 2.01 XM_002722697.3 1

CD4 163 5′-CAGTCCTGGGTCAGCTTCTC-3′ 5′-TATCAAGGGTCAGGCTCAGG-3′ 2.06 NM_001082313.2 1

CD8a 133 5′-GTGGACTCTCCGCTCAACTC-3′ 5′-GGCTGAAGTGTAGGCTGAGG-3′ 2.07 XM_017340260.1 1

CD8b 113 5′-CAACCCGGTCTGTTCTCAGT-3′ 5′-TGTCAGCTGAGTTCCCTTCC-3′ 2.05 XM_008254148.2 1

MHCI 97 5′-AGTGGGAATTGTTGCTGGAG-3′ 5′-TCCTTTCCCATCTGAGCTGT-3′ 1.91 [38]
MHCII 142 5′-CTGTGAGCACAGGAAGGTGA-3′ 5′-GGGTGGCTAGATGTCTGGAA-3′ 2.00 [38]

B2M 118 5′-ATTCACGCCCAATGATAAGG-3′ 5′-ATCCTCAGACCTCCATGCTG-3′ 2.02 [19]
1 NCBI Reference Sequence.
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5. Conclusions

In this study, a significant number of cells expressing SSEA-4 antigen were discovered
within the rabbit peripheral blood and bone marrow. Although SSEA-4 is considered to be
mainly an antigen of embryonic and adult stem and progenitor cells, it could be found also
in some specific types of differentiated cells as reported here. According to results from
cell phenotyping, SSEA-4 positive cells are of hematopoietic origin (as co-expressed CD45)
and possess B-cell phenotype (IgM, CD79α and MHCII). As far as we know, this is the first
study that demonstrated SSEA-4 expression in differentiated rabbit cells. However, the
role of this marker in rabbit lymphocytes remain unknown, and further analyses such as
RNA sequencing and/or CFU assays are required in order to discover its real function.
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Appendix A

Confocal Microscopy

To confirm the expression of SSEA-4 and CD45 markers by SSEA-4+ sorted cells,
a microscopic assessment under the laser scanning confocal microscope LSM 700 (Carl
Zeiss Slovakia, Bratislava, Slovakia) was performed. Briefly, positively sorted (SSEA-
4+) PBMCs and BMMCs, which were co-stained with SSEA-4 and CD45 antibodies as
mentioned in Material and Methods (Section 4.4), were fixed using IC Fixation Buffer
(Thermo Fisher Scientific, Waltham, MA, USA) for 20 min and washed. An aliquot from
each fixed sample was mixed with the VECTASHIELD antifade mounting medium with
DAPI (Vector Laboratories, Burlingame, CA, USA), dropped on the microscope slide and
mounted with coverslip. Microscopic evaluation confirmed co-expression of SSEA-4 and
CD45 markers in the positively sorted samples of PBMCs as well as BMMCs (Figure A1).
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Appendix B

In order to evaluate the origin and potential differentiation capacity of SSEA-4 sorted
cells, a qPCR analysis was performed in order to assess the possible expression of typical
hematopoietic stem cell marker (CD133) and mesenchymal stem cell marker (CD271).
Briefly, samples for qPCR and the reaction itself were performed as mentioned in Material
and Methods (Section 4.5). Rabbit gene-specific primers were used according to the
previous studies for CD133 [39] and for CD271 [40]. SSEA-4+ fractions from both PBMC
and BMMC samples significantly expressed CD133 in comparison to the control samples
(Figure A2). On the other hand, no expression of CD271 was observed in the studied
samples, although the specificity of used primers was confirmed by obtaining the specific
PCR product for CD271 (117 bp) in rabbit DNA samples and in the sample of rabbit
adipose-derived mesenchymal stem cells (Figure A2).
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