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Mesenchymal Stromal/Stem (MSCs) cells possess a remarkable capacity as a therapeutic option
for many diseases. These cells have immunomodulatory, proangiogenic, regenerative and anti-
inflammatory capabilities. In spite of possessing such properties, these cells behave differently in

the in-vivo environment in the diseased condition, and in many instances lose their therapeutic

*Corresponding Author:

Aruna Rakha

Department of Translational and
Regenerative Medicine, Post Graduate
Institute of Medical Education and
Research, Chandigarh, India

Contact no: +91-9855711747

E-mail: arunarakha7@gmail.com

potential. This case report presents evidence about empowerment of MSCs from a pregnant
woman who underwent a set of yogic exercises during her pregnancy. MSCs isolated from this
woman were found to be in a better state post-cryopreservation, and also while mediating their
immunomodulatory effect.
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Introduction

Mesenchymal stem/stromal cells (MSCs) exhibit various
properties like self-renewal capacity, multilineage differen-
tiation, angiogenesis and immunomodulatory properties.
These features make them an extremely promising tool for
translational research and clinical applications. MSCs are
found in various adult tissues and the cues in the micro niche
dictate their fate and function (1,2). It is known that various
categories of exercises can affect the extracellular matrix
composition, inflammatory milieu, and such changes in the
niche lead likely to the alteration of tissue-specific stem cell
populations and their functions post-exercise (3-5). The
clinical application strategies of mesenchymal stem cells are
still evolving, and in spite of their extra ordinary properties,
the deployment of MSCs is not completely reflected in the
clinical trials (6).

The requirement of the MSCs to be cultured in vitro for
upto 3-4 weeks for their cultivation and expansion may be a
deterrent to the realization of some of their biological func-
tions. Furthermore, harsh environment in vivo post-injection
in the recipient in its diseased state leads to them having
shorter life-span (7). Licensing and optimization of MSC cul-
ture conditions are key strategies to improving the MSC func-
tions in vitro and in vivo. All of these procedures reportedly
contribute to enhancing the MSC transplantation efficacy in
tissue engineering and regenerative medicine (8).

In this report, we have analysed the MSCs from the
Wharton’s jelly of a yoga-practising woman and found them
to be possessing better properties. If tested and proved

to be working in cells isolated from a larger sample size of
yoga-practising pregnant women, such MSCs might be more
effective when used for therapeutic purposes.

Yoga Protocol

The mother practised the yoga exercises as per (Table 1).

Table 1: Yogesta Protocol

2nd Trimester Practices, its sitting relaxation posture,
Siddhasana instead of sitting relation posture, Siddhasana
(60 minutes)
Practices Duration
Brief Invocation 2 min
Head Stretch, Side stretch, Hand in/out 1 min each
Loosening Fingers, Loosening wrist 1 min each
Ankle stretch 1 min
Neck exercises 1 min
Quick relaxation technique (QRT) 3 min
Side bending, Shoulder rotation 1 min each
Twisting % min
Instant Relaxation Technique (IRT) 2 min
Tadasana (Initial Standing Posture), Ardhakati 1 min each
Cakrasana (Right Bending), Standing Relaxation
Posture
Dandasna (Initial Sitting Posture), Vajrasana 1 min each
(Thunderbolt Pose), Vakrasna (side twist)

(Continued)
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Table 1: (Continued)

2nd Trimester Practices, its sitting relaxation posture,
Siddhasana instead of sitting relation posture, Siddhasana
(60 minutes)

Practices Duration
BadhaKonasana (Bound Angle Pose), Upavista 1 min each
Konasana (Wide angle seated forward bend)

Sitting Relaxation posture, Siddhasana (Perfect pose) | 1 min each
Deep Relaxation Technique (DRT) 5 min
Savasana (left lateral position) 2 min
Anulom Vilom (Alternative Nostril Breathing 3 min
Technique)

Sitali, Sitkari, Sadanta (Cooling Practices) 3 min
Bhramari (bee breath) 2 min

Abdominal, Thoracic and upper lobar 1 % min each

Meditation 10 min
Trataka (Trotter-meditation) 2 min
Brief Invocation 2 min

3" Trimester Practices (40 minutes)

Brief Invocation 2 min
Head Stretch, Side stretch, Hand in/out 1 min each
Loosening Fingers, Loosening wrist 1 min each
AnKkle stretch, neck exercise, shoulder rotation 1 min each
Instant Relaxation Technique (IRT) 3 min
Anulom Vilom (Alternative Nostril Breathing 3 min
Technique)

Sitali, Sitkari, Sadanta (Cooling Practices) 3 min
Bhramari (bee breath) 2 min
Deep Relaxation Technique (DRT) 5 min
Meditation 10 min
Trataka (Trotter-meditation) 2 min
Brief Invocation 2 min

Case Presentation

Isolation of Mesenchymal Stromal Cells

Human umbilical cord tissue was taken from the full-term birth
of patient P1 from the Department of Obstetrics & Gynecology,
PGIMER, Chandigarh (The patient’s consent was obtained and
the respective approvals were taken from Institute ethics com-
mittee and Institute stem cell committee). P1 was 27 years
in age and had no history of chronic infectious disease, STD
or hepatitis. MSCs were isolated from the Wharton's jelly
(WJ-MSCs) from the umbilical cord tissue using standardized
explant method. W] pieces were washed with Phosphate-
Buffered Saline (PBS), seeded in T-25 flasks and cultured in
complete a-Minimum Essential Medium (Sigma Aldrich™).
Cells were kept in an incubator with 5% CO, at 37°C. After
70-80% confluence was achieved, cells were trypsinized and
expanded till required passage number 2.

Characterization of MSCs

MSCs were characterized both phenotypically and func-
tionally in accordance with the International Society for
Cell Therapy (ISCT) guidelines (9). MSCs were phenotyped
for standard markers including CD34, CD45, CD11b, CD19,
HLA-DR, CD73, CD90, and CD105 (BD Stemflow™ Human
MSC Analysis Kit) through flow cytometry (BD FACS ARIA II).
Cell count and viability were determined by staining with the
Annexin-V kit (Sigma Aldrich), as per manufacturer’s proto-
col. Cells negative for annexin V and Propidium lodide were
counted and recorded as the viable population. MSCs were
assessed for their multilineage differentiation potential to
adipocyte, chondrocyte and osteogenic lineage.

Cryopreservation of MSCs

MSCs were cryopreserved in 10% Dimethyl Sulphoxide (DMSO)
[Sigma Aldrich™] and 90% Fetal Calf Serum (FCS) [LONZA™]
at 1°C/min cooling rate and stored in liquid nitrogen the fol-
lowing day. Their viability was analysed after 2 months.

Immunomodulatory Capacity of MSCs

Following the cryopreservation of two months, MSCs were
analysed for their immunomodulatory capacity in a mixed
lymphocyte reaction (MLR). CFSE (carboxyfluorescein succin-
imidyl ester) [Thermofisher Scientific™] labelled responder
cells (peripheral blood mononuclear cells - PBMCs) were
co-culture with mitomycin inactivated stimulator cells at a
cell number of 0.3 x 10° for each to induce lymphocyte prolif-
eration. Unprimed MSCs (Control MSCs) or yoga-conditioned
MSCs (Y-MSCs) were added to the MLR at a 1:10 ratio (MSC:
PBMC). Co-cultures were incubated for four days at 37°C in a
CO, incubator, before analysing the proliferation of PBMCs in
the cultures. The cell proliferation was analysed by acquiring
the cells in flow cytometry and proliferation index was deter-
mined using Flow jo software.

MSCs stained with fluorochrome labelled antibodies
showed >95% positivity for CD73, CD90 and CD105 in both
the control MSCs (C-MSCs) and Y-MSCs (Figure 1). The pattern
of both C-MSCs & Y-MSCs was similar for adipogenic, chondro-
genic and osteogenic differentiation abilities.

Interestingly, post cryopreservation the viability of
Y-MSCs was 96% as compared to 82% viability of C-MSCs
(Figure 2). Moreover, the proliferation index of PBMCs was
significantly reduced in YMSCs group when compared to the
unprimed group (Figure 3).

Discussion

Physical exercise and yogic kriyas have known beneficial
effects on overall healthy being. Considering the cellular
level, endogenous MSCs contribute to tissue homeostasis but
are largely insufficient in case of severely damaged tissues.
Therefore, developing MSC therapeutics holds great prom-
ise for the regeneration and immune modulation for various
disease conditions. They display unique immunomodulatory
properties due to the paracrine factors secreted by them (10).
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Figure 1: Phenotypic characterisation of Y-MSCs: 100% positive ex-
pression of CD73, CD90 & CD105 as analysed by flow cytometry.

However, the complete efficacy of MSCs is not reflected ade-
quately in terms of their clinical usage, and various regimens
are being tried to license them to be functionally stable and
more effective. They perform better if preconditioned in tai-
lor made conditions according to the pathophysiology of the
targeted diseased condition (11). Furthermore, for off-shelf
supply, these cells have to be cryopreserved for on-demand
availability. With the goal of understanding if yoga potentiates
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Figure 2: Comparison of viability of C-MSCs & Y-MSCs post cryopres-
ervation for 2 months. The cells were stained with propidium iodide/
annexin V and analysed by flow cytometry.
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Figure 3: Comparison of responder PBMCs and their proliferation
in response of C-MSCs & Y-MSCs. Flow cytometric analysis plots in-
dication the percentage proliferation index of Responder cells, flow
cytometry was performed on Day-5 post-coculture.

Proliferation Index

the capabilities of MSCs, this study was designed to understand
the effect of cryopreservation on yoga-primed MSCs in terms
of their viability and immunomodulation functional capacity.
Various form of exercises have been reported to influence the
biological properties of MSCs in various model systems (12-
15), including their immunomodulation. Taken together, the
results from our study provide a proof of concept indicating
two significant findings which contribute to understanding
the role of yoga in modulating properties of MSC. We propose
that on account of having practiced a set of yoga exercises, the
Y-MSCs revive in a better way with higher viability and, that
the Y-MSCs become more potent immunomodulators.

Conclusion

This study forms a platform for testing the hypothesis
in characterising WJ-MSCs from a larger cohort of yoga-
practising pregnant women having genetic heterogeneity, and
has implications in addressing pertinent issue of data gaps
in the upcoming scientific field of evidence-based traditional
medicine.
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Informed consent

The study was verbally explained to the patient and written
consent was signed by the patient.
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