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Abstract

Background: The possibility about derivation of immune cells from hematopoietic and non-hematopoietic
progenitors was investigated. Pilot studies on the underlining mechanisms in both types of cellular
progenitors were performed.

Methods: NK cells isolated from mouse spleens were incubated in the presence of different combinations
of cytokines (IL-15/1L-18 + IL-12). Additional oncogene copy in normal mouse embryonic stem cells
(MESCs) was inserted by transfection with appropriate recombinant DNA-constructs, based on the AAV
DNA-genome. mESCs, both containing and non-containing additional copy of oncogene Dcn1, were pre-
incubated in the presence of GM-CSF, and sub-populations of the derived initial myeloid and lymphoid
progenitors were then co-cultivated with each other. General features in the protein electrophoretic profile
of sperm plasma with these from different cellular, tissue and organ samples were proposed, and the
presence of white blood cells in ejaculates from patients with proved inflammatory process (prostatitis)
was observed. Several methods for assay were applied: light microscopy, transmission electron
microscopy (TEM), electrophoresis in 1% Agarose Gel after standard PCR and Reverse Trancriptase PCR
(RT-PCR) and SDS-Polyacrylamide Gel Electrophoresis (SDS-PAGE) with subsequent Coomasie-blue
staining.

Results: Despite the established activated proliferative activity of hematopoietic cellular progenitors,
incubated in the presence of cytokines and cytokine combinations, statistically significant differences
were noted only in the presence of IL-15 and IL-18, compared with the non-treated controls, and with the
cells, incubated in the presence of other cytokines and cytokine combinations. The noted signs of initial
myeloid and lymphoid progenitors, as well as of further phagocyte and plasmatic cell differentiation,
respectively, confirmed additionally the preserved non-malignant characteristics and immunogenic
capacity in in vitro-conditions of the so received cells, containing additional oncogene copy. Furthermore,
a capability of non-myeloid and non-lymphoid cells to produce membrane receptor glycoproteins was
suggested. On the other hand, a possibility for production of recombinant viral vaccines by exchange of
nucleotide sequences between the used recombinant DNA-vector and cellular genome were proposed. In
analogical way have been proved the preserved non-malignant characteristics and adequate immune
response of human embryonic trophoblasts, immortalized by virus SV40. Besides the established
morphological similarities, many signs of analogy in the electrophoretic profiles were established in the
protein compositions between the separate biological samples, described above. Similarly to seminal
plasma, synovia fluid and the extracts of each anatomic organ contain proteins, produced by different
types of normal cells in various phases of maturation and differentiation.

Conclusions: Besides of cells with hematopoietic origin, a possibility non-hematopoietic cells, tissues and
organs to acquire immunogenic properties of in appropriate conditions was also proposed. Future studies
are necessary in this direction.

Background

Page 2/16



The immune cells play an important role in the protection against different infections, but also against
malignancies and metastases [1]. Investigations on the signal pathways activated by various cytokines,
and clarification of the cellular events and functions induced by stimulation with combinations of them
are required.

Widely investigated is the possibility about in vitro-incubation of viruses in cell cultures for development
of viral recombinant vaccines, as well as for the aims of gene therapy. For this goal could be applied
DNA- and RNA-viruses [2, 3], but also bacterial plasmids, yeasts and other eukaryotic cells [4-6]. Besides
the respective gene(s) of interest, for which expression is necessary to be inserted appropriate promoter
gene. Another component, which should be located near to the tested gene(s) of interest, is a marker
gene, which is necessary about selection of the cells, positive of its presence and expression. Most often
are used genes, coding color proteins (fluorescent protein, as GFP, YFP, RFP) or products, participating in a
color reaction (enzymes luciferase or thymidine-kinase), or determining antibiotic resistance. The
described gene sequences should be bind to each other by specific ligases, and thus, the initial vector
constructs should contain specific restriction sites, which is necessary to be obtained the DNA-fragments
by treatment with specific restriction enzymes (most often bacterial endo-nucleases). Other key
components are the reverted end DNA-repeats. In this way could be inserted genes, for cellular receptors,
cytokines, enzymes, complement activators, activators and/or inhibitors of apoptosis, surface antigens,
tumor markers, etc. Polymerase chain reaction (PCR) of the received construction should be subsequently
performed by use of specific oligonucleotide primers for insurance of respective restriction sites — SfiF
restriction site on the 5-end, and Rsr/frestriction site on the 3'-end of the PCR-product, obtained by
digestion with respective restriction enzymes (particularly bacterial endonucleases), bound to the
respective early or late promoter in the viral genome [2, 3, 5] or bacterial plasmid DNA [4, 6]. Taking in
consideration all these data, several questions could arise: i) if any possibility of non-myeloid and non-
lymphoid cells to acquire immunogenic properties in appropriate internal (genetic), epigenetic and
external conditions exists; ii) if there is any possibility of the used about gene transfection viral strains to
acquire viral vaccine (immunogenic) characteristics.

Oncogene Dcn1 has been proved as highly conservative about all cellular types — from prokaryotic
bacteria to eukaryotic mammalian cells. The protein product of this oncogene has been established to
plays the role of kinase, which makes easier targets for degradation molecules, activating cellular ageing
and death, by participation in cascade regulatory mechanisms [7-9]. This oncogene has been determined
as actively expressed in all types of malignant cells, in early and late phases of differentiation and
maturation, but also in germ cells [7, 10, 11].

Oncoprotein Dcn1 [12], albumin, as well as histones H2B and H3.3 [13], have been determined as proteins,
actively expressed besides in stem/progenitor cells, also in germ cells. The histone-to-protamine
transition process has been proved to play a key epigenetic role during the spermatogenesis. Analogical
morphological similarities were established in smears from peripheral blood with rodent and human
origin, but also between embryonic stem cells (ESCs), as well as other tissues and organs. As a key
molecule, necessary about the packaging of protamines and DNA into chromatin and thus, for the
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formation of the compact sperm nucleus, has been determined histone HANP1/H1T2, which is also
essential in the fertilization process.

In this aspect, the main goal of the current study was directed to development of methods for stimulation
of immunological properties of cells with both hematopoietic and non-hematopoietic origin, as well as
about prove of general molecules in different biological samples, which could participate in various inter-
molecular interactions and cascade regulatory mechanisms.

Methods

Derivation of immune cells from in vitro-incubated hematopoietic progenitors

Suspension of cultivated cells from mouse spleen was treated with buffer for erythrocytes lysis, and
subsequently - CD4, CD8, CD19 MACS micro-beads, which are non-toxic bio-degradable nano-particles for
detection and separation of cellular sub-populations. Before investigation on the cell proliferation or
expression of the markers, the cells were harvested and their viability was monitored by Trypan Blue dye
exclusion test. NK markers were proved by application of flow cytometry assay. The obtained population
of NK cells was then in vitro-incubated and stimulated with different interleukins or combinations of
them. The cells were picked-up and analyzed at day 4 post incubation (p. i.). The experiments were
conducted in accordance with the ethical laws, and were approved by the Animal Research Committee of
Hyogo College of Medicine. Animals had free access to food and water, and were kept in pathogen free
environment with a 12 h/12 h light/dark cycle. A constant temperature of 25°C was maintained. All cells
were incubated for 4 days in RPMI1640 medium (Nacalai Tesque, Inc., Kyoto, Japan), supplemented with
10% FBS (BioWest, Nuaillé, France), Lglutamine, 100 IU/mL penicillin and 100 mg/mL strepromycin, at
37°C in a humidified atmosphere with 5% CO,. A sub-population of the so incubated cells was pre-
incubated in the presence of 10 ng/mL IL-15 and/or 100 ng/mL IL-18 (recombinant mouse IL-15 and IL-
18 were commercially obtained by GlaxoSmithKline PLC (Research Triangle Park, NC), PEPROTECH
Rocky Hill and NJ R&D, Minneapolis MN 55413, USA). At day 1, separate sub-populations of the so
incubated cells were supplemented with 10 ng/ml IL-12 (R&D Systems). Statistical comparisons of the
results were made with one-way analysis of variance (ANOVA) by application of JMP® Pro 13.1.0 (SAS
Institute Inc. Cary, NC, USA). Statistical significance was defined as P< 0.05 [14].

In vitro-incubation and transfection of embryonic stem cells by recombinant DNA-viral vectors

Mouse ESCs were isolated from early mouse Balb/c embryos (2-3 months of the embryonic
development), by trypsinization and resuspendation. After centrifugation of the received cell suspension,
the supernatants were turned off and after resuspendation of the pellets, containing mouse ESCs, the last
were incubated for 48 — 72 hours on previously formed monolayers of feeder primary mouse embryonic
fibroblasts (MEFs) and/or from line 3T3, received in both cases from mouse embryos at later embryonic
stages (4-5 months of the embryonic development). In the two cases, after formation of semi-confluent
monolayers of mouse embryonic fibroblasts, they were treated by Mitomycin-c (mm-c) (Sigma-Aldrich),
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about suppression of further fibroblasts’ growth and proliferation. The isolated mouse ESCs seeded (5 x
10° cells/ml) on the so treated semi-confluent monolayers of fibroblasts. After formation of colonies of
ESCs, the last were resuspended and subjected on transfection by recombinant DNA-genome from adeno-
associated virus (AAV) (Parvoviridae family) [5], containing promoter for gene, coding Elongation Factor
1-alpha (EF-1a); copy of oncogene Dcn1, isolated from 3T3 fibroblasts of experimental mice Balb/c, as
well as gene, determining the resistance to antibiotic Neomycin, isolated from bacterial DNA-plasmid. The
cultivation media were supplemented with 10% FBS, 100 Ul/ml penicillin, 0.25 mg/ml streptomycin and
0.25 mg/ml amphotericin-B. For this aim, the cultural fluid of the confluent mono-layer was changed with
cultivation medium, containing Mitomycin-c (mm-c), for 2-3 hours at 37°C. Stem cell medium was added,
which besides of the described components, is supplemented with 20% FBS; 0.5% beta-Mercapto-ethanol;
Leukemia-Inhibiting Factor (LIF) and Colonia-Stimulation Factor (CSF). Mouse ESCs (mESCs) are
similarly isolated and proceeded, but in earlier studies of pregnancy, and they are seeded in the same
initial density (5 x 10° cells/ml), after counting and determination of cell viability by Trypan Blue Dye
Exclusion Test. Formation of stem cell colonies could be observed around the 3" - 41" day after seeding,
and they could be seen by phase-contrast light microscope. All transfected mESCs were incubated in the
presence of the synthetic analogue of Neomycine — G418, in the presence of monolayer of feeder cells
with previously suppressed further proliferation. Around the 28" day after the seeding in the presence of
G-418, much more of the seeded mouse ESCs dead and only those, which possess the gene, connected
with resistance to Neomycine, survived, continues to proliferate and formed colonies. After picking-up the
so formed clones of transfected mESCs, possessing gene for Neomycine resistance and scaling-up of
each one of them, they are subjected on genomic assay, by isolation total DNA was isolated. For this
goal, after tripsinization of the transfected cells and their consequent treatment with mixture of
phenolchlorophorm-isoamil alcohol (PCI) (Sigma-Aldrich), the so isolated nuclear material was treated
with lysis buffer (Sigma-Aldrich) for isolation of genomic DNA. The last was subjected on standard PCR
and Reverse-Transcriptase PCR (RT-PCR), respectively, of previously isolated nuclear DNA of them and its
consequent electrophoresis on 1% agarose gel (Sigma-Aldrich), in the presence of specific DNA-primers,
complementary to the used recombinant DNA-constructs (Sigma-Aldrich), mixture of the four types
deoxy-nucleosid-tri-phosphates (ANTP - Sigma-Aldrich), enzyme Tag-polymerase (Sigma-Aldrich).
Similarly transfected malignant cells from rat insulinoma cell line RIN-5F, containing additionally-inserted
copy of rat tumor-suppressor gene scgn, coding the hormone-like protein Secretagogin (SCGN) [15-17],
were similarly proceeded.

Separate sub-populations of mESCs, both containing and non-containing additional oncogene copy, were
subjected on in vitro-differentiation initial myeloid and lymphoid progenitors in the presence of GM-CSF.
Subsequently, sub-populations of the so received immune progenitors from both types were co-incubated
for induction with each other for induction of further phagocyte and plasmatic cellular differentiation,

respectively. All cells were cultivated at 37°C in incubator with 5% CO, and 95% air humidification. The
observation was performed by inverted light microscope (Leica), supplied with megapixel CCD-camera.
Determination of the protein composition in mammal seminal plasma
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Seminal plasma with mammalian (ram) origin, as well as human synovial fluid from patient with
rheumatoid arthritis, but also lysates from rat brain and rat pancreas were subjected on SDS-
Polyacrylamide Gel Electrophoresis (SDS-PAGE) separation and the gel was then stained by Coomasie-
blue. The synovial fluid is known to contain different types of adult stem/progenitor cells. Besides the
control samples of both rat anatomic organs, to separate aliquots of each one of them was added extract
of transfected malignant cells from rat insulinoma line RIN-5F, containing additionally-inserted rat scgn
gene plus GSHtag, and the so prepared lysate mixtures were then subjected on affinity chromatography
on GSH-Agarose columns. Each sample was previously subjected on protein precipitation in cold 100%
ethanol overnight, after which the received pellets (precipitates) were washed by cold 80% ethanol. After
centrifugation, the supernatants were taken-off, and the pellets/precipitates, eventually containing the
proteins from each respective probe, were diluted in SDS-buffer.

Transmission electronic microscopy (TEM) study of biological material (human ejaculates) from infertile
men (with chronic prostatitis) was performed according to the World Health Organization (WHO - 2010).
The so prepared samples were observed by electronic microscope “Opton EM 109", for eventual reveal of
key characteristics and changes in the male reproductive tract on ultrastructural level.

Results

Proliferation of in vitroincubated hematopoietic progenitor cells on the influence of different cytokines
and cytokine combinations

In this study, the main goal was related with derivation of immune cells by appropriate in vitro- and ex-
vivo-incubation of hematopoietic cellular progenitors. In all cases was observed activated proliferative
activity of hematopoietic cellular progenitors, incubated in the presence of cytokines and cytokine
combinations compared with the control cultures of the same cells (Fig. 1). Statistically significant
differences, however, were assessed only in the presence of IL-15 and IL-18, compared with the non-
treated controls, as well as with the cells, incubated in the presence of other cytokines and cytokine
combinations.

Genetic assay for determination of cells, containing and non-containing additionally-inserted gene copy

Despite the near localization of the gene, determining the resistance to Neomycine in all selected clones
of transfected cells, the results from both standard PCR and RT-PCR with subsequent electrophoresis on
1% agarose gel show that only in one of them the oncogene of interest - mouse Dcn7, is successfully
inserted in the cellular genome after incubation in the presence of Neomycine analog G-418 (Fig. 2).

The main goal of the performed transfer of additional oncogene copy was to be elongated the life cycle
of the transfected ESCs, containing it. However, the preserved non-malignant characteristics of the
transfected cells, containing additional oncogene copy should be tested and proved. So, the
immunogenic properties of these cells in in vitro-conditions were investigated and compared with these
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of non-containing additional oncogene copy normal cells, as well as of malignant cells, in the same
conditions.

In vitro-derivation of cells with activated immunogenic properties

According to the results obtained, the derived transfected mESCs, containing additionally-inserted
oncogene copy, have preserved their normal/non-malignant characteristics (Fig. 3). Furthermore, the
presented data proved the safety and immunogenic efficiency of the transfected mESCs, containing
additional copy of oncogene Dcn1 in in vitro-conditions, as well as their influence on the further
differentiation of normal myeloid and lymphoid progenitors, derived from non-transfected mESCs by their
incubation in the presence of GM-CSF (Fig. 3A, B), to phagocyte and plasmacyte cells, in co-cultivation
with transfected mESCs, containing additional oncogene copy (Fig. 3C).

The questions which arose were: 1) did the so derived transfected cells, containing additional oncogene
copy (as experimental in vitromodel of cellular life cycle elongation and suppression of ageing), preserve
their non-malignant characteristics (instead induction of their malignant transformation, which could be a
reason of much faster and earlier organism death in their application), and 2) what makes the cells to be
acceptable to viruses or other microbes, as well as of the normal cells to malignant cells in co-cultivation
of cells from both types? So, additional studies about clarification were performed. Possibilities about
production of recombinant viral vaccines by exchanging of nucleotide sequences between the used
recombinant DNA-construct and cellular genome, but also in the opposite direction (from the cellular
genome to the used recombinant vectors) were proposed. Additionally, a possibility for production of
membrane receptor glycoproteins by non-myeloid and non-lymphoid cellular types in appropriate
conditions was suggested. Future studies are necessary in this direction, including on the immunogenic
potential of the so received products, both in vitro and in vivo.

Two different methods for assay of the availability of common characteristics of the reproductive
components with all other biological samples (cells, tissues and organs, including experimental in vitro-
and in vivoomodels) were applied — SDA-PAGE for investigation of these features on molecular level, and
TEM for prove of these characteristics on morphological and ultra-structural levels, respectively. The
protein composition of male seminal plasma showed the strongest analogy with that of synovial fluid,
which is known as rich of various types of adult stem/progenitor cells (Fig. 4, lanes 2 & 3), compared with
the samples of brain and pancreas, containing a lot of mature cells (Fig. 4, lanes 2; 4 & 5). On the other
hand, similarities in the protein composition of the seminal plasma with this of mixed extracts of synovial
fluid and of both anatomic organs with lysate of malignant cells were noted (Fig. 4, lanes 2; 6 & 7). These
results suggested a possibility about immunogenic properties of the sperm fluid. They were confirmed by
the presence of leucocytes in such probes (Fig. 5).

The assay of the molecular composition in mixed biological samples with in vitro-incubated malignant
cells, containing and non-containing additionally-inserted by recombinant DNA-vectors additional tumor-
suppressor gene copy, was undertook for eventual decrease of the malignant cellular potential, but also

about following the changes in the mechanisms of adequate immune reply, in mixed “in vivo + in vitro”
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experimental models. The presence of different cellular types in various phases of differentiation and
maturation in the composition of anatomic organs and other biological samples (as body fluids) was
taken in consideration, which proposed the role of different inter-molecular interactions and cascade
regulatory pathways in each separate biological system, including when general molecules participate.

Discussion

The combination of the two cytokines (IL-15 and IL-18) has been found to be particularly effective in
induction of NK cell activation and proliferation [18]. IL-15 has been characterized as pivotal about the
proliferation and survival of NK cells. Its signal has been found to be transduced via JAK/STAT pathway
and probably also by activation of mTOR, because PI3K-Akt-mTOR pathway has been determined as
critical for cytokine responses of primary NK cells to IL-15 [19]. The important role of IL-12 about the NK
cells has also been assessed. It is considered as an NK cell stimulatory factor despite being unable by
itself to promote the expansion of their population. NK cells constitutively express the IL-12 receptor 31
chain, which allows them to respond to IL-12 in early stages of infection [20]. In T-lymphocytes, the
cytokine IL-12, especially in combination with IL-18, causes increased production of interferon gamma
(IFN-y). According to other data, the combination of IL-12 and IL-18 in T-cells strongly up-regulates the
production of IFN-y [21, 22]. Additionally, the role of IL-18 as a responder molecule against stresses
caused by various risk signals has been established. Besides by various cells of the immune system, IL-
18 has also been found to be secreted by non-hematopoietic cellular types including cardiac myocytes,
keratinocytes, intestinal epithelial cells, retinal cells (especially retinal stem/progenitor cells) and some
endocrine cells [23].

Investigations on the stem cells’ biology are directed mainly on their self-renewal and differentiation
capabilities and thus, to differentiate to respective mature cellular lineages. [24, 25]. These characteristic
propose possibilities about application of the stem cells in various fields of medical practice, including
about different therapeutic and regenerative procedures. It is important, however, the functions of the
oncogenes and coded by them oncoproteins, to be activated by ways, by which eventual neo-plastic
cellular transformations and metastatic process, to be escaped, for instance by generation of adequate
anti-malignant immune response on the influence of the protein products of oncogenes in their role of
active antigens. Additionally, according to literature data “intrinsic antiviral immunity” changes as internal
protection of the cell in response to its infection has been proved [26, 27]. Besides presence of leucocytes
in non-immune tissues and organs, the presented results suggested a possibility for production of
membrane receptor glycoproteins on the surface of non-myeloid and non-lymphoid cellular types in
appropriate conditions as for instance viral or malignant antigens, as well as different cytokines and
other immunomodulators. These results were in agreement with the literature findings in this direction
[28-30]. One of the hypotheses was based on the proved in the scientific literature possibility about
appearance of initial lymphoid and myeloid differentiation signs in sub-populations of immature stem-
like cells, which are able to differentiate to various directions depending of the respective environment
conditions. Another explanation could be related with the proved action of some cell-produced proteins as
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glycoprotein receptors to specific bio-molecules [31]. Furthermore, regulation of target genes expression
by enhancers, located to far of them, has also been found [32].

Taking in consideration the proved key role of glycosylation in many cellular processes as cell growth and
differentiation, the importance of this process to reflect the physiological status of the cell has been
proposed [33]. Besides glycoproteins, as the other main participants in this process have been determined
glycosphingolipids, particularly gangliosides [34, 35]. As surface markers, located at the membrane
surface, a key role of these molecules in the invasion of malignant cells and metastatic process has been
proved. Additionally, the current data proposed a possibility for preservation of stem-like characteristics
and preserved non-malignant nature of the transfected cells, containing additional oncogene copy, and
thus, eventual life elongation in the presence of additional oncogene copy. Analogically preserved non-
malignant characteristics and adequate immune response of human embryonic trophoblasts,
immortalized by virus SV40, have been established [36, 37].

Besides of mature spermatozoa in the seminal plasma, many other cellular types have been proved as
sperm precursors in different phases of maturation, but also various types of leucocytes (granulocytes,
monocytes/macrophages, etc.) [38]. The determination of the different cellular types in ejaculate material
and their differentiation to spermatogenic and/or to non-spermatogenic directions has been proposed as
important for development of novel diagnostic and therapeutic strategies [39—-41].

Different mechanisms of production, secretion and influence of immune molecules by cells, derived from
hematopoietic and non-hematopoietic progenitors have been proposed [42]. These features could vary in
the separate cells, tissues and organs. In this way, the current data supported the importance of various
intra- and extra-cellular inter-molecular interactions and cascade regulatory pathways, underlining the
cellular functions and differences between the separate cells, tissues and organs. Further studies should
be performed.

Conclusions

Besides by cells with hematopoietic origin, possibilities about expression and production immunogenic
molecules by non-hematopoietic cells, tissues and organs in appropriate conditions were suggested.
Probably these differences are due to the presence of cells in various phases of differentiation and
maturation. Different cascade mechanisms could be underlining these processes, in dependence of the
cellular type and environmental conditions. Further investigations are necessary in this direction.
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Figure 1

Proliferative activity of immune progenitors, derived from ex vivo-incubated hematopoietic stem cells in
the presence of appropriate cytokines and cytokine combinations.
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Figure 2

1% agarose gel electrophoresis for prove the presence or absence of additionally-inserted copy of mouse
oncogene DcnT in transfected mESCs, by standard PCR (lanes 2-5) and RT-PCR (lanes 6-9), by application
of specific primers, complementary of the used recombinant DNA-construct: respectively, M — marker

(lanes 1 and 10)

Figure 3
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Initial stages of myeloid and lymphoid differentiation of mESCs: non-containing additional oncogene
copy, incubated in the presence of GM-CSF (A); containing additional oncogene copy, incubated in the
presence of GM-CSF (B); co-cultivated sub-populations of containing and non-containing additional
oncogene copy initial myeloid-like and lymphoid-like progenitors, derived from both types of mESCs (C)
(Fixed light-microscopy preparations, stained by Giemsa-dye, magnification: 100 x)
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Figure 4

SDS-PAGE of mammalian seminal plasma (lane 2), as well as control protein lysates from synovial fluid
(lane 3), but also from control mammalian brain and pancreas (lanes 4 & 5); as well as extracts from
mammalian brain and pancreas with added extract of malignant cells to each one of them (lanes 6 & 7);
M — marker (lane 1), Coomasie-blue staining
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Figure 5

Electronogram of a leukocyte from an ejaculate of a patient with prostatitis, TEM, x10 000
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