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have not yet been conclusively established,
a variety of growth factors released by
these cells are known to provide such
multifunctional qualities.

Methods: Through the measurement of
cytokine levels, Annexin-V, and possible
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signaling pathways linked to apoptosis, we have assessed the impact of MSCs on CD34* leukemic
stem cells (LSCs) enriched from the KG1-a cell line. Additionally, culture medium was taken from
the experimental and control groups for the IL-2 and IL-4 measurement following a 7-day co-culture.
Results: Co-culture conditions were observed to promote early and late apoptosis, although this
increase just was statistically significant in late apoptosis. The co-cultured conditioned media
clearly showed a large amount of IL-2, but there was an insignificant rise in IL-4. Also, MSCs
significantly increased the protein expression of P16, P21, and p-P38 and significantly decreased

Conclusion: It can be concluded that the mentioned effects of IL-2 cytokine released from MSCs
on CD34* LSCs maybe were applied by the components of P16, P21, and p-P38, C-Myc signaling

pathways.

Introduction

Adult organs and tissues contain mesenchymal stem cells
(MSCs), which are undifferentiated multipotential cells
that can differentiate into a wide variety of cell types, such
as adipocytes, chondrocytes, osteocytes, neuron-like cells,
and other connective tissues." MSCs may also be involved
in transplantation, regeneration, and the treatment of
various illnesses, including neurodegenerative diseases,
cancers, blood malignancy, and genetic diseases, because of
their self-renewal, and comparatively non-immunogenic
qualities.>* Of the disorders listed, hematological
abnormalities and blood cancer have drawn the most
attention in relation to MSC-based cell transplantation.
Bone marrow-derived MSCs (BM-MSCs) have been the
subject of numerous research, and no tumor growth
has been reported following BMSC transplantation.

Furthermore, it was noted that BMSCs may promote
tumor growth by either improving the invasiveness of
tumor cells.” In other words, there are issues with these
cells, and it's still unclear what risks come with cell
treatment, especially for individuals who already have
cancer.® According to previous researches, interactions
between MSCs and cancer cells are crucial for promoting
the growth and invasiveness of malignancies.” For
instance, during tumor formation, tumor cells may alter
the surveying and molecular makeup of MSCs as stroma
cells, which may impact the characteristics of cancer cells.”
As a result, the two-way interaction between tumor cells
and MSCs is crucial for the growth and invasion of tumors
and for the formation of the intricate milieu known as the
tumor niche.*® As part of the normal stroma, fibroblasts
are the main cells that release extracellular matrix (ECM),
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which acts as a natural defense against the growth of
tumors.!® It has been suggested that tumor local stroma
progenitor cells can give rise to MSCs. Remarkably,
chemotactic gradients of cytokines generated from the
same injured tissues can force MSCs to move into those
tissues. '' Others, though, have discovered the opposite.
The impact of MSCs on the growth, proliferation, and
apoptosis rate of cancer cell lines has been investigated in
a number of research. For instance, Zhang found that co-
culturing MSCs with chronic myeloid leukemia (CML)
from newly diagnosed patients’ BM might result in a
significant amount of IFN-a being secreted, which would
stop the growth of CML cells."* According to a different
study by Fonseka et al, MSCs obtained from umbilical cord
blood may prevent the K562 cell line from proliferating
by causing it to stop in the GO/GI phase and increasing
the release of interleukin (IL)-6, and IL-8.!* However, it
was demonstrated that BM-MSCs might secrete soluble
cytokines, which would cause immunosuppression.'
However, descriptions of the type of growth factors and
cytokines released by BM-MSCs, as well as the underlying
mechanisms, are scarce. Up till now, every study has
demonstrated how MSCs affect cancer cells. In contrast,
Paino et al looked into how cancer cells affected the
development of MSCs obtained from adipose tissue. It
has been demonstrated that MSCs do not differentiate in
vitro or promote tumor angiogenesis in vivo when cancer
cells are present.!! These findings present intriguing
new possibilities for the interaction between stem cells
and cancer. The management of autologous fat grafts in
cancer patients may also be more cautious as a result of
these findings."

With this explanation, the purpose of this work was
to investigate how BM-MSCs affect CD34"leukemic
stem cells (LSCs) by looking at released cytokines and
certain apoptotic signaling pathways. The KG1-a cell line
was chosen for this investigation because it expressed
CD34*cells efficiently. By culturing CD34*LSCs alone
and co-culturing them with BM-MSCs (10:1), as well
as by utilizing flow cytometry and certain proteins
associated with apoptotic signaling pathways to analyze
the apoptosis experiment, this goal was accomplished.

Materials and Methods

Reagents

Unless otherwise noted, all chemicals and cell culture
plates were purchased from SPL Life Sciences Co., Ltd.
(Gyeonggi-do, Korea) and Sigma-Aldrich (Invitrogen,
Carlsbad, Calif., USA).

Culture of BM-MSCs

BM-MSCs were purchased from Qingqi (Shanghai)
Biotechnology Development Co., Ltd. and were cultured
in accordance with the earlier investigation.!* Briefly,
Dulbecco's Modified Eagle Medium (DMEM) low

glucose supplemented with 10% fetal bovine serum (FBS)
were used and cells were kept in an incubator at 37°C
and 5% CO,. After reaching 80-90% confluency, cells
were passaged using 0.25% trypsin (Gibco, UK) while
being kept in an incubator set at 37 °C with 5% CO,. The
medium was changed twice weekly.

Adipogenic and osteogenic differentiation of BM-MSCs
For multi-lineage differentiation of BM-MSCs, after
reaching the confluency of cells, the culture medium was
replaced with adipogenic and osteogenic differentiation
medium. For proper differentiation-specific labeling, the
cells were fixed with 4% (v/v) paraformaldehyde at the
end of the 21st day. Alizarin red (2% in distilled water)
was used for osteogenesis, and Sudan IIT (1% in 96%
ethanol) was used for adipogenesis.

Characterization of BM-MSCs

BM-MSCs were characterized by flow cytometry. To
put it briefly, 10x10° BM-MSCs were incubated for 30
minutes on ice with a suitable quantity of fluorescein
isothiocyanate (FITC)-conjugated antibody CD31 and
CD34, CD44, and CD90 (BD Pharmingen, San Diego,
CA, USA) (1ug/10°¢ cells). Following cell washing, the
fluorescence intensity of BM-MSCs was measured using
a fluorescence activated cell sorter (FACS) device, and the
data were examined using Flow]Jo software (version 6.2).

Enrichment of CD34*LSCs

The Magnetic Activated Cell Sorting (MACS) method
was used to isolate CD34'LSCs in accordance with
instructions supplied by Miltenyi Biotech Co. (Germany).
CD34*cells were enrichment from the acute myelogenous
leukemia (AML) cell line. After culture the acute
AML cell line KG1-a, the cells were briefly rinsed and
suspended in PBS buffer that was enhanced with 3-5%
FBS. In brief, KG1-a cells were incubated with 100 pL
of CD34*microbeads for 20 minutes at 4 °C. Following
a washing buffer rinse, the cells were separated using an
LS column that was attached to a MidiMACS Separator.”®
After the enrichment procedure, the CD34*cells were
collected for co-culturing procedure.

Co-culture of CD34*LSCs with BM-MSCs

After thawing, the viability of the cryopreserved BM-
MSCs was assessed using Trypan blue staining. 10% FBS
and 1% (v/v) streptomycin/penicillin solution were added
to DMEM low glucose growth medium to bring the cell
concentration down to 150x 10°/cm?® After culture, the
BM-MSCs were trypsinized, and seeded onto 6-well plate
trans-well inserts.

After 24 hours, two groups of BM-MSCs were given
separate additions of 10x 10> CD34*LSCs in 2 mL of
RPMI 1640 complete culture medium: the control group
and the experimental group (CD34*LSCs alone, and
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CD34*LSCs co-cultured with BM-MSCs, respectively) (at
a ratio of 10:1). On day 7, the cells from two control and
experimental groups were collected for western blotting
and apoptosis assessment. The supernatants were then
collected in order to measure the cytokines.*®

Apoptosis assay using Annexin V/PI

Annexin V/PI analysis was performed on both groups
in order to investigate the possibility that the co-culture
with BM-MSCs cytokines could induce apoptosis
in CD34*cells. Following the completion of the co-
culture phase, CD34*cells were collected, resuspended
in 1X binding buffer (reference number: 00-0055-56,
e-bioscience), and then transferred to at 4 °C. After
that, the cells were stained with binding buffer, FITC-
conjugated Annexin V (reference number: 11-8005-
74, e-bioscience) was added, and the combination was
incubated for 15 minutes at 25 °C. After the cells had
been washed, they were resuspended in a binding buffer
that contained 5 mL of PI. The cells were then incubated
for 15 minutes at 25 °C. The FlowJo software version
X.0.7.49 was used to perform the analysis on the data after
the fluorescence levels were determined with the help of
FACSCalibur (BD Bioscience).!®!”

Western blot analysis

As previously stated, BM-MSCs were collected at the
conclusion of the treatment period, lysed for 30 minutes
at 4 °C using RIPA buffer. Protein concentrations
were determined using the BCA protein assay (Pierce,
Rockford, IL, USA). Next, 50 ug of protein was loaded
onto a poly vinylidene difluoride (PVDF) membrane
using 12% SDS-PAGE. The membranes were blocked
for 60 minutes at 25 °C using 5% skim milk in TBS-T
(20 mM Tris, 137 mM NacCl, and 0.1% Tween 20). The
membranes were first incubated with primary polyclonal
antibodies (1:1000) against B-actin (sc-47778), BCLX (sc-
8392), STATG6 (sc-374021), p-STAT6 (sc-136019), C-EBP
(sc-150), C-Myc (sc-40), P16 (sc-377412), P21 (sc-6246),
P38 (sc-535), p-P38 (sc-166182), TERC (orb797714) and
secondary antibody (1:500, Santa Cruz Biotechnology,
CA) for an entire night at 4 °C. They were then washed

A

twice with TBS-T and incubated for 60 minutes at 25 °C
with goat anti-mouse secondary antibody (1:5000 Santa
Cruz) diluted in TBS-T. After that, the membranes were
cleaned, and protein bands were found using an X-ray
film and an improved chemiluminescence detection kit
(Roche, UK). Image] 1.6 software was used to quantify the
protein bands' strength, and each band's signal intensity
was normalized to the appropriate -actin control.'®

Cytokine measuring by ELISA

As stated earlier, the culture medium from the
experimental and control groups were collected. ELISA
was carried out as directed by the manufacturer (R&D
Systems, China). To put it briefly, detection Reagent A
was applied to a 96-well plate, and it was then incubated
for 16 hours at 4 °C. The 96-well plate was then filled
with cell culture medium containing IL-2, and IL-4
antibodies, and the ELISA sandwich technique was used
for investigating.'

Statistical analysis

The results were analyzed using the software program
GraphPad Prism version 6.01. With using a t-test and two-
way Anova, the statistical significance was determined at
P<0.05.

Results

In vitro multi-lineage differentiation of BM-MSCs

Like other MSCs, BM-MSCs were able to adhere to
culture plastic flasks. They also resembled fibroblasts
in morphology, appearing as spindle-shaped cells (Fig.
1A). Additionally, Sudan III and Alizarin red staining
demonstrated the BM-MSCs' adipogenic and osteogenic
differentiation, respectively. To put it briefly, Sudan III
was utilized to stain the lipid droplets at the conclusion
of adipogenesis. Additionally, the presence of mineralized
compartments as a consequence of the osteogenic therapy
after Alizarin red staining was shown by the redness of the
nodules (Fig. 1B and 1C).

Immunophenotypical characterization of BM-MSCs
Asseenin Fig. 2, the cells were examined for the expression

Fig. 1. BM-MSC morphological characteristics (A) BM-MSCs with a spindle-shaped morphology that emerges 21 days after cell culture. BM-MSCs undergo
two-lineage differentiation; (B) lipid vacuoles are generated following adipogenesis and stained with Sudan Ill; (C) mineralized cell aggregates undergo

osteogenic differentiation and Alizarin red staining; (scale bar=40X).

Biolmpacts. 2025;15:31302 I3



Ding and Jia

of a panel of cell surface markers. According to the
findings, BM-MSCs tested negative for the hematopoietic
markers CD31 (0.4%) and CD34 (0.2%), but positive
for the mesenchymal markers CD44 (90.6%) and CD90
(92.7%).

Investigation of apoptosis percentage

The late apoptotic or necrotic cells are positive to both
Annexin V and PI (Annexin*, PI*), while early apoptotic
cellsare Annexin V positive and PI negative (Annexin*, PT
). Following the seventh day of co-culture of CD34*LSCs
with BM-MSCs, the contour diagrams of Annexin V and
PI-stained CD34*LSCs using flow cytometry are displayed
in Fig. 3. In other words, CD34*LSCs co-cultured with
BM-MSCs showed 1.94% and 2.64% early (Annexin®*,
PI') and late apoptosis (Annexin*, PI*), respectively. The
findings imply that BM-MSCs would cause an amount of
apoptosis in CD34*LSCs, but this effect just significant in
late apoptosis.

Western blotting analysis

Western blotting was used to analyze the protein
expression in order to assess the anti-apoptotic effect
of cytokines released from BM-MSCs (Fig. 4). In this
panel, BCLX, STAT6, p-STAT6, C-EBP, C-Myc, P16,
P21, P38, p-P38, and TERC were investigated. As shown
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in Fig. 4, the protein expression levels of P16, P21, and
p-P38 was significantly increased about 3.64, 3.33, 1.69
folds, respectively (****P<0.0001 and ***P<0.001). In
addition, the significant decrease was seen in the protein
expression of C-Myc and TERC about 0.37 and 0.36,
respectively (**P<0.01).

Cytokine secretion measurement

According to the results, it was found that the co-culture
condition increases the release of some cytokines that
affect CD34*LSCs. The ELISA sandwich technique was
used to examine the cytokines (IL-2 and IL-4) found in
the cultured medium from both control and experimental
groups (Fig. 5). The results indicated that the experimental
group's secretion of IL-2 and IL-4 was higher than that
of the controls. This increase just significant about IL-2
in the culture medium of the experimental group in
comparison to the controls (**P<0.01).

Discussion

Cancer is one of the world's leading causes of morbidity
and mortality. In contrast to other therapeutic
procedures like radiation, chemotherapy, and surgery,
these methods are frequently constrained by the possibility
of metastatic recurrence, drug resistance, or problems.?"
This justification has drawn researchers and physicians to
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Fig 2. The expression of the BM-MSC cell surface markers as determined by flow cytometry. The isotope controls served as the experiment's negative control,
and each cell surface marker was examined separately by distinct cell population distributions. The isotype controls have been shown by red color. The BM-
MSCs tested negative for (A) CD31 (0.4%) and (B) CD34 (0.2%), but positive for (C) CD44 (90.6%) and (D) CD90 (92.7%). Red dots indicate the isotype control.
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Fig 3. Investigating the percentage of apoptosis in CD34*LSCs co-cultured with BM-MSCs. Early apoptosis was represented by the bottom-right quadrant
panel; late apoptosis by the top-right quadrant panel; and necrosis by the top-left quadrant panel. Cells that have not been stained (A), the control group
(B), and the experimental group (C). Part D displayed the apoptosis quantification.
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Fig. 5. The secretion levels of cytokines IL-2 and IL-4 from two groups: control (CD34*LSCs alone) and experimental (CD34*LSCs co-cultured with BM-

MSCs) (**P<0.01; compared with control group).

stem cell-based therapy as an alternate treatment.”** The
capacity of stem cells to self-renew, develop into different
cell types, and create colonies of clonal cells generated
from a single cell makes them a unique population. In
stem cell-based therapy, MSCs are given more weight than
other types of stem cells. Regenerative medicine, grafting,
scar remodeling, and functional tissue restoration all
employ MSC-derived tissues as innovative treatments.”
Stem cell-based therapies are becoming more and more
promising for use in anticancer medication screening
and cancer treatment.” Because stem cells can locate and
target primary and metastatic tumor foci, they can serve as
innovative delivery systems.” In preclinical animal models,
tumor sizes are reduced by stem cells that are designed
to consistently express different bioactive molecules.
Numerous studies have demonstrated that various MSC
types can stop tumor growth both in vitro and in vivo.

For instance, BMSCs have been shown by Secchiero et
al to suppress tumor growth in immunocompromised
mice that had disseminated non-Hodgkin's lymphoma
xenografts. * Additionally, rat mammary cancer was
entirely suppressed by umbilical cord matrix stem cells
in another investigation, with no signs of metastasis or
recurrence. Adipose tissue-derived MSCs (ADSCs) have
also been shown to have anti-tumor and anti-proliferative
properties. In a model of pancreatic adenocarcinoma,
Cousin et al found that intra-tumoral injection of
ADSCs suppressed tumor growth.” Additionally, it was
discovered that ADSCs prevented human U251 glioma
cells from growing in vitro*® Additionally, Yang and
colleagues found that ADSCs inhibited the proliferation
of the breast cancer cell line MCF-7, the rectal cancer
cell line HT29, and the lung cancer cell line A549.°
Although MSCs have been shown to suppress tumor cells,
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conflicting data has also been documented. MSCs derived
from BM and any type of connective tissue have been
shown to offer a milieu for the proliferation, survival, and
differentiation of leukemic and normal hematopoietic
cells.*"** Furthermore, it was observed that the BM-MSC
population seems to be important for leukemogenesis and
helps with chemoresistance by producing certain soluble
mediators.*® According to a different study by Sun et al,
BM-MSCs were crucial for the growth and angiogenesis
of melanoma cells** The repopulation of normal
HSCs depends on the BM microenvironment, which
is why research on BM-MSCs is increasing. Numerous
researchers in the domains of tissue engineering, cell
transplantation, and cancer treatment are interested in
BM-MSCs and ADSCs.

A cytokine network, which is made up of growth factors
and cytokines, can provide cells flexibility and stability
while accelerating their reaction to a given stimulation.
Although it is generally recognized that a number of
growth factors released by nearby MSCs play a significant
part in the cytokine network, little is known about the
molecular components of these factors and their specific
functions.”” MSCs release a number of cytokines and
growth factors that are important in regulating cancer
cells. MSCs can create prostaglandin E2 (PGE2) upon
activation of IL-la and IL-1b released by colon cancer
cells, according to a study by Li et al. MSCs secrete IL-6 as
a result of this stimulation, which enhances the stemness
characteristics of colon cancer cells.** According to one
study, IL-6 can cause colorectal cancer stem cells (CSCs)
to display Oct4 and Sox2, two pluripotent markers, in
conditioned media-derived MSC cultures.” Actually, two
of the aforementioned research showed that the cytokines
released by MSCs induce CSCs to grow significantly and
encourage the invasion and proliferation of cancer cell
lines. These findings contradict the previous study by
Farahzadi et al. (2024) and also the hypothesis of our
study.® The experimental group in our current study
showed a significant increase in IL-2 and IL-4 levels in
comparison with the control group. One of the most
significant cytokines used in cancer treatment is IL-2.%
The use of MSCs may be an approach to lower toxicity
and provide targeted delivery of IL-2, such as maintaining
high levels of IL-2 in the tumor microenvironment,
because MSCs can migrate toward tumor locations.”
According to reports, IL-2 modulates both effector and
regulatory T-cells, which have the ability suppress an
immune response against tumors.*

With such explanations, we used an apoptotic assay
and some protein expression associated with signaling
pathways to assess the impact of BM-MSCs co-cultured
with CD34*LSCs. According to past research, apoptosis
is commonly measured using the fluorescent probe
Annexin V/PI, which binds to phosphatidylserine that
is visible on the surface of apoptotic cells. On the other

hand, assessing the biological response to cell treatment
requires an understanding of and attention to the process
of cell damage or death brought on by growth factors and
cytokines generated by MSCs. Following co-culturing
with BM-MSCs, the percentage of early and late apoptotic
cells increased, but this increase was not significant. It was
determined that the rate of early and late apoptotic cells
was elevated, in accordance with the results of Annexin
V/PI in which 1.66% and 1.10% in the control group
eventually reached 2.64% and 1.94% after co-cultured
with BM-MSCs, respectively.

Different studies have been done on the effect of some
apoptotic protein expression on cell cycle progression and
proliferation.**2 P21 is a well-known cell cycle inhibitor
that, by blocking cyclin-dependent kinases (CDK)4,6/
cyclin-D and CDK2/cyclin-E, respectively, can stop
the progression of the cell cycle in the G1/S and G2/M
phases. It is thought that transcription factor E2F activity
regulation mediates P21's control over cell proliferation.*
Although P21 may interfere with the cell cycle, it might
additionally protect cells from apoptosis. This capability
mostly depends on the transcriptional control of genes
via protein-protein interactions or P21's DNA repair
activity. Cytoplasmic P21, for example, has the ability
to attach to and block the action of proteins that induce
apoptosis.* Numerous investigations have demonstrated
that P21 plays a crucial role in the development of
cancer and the growth of tumors. The most well-known
oncogenic activity of P21 is its inhibition of apoptosis.*®
This is demonstrated by the fact that radiation-induced
P21 knockdown reduces carcinogenesis. In addition, P21
is essential for the synthesis of genes involved in DNA
repair, apoptosis regulation, and cell cycle progression.
These genes include p300/CPB, NF-B, C-Myc, STAT,
and the E2F family.*® Another crucial element that affects
differentiation, cell cycle regulation, and apoptosis is
C-Myc. Numerous studies have suggested that C-Myc may
inhibit P21. C-Myc can repress P21 function in a number
of ways. For instance, it can block P21 transcription by
interacting with transcriptional factors like MIZ-1. This
interaction causes C-Myc to induce apo-ptosis by blocking
P21 activity. C-Myc can recruit the transcriptional factor
AP4, which binds to the P21 promoter and suppresses
P21 transcription. Additionally, C-Myc represses
P21 transcription by forming a ternary complex with
transcription factor AP4 and histone demethylases like
KDMS5B. MicroRNA (miR) 17-92 is induced by C-Myc
and cleaves P21 mRNA.* Furthermore, P21's interaction
with NF-kB and STAT increases the activation of
apoptosis by inhibiting anti-apoptotic proteins such BCL-
2, c-FLIP, BCL-XL, and XIAP.

We anticipated a decrease in the expression level of
proteins P21 and C-Myc, yet Fig. 3's apoptosis appears to
originate from a different pathway than pathway P21 and
C-Myc. Numerous recent investigations have shown that
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caspase 3 cleaves P21, which causes cancer cells to undergo
apoptosis. Furthermore, P21 can prevent the activation
of caspases 3 and 9 when the TNF-related apoptosis-
inducingligand (TRAIL) death receptor triggers apoptosis
in cancer cells, thereby shielding them from IR-induced
apoptosis.* As previously investigated by Farahzadi et al,
the caspase-3 expression was significantly increase in the
co-cultured group of MSCs with KG-1 cell line. It seems
in our study, maybe the apoptotic effect is caused by
increasing expression of caspase-3.

There may be some possible limitations in this study;
lack of data related to the co-culture effects on upstream
components of the mentioned pathways or other related
signaling pathways, including Wnt and Notch. Hopefully,
in future studies by researchers, they will be able to design
a new study to investigate the targeting of upstream
components of the mentioned pathway or other related
signaling pathways, including Wnt and Notch.

Conclusion

Given the available data, it is still unclear how MSCs
affect cancer cells because of conflicting effects that may
or may not promote the proliferation of cancer cells.
Unfortunately, biological connections between MSCs
and cancer cells influence MSCs' relationship with tumor
cells, complicate this process. There is no question that
when MSCs are employed in patients who have a history
of cancer, care should be taken in the field of cell-based
therapy. To put it another way, if cancer cells survive
surgery, they will most likely stimulate indigenous MSCs
to encourage tumor angiogenesis, which will lead to tumor
growth. In this regard, the results of the study showed
that exposure to BM-MSCs significantly increased the
late apoptosis of CD34*cells enriched from the KG-1a cell
line. The anti-tumor actions that BM-MSCs facilitate are
thought to be significantly influenced by cytokines such
as IL-2 and IL-4. The significant apoptotic induction seen
in the co-culture medium of BM-MSCs and CD34*LSCs
implies that these cytokines may be implicated in signaling
pathways, including P21, P16, and C-Myc.
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