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Abstract
Objective: Waiting to look young is not a new idea; the search for effective treatments prolonging
youthfulness has been going on over many decades. Many scientific evidences have been suggestive of intensive or prolonged mind and body therapies (MBT) improving overall wellness and
have anti-aging effects. However, the genetic basis of MBT-induced anti-aging and youthfulness
are largely unknown. It is also known that aging adversely affects hematopoiesis in human
through controlling compromised hematopoietic stem cells (HSC) and peripheral blood mononuclear cells (PBMNC’s). In this paper, we focus on evaluating changes in the expression levels of a
critical panel of genes that regulates aging in PBMNC’s isolated from participants from MBT program. Design: Here, we have investigated the effects of a short intensive MBT program on aging
related gene expression changes in the peripheral blood stem cells using affymetrix DNA microarray platform. A total of 108 people selected form many ethnicities were enrolled in the study; 38
men and 70 women (aged 18 - 90) randomly assigned for the study. PBMNC’s were collected from
the volunteers before and after the completion of the MBT program and evaluated for meditation
by examining gene expression patterns in peripheral blood stem cells. Results: Critical pathways
known to regulate aging process such as pro-inflammatory TNF alpha/NF-kB, IL-12 signaling
pathway, hypoxic HIF-1-alpha, key regulator of programmed cell death, C-MYC, and P38 MAPK
(mitogen-activated protein kinase) signaling pathway found to be dysregulated in the cohorts
compared to subjects prior to MBT program. Furthermore, GATA-2 and Bmi1, key regulators of
hemtopoiesis and adult stem cells numbers, went up in the mediated group. Additionally, key
pro-inflammatory mediators IFNγ and STAT-2 went down in the mediated group. Conclusion: MBT
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augments critical genes in PMBC which upregulate hematopoiesis and stem cell numbers and also
controls genes that regulate age-related complications.
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1. Introduction
Over the past 150 years, improvements in standards of living and advances in medical science have doubled life
spans in much of the world [1]. According to 2014 world population data sheet, today, average life expectancy is
increasing every day leading to gradual aging in a large population of the society.
In view of the remarkable increases in human life expectancy, there is an urgency form the biomedical community to understand the connection between aging and aging-related diseases since the major burden of ill
health falls on the aging population of the society. Notwithstanding of the fact that aging is a biological inevitable process and not a pathological condition, it is correlated with various skin and body pathologies, including
degenerative disorders [2]-[4]. Furthermore aging may cause organ failure and even death over period of time.
Thus the knowledge of a panel of key genes and the underlying mechanisms that regulate their expression will
be useful to understand the causes for organ failures and loss of rejuvenating organs or tissue in the body as we
become older.
In the recent past integrative medicine (IM) approaches including yoga, meditation, neutraceuticals and
breathing controls exercise, popularly termed as mind and body therapies [5], have been considered to have potential rejuvenating effects on aging human tissue/organs. It was also shown recently [6] that aging caused a decline in hematopoesis leading to poor blood formation and parallel decrease in stem cell numbers.
How aging affects the hematopoetic stem cells (HSC’s) and the quality of PBMNC’s remains to be deciphered. We hypothesized that MBT might give rise to marked gene expression changes of key genes and pathways controlling aging and rejuvenation of tissues in the body.
Therefore, the objective of this study was to evaluate the regenerative effects of our MBT on the HSC’s and
PBMNC’s through expression profiling of genetic markers and key signaling pathways in people undergone
meditation and in people prior to meditation.

2. Materials & Methods
2.1. Study Design & Labeling
MBT program:
40 healthy adult volunteers male and female were enrolled in our intensive MBT program (Inner Awakening
Yoga) for 21 days. Volunteers donated blood samples with informed consent for the differential gene expression
study before and after the MBT program. Samples collected from the volunteers before program were designated as BIAY group and those after the program were designated as AIAY group. BIAY was considered as the
control group and AIAY was considered as the test group. Sample numbers 1 - 10 were pooled in as BIAY1
matched against sample numbers 1 - 10 of after samples as AIAY1 and BIAY1 Vs AIAY1. Same procedure was
repeated from 10 - 20, 20 - 30 and 30 - 40 and they were named and matched respectively as BIAY2 Vs AIAY2,
BIAY3 Vs AIAY3, BIAY4 Vs AIAY4. Human whole genome HG-U133_Plus_2 chips form Affymetrix (Santa
Clara, CA, USA) was used for this study.

2.2. Blood Sample Collection and RNA Storing
On day 1, 5.0 ml of peripheral blood was collected from the volunteers in vaccutainers (BD Bioscience, San
Jose, CA, USA) and then mixed with 25 ml of EL Buffer (Erythrocyte Lysis Buffer, Qiagen, Valencia, CA,
USA). The RNA extraction was done using manufacturer’s instruction (Qiagen). The samples were incubated
for 10 minutes on ice, mixed thoroughly by brief vortexing twice during incubation, kept for 10 - 20 minutes and
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centrifuged at 4000 rpm for 10 minutes at 4˚C. The supernatant was completely removed and discarded. After
20 minutes, visible pellets were suspended in 10 ml RNA later (Qiagen, Valencia, CA, USA). The identical
procedures were carried out on the sample collected on 21 day of the program.

2.3. Microarray Data Analysis
For microarray data analysis software version GeneSpring 11.5 was used. The CEL files were imported in Affymetrix (Santa Clara, CA, USA) expression workflow using Technology for HG-U133_Plus_2. 5 µg of total
RNA was used for GeneChip analysis.
Summarization: Like RMA, GCRMA, MAS5, PLIER 16 and LiWong were tried and finally MAS5 was
opted for summarization. This also provided Flag information for the Probe sets. Baseline to median of all samples was applied for this data.
Statistics: A t-test unpaired was used to identify the differentially expressing entities.

3. Results
Gene ontology (GO) is a major bioinformatics tool to unify the representation of gene and gene product
attributes across all species used to address the need for consistent descriptions of gene products across databases as opposed to gene nomenclature which maintains and develops controlled vocabulary of gene and gene
products and is not unified across all species, has shown significantly enriched GO terms; an unifying vocabulary denoting a particular gene or gene product across species [7]. Furthermore, since the number of known
pathways within cells is significantly smaller than the number of genes and GO terms that are typically profiled,
the layout of data from a gene-centric view to a pathway-centered ones results a dramatic reduction in the number of dimensions and can help biologist to understand and interpret the data in a manner that is not possible
when viewed as a collection of individual genes. The pathway analysis of the expression data in peripheral
blood stem cells in this study has revealed significant gene expression differences in 22 pathways between
groups before and after the MBT program. The results are shown in Table 1.
Table 1. Microarray data reveals key pathways that show marked changes in the gene expression in PMBC
due to MBT program.
Pathways

References

P38 signalling mediated by MAPKAP kinases

[8]

P38 MAPK signaling pathway

[9]-[11]

Validate targets of C-MYC transcriptional activation

[12]

VEGFR1 specific signal

[13]

TNF alpha/NF-kB

[14] [15]

TGFBR

[16]

Hypoxic and oxygen homeostasis regulation of HIF-1-alpha

[17]-[19]

Endogenous TLR signaling

[20]

Direct interactions

[21]

Cellular roles of anthrax toxin

[22]

C-MYC pathway

[23]

BMP receptor signaling

[24]

Androgen receptor

[25]

Androgen-mediate signaling

[26]

ATF-2 transcription factor network

[27]

Signaling mediated by p38-alpha and p38-beta

[9] [10]

Regulation of p38-alpha and p38-beta

[11]

Regulation of androgen receptor activity

[28]

N-cadherin signaling events

[29]

IL27-mediated signaling events

[30]

IL12-mediated signaling events

[31] [32]
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Some of the critical pathways known to regulate aging process, such as 1) pro-inflammatory TNF alpha/NF-kB; 2) IL-12 signaling pathway; 3) hypoxic HIF-1-alpha; 4) key regulator of programmed cell death,
C-MYC; and 5) P38 MAPK (mitogen-activated protein kinase) signaling pathway, found to be dysregulated in
the cohorts compared to subjects prior to MBT program. In addition, TGFβ (transforming growth factor-beta)
pathway, which was a positive regulator of collagen synthesis [33] and critical for enhancement of facial rejuvenation, showed significant gene expression difference between control and meditated groups.
Significant genes either 2-fold up or 2-fold down were EIF4E, BMI1, TMEF2 that are known to be key players in C-MYC pathway. Additional key genes of C-MYC pathway such as EP300, PKN2, HSP90AA1, TMEFF2,
IREB2, CREB1 were also found to be significantly altered (more than 2-fold) in people after meditation. Moreover, expression of a potent pro-inflammatory cytokine interferon-gamma went down 2.51-fold and also STAT2 (Signal Transducer and Activator of Transcription 2), a critical regulator of pro-inflammatory response [34]
went down 2.47-fold in the meditated group compared to pre-meditated subjects, thereby indicating a reduction
of chronic inflammation in the meditated group. Chronic inflammation has been shown to induce telomere dysfunction [35] and thereby can accelerate aging and age-related complications.
Besides pathway analysis, individual data for 420 upregulated and 165 downregulated entities (genes) were
obtained from the microarray data. The results are presented in the supplementary Table S1.
http://www.diponed.com/publications
Activating Transcription Factor-2 (ATF2), which is implicated in DNA damage response, cell cycle and
apoptosis [36], and thereby regulates cellular senescence, went up 6.86-fold after the meditation. Furthermore,
ATF2 has been shown to downregulate c-Jun N-terminal kinase; a critical mediator of cellular inflammation
[36]. Additionally, RSP11 (Ribosomal protein, small subunit) was 6.5-fold down in the meditated group. It has
been reported that knockdown to RSP11 increased lifespan in mice [37]. Expression of CREB1 (cAMP response
element binding protein 1) was up (2.19-fold) in the meditated group which was a known regulator of a key aging-related gene ATM (ataxia telangiectasia mutated) which is an early-onset disease and is characterized by
signs of premature aging [38].
Very interestingly, zinc finger transcription factor GATA-2, a critical regulator of hematopoietic stem cells
and progenitor cells [39] (HPCs) that eventually yield specific classes of blood cells, went up 2-fold in the meditated group compared to pre-meditated people. Furthermore, polycomb ring finger oncogene Bmi1, which is
essential for the self-renewal of adult stem cells through the repression of genes involved in cellular senescence
[40], went up 2.89-fold in the mediated group, thereby indicating enhancement of stem cells numbers in the meditated group which in turn can slow-down the aging process since there is an overall decline in the stem cell
numbers with age.

4. Discussion
Aging is a natural aspect of life. Mind and body therapies have long been considered to have rejuvenating effects on overall human wellbeing. However, the underlying mechanism(s), especially the genetic mechanism is
still not completely understood. Thus, understanding the critical molecular pathways and the genes that cause
the progressive decline of cellular and tissue functions due to aging and thereby can affect overall well-being
and youthfulness may aid in developing targeted therapies to delay or treat age-related conditions and diseases.
Thus we propose that MBT is critical to abrogate the deleterious genetic changes associated with aging process.
Here we have shown significant gene expression changes of many aging-related genes and pathways in
PMBCs of practitioners compared to pre-mediated people during a comprehensive MBT program. First, in this
study, one of the critical pro-inflammatory pathways TNF alpha/NF-kB was found to be dysregulated in the meditated cohort. It is well-known that augmentation of NF-kB signaling accelerates the aging process and its activators serve as important biomarkers for aging. Furthermore, another pro-inflammatory IL-12 pathway and its
key mediator gene IFN-γ were down in the meditated group, thereby indicating reduction of chronic inflammation due to MBT which may slow-down the aging process and aging-related complications including loss of tissue rejuvenation due to aging. Second, activation of hypoxic HIF-α pathway which is one of the key regulators
of aging process was dysregulated in cohort prior to MBT program in our study. Third, CMYC is another critical pathway that controls aging. In our study we clearly observed dysregulation of this pathway in people prior
to MBT program. EIF4E (Eukaryotic initiation factor 4E): a principle regulator of protein synthesis and a clinical gene under CYMC pathway. The reduced expression of EIF4E led to decrease in global protein synthesis
and protected from oxidative stress and extends lifespan in lower eukaryotes [41] was found to be up regulated
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in mediated cohort. Furthermore, another critical gene under CMYC pathway such as TMEFF2 [42] (transmembrane protein with EGF-like and two follistatin-like domains 2) was down in the meditated cohort. Genetic variation of TMEFF2 has been shown to affect human longevity [43]. Fourth, in our study P38 MAPK, a key regulator of pro-inflammatory cytokine biosynthesis which induces low-grade chronic inflammation associated with
aging was found to be affected by MBT program. Taken together, our data clearly indicated the beneficial effects of MBT program by controlling the gene expression changes of well-documented gene signaling pathways
associated with aging. Additionally all these data suggest that physiological changes associated with MBT program as reported previously may have integral molecular component which kicks off during a short, intensive
MBT practice and may lead to long-term stable meditation effects. Thus even after discontinuation of active
MBT program, the anti-aging effects could be long lasting and can result youthful appearance even at an older
age.
Furthermore, in this study, there were many genes that were affected by MBT program compared with the
pre-meditated regimen which was consistent with our hypothesis that MBT had specific effects on gene expression in PMBCs. Importantly, in this study we clearly observed MBT had specific effects on certain aging-related
genes as many of the gene expression changes were robust (more than 2-fold).
Examination of the differentially expressed individual genes upon MBT made us speculate on the cellular effects of the MBT program. For example, two genes GATA-2 and BMi1 that regulate hematopoiesis were found
be upregulated upon MBT program. This may augment overall stem cell numbers in the practitioner group. In a
separate study (manuscript submitted for publication), our recent data clearly indicated enhancement of viable
stem cells and increased telomerase activity in PMBCs due to MBT program.
Although in earlier studies, despite significant changes in gene expression that were induced by meditation,
gene ontology analysis did not result in the enrichment of specific molecular pathways linked to aging. To our
knowledge, ours is the first study where we have been able to identify some distinct molecular pathways and
genes involved in aging. Although there were 22 molecular pathways identified in our studies, we think that a
longer duration of the meditation program can reveal the most critical pathways and the genes affected by meditation. Thus a longer MBT program can dissect converging pathways responsible for robust gene expression
changes of a very few specific molecular pathways and genes associated with aging process. Also further work
is needed to figure out functional links to the gene products differentially regulated by the MBT program and the
control regimens. It is critical to extend the expression changes that are observed at the mRNA levels to the protein levels through proteomics analysis. It is also desirable to determine how long these MBT meditated gene
expression changes effects last and thus longitudinal studies will be very useful.

5. Conclusion
In conclusion, the data presented here show that MBT have specific effects at the genetic level on some critical
aging genes, hematopoietic genes, and pathways in a relatively shorter period of time. This approach can be
used to systematically interrogate these molecular changes, dissecting the key molecular signals that are triggered by MBT program that eventually impact PMBCs.
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