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AbstrAct
Background: Our cells produce acoustic vibra-
tions that may inform us of their state of health 
or disease. Music and voice, through the diffusive 
power of sound, permeate our body. Stem cells 
reside in all body tissues, orchestrating tissue re-
pair throughout life. Can the sound of music and 
words affect human stem cells? This fascinating 
question has been the conductive theme of “Cell 
Melodies”, a world premier live experiment or-
ganized November 7th-9th, 2016 in Bologna, Italy, 
by VID art|science, an international movement 
of Artists and Scientists (www.vidartscience.org), 
and cured by Carlo Ventura, Professor of Mo-
lecular Biology and stem cell scientist at the Uni-
versity of Bologna, with Julia von Stietencron, 
Art Director of VID art|science.

Materials and Methods: On the scene, to-
gether with Milford Graves, a famous Jazz 
drummer based in New York, and Alessandro 
Bergonzoni, a renowned theater actor, there 
were human adipose-derived stem cells on the 
stage of a microscope equipped with a multi-
spectral imaging (MSI) system. MSI allows in-
formation collection and processing across the 
electromagnetic spectrum (light), and was used 
to detect the electromagnetic emission spectra 
produced by stem cells in response to the sound 
patterns generated by the Artists. MSI data 
were projected onto a screen and made visible 
to the Audience. 

Results: Different MSI patterns were gener-
ated by stem cells in response to different sound 
spectra produced by the Musician, whose per-
formance sinks roots in the ancestral rhythms 

and sounds from Africa and Latin America, 
using the heartbeat as the beginning of every 
possible pace.

MSI also revealed that stem cell emission 
spectra remarkably changed during the Actor’s 
performance, varying upon sound emission pat-
terning created by his dialog. 

Conclusions: For the first time, we provided 
evidence that human stem cells are able to re-
spond with different vibrational signatures to 
the sound generated by Artists in the form of 
music or voice dialog in live performances. 

Future experiments are warranted to reveal 
whether the observed cellular responses may be 
associated with changes in gene/protein expres-
sion and signaling pathways, being of relevance 
for human stem cell homeostasis.

IntroductIon

In today’s technological age the increasing 
use of wireless technologies, Internet and mo-
bile phones has made us more and more em-
bedded within a world of physical signaling and 
informational processing. We are also becoming 
progressively aware of the vibratory nature of 
the Universe: quantum-scale objects, for example, 
are described in terms of particles and waves in 
quantum mechanics, and the wave-particle duality 
is exploited in electron microscopy and neutron 
diffraction. Compelling evidence is now showing 
that our cells are able to communicate through 
near-infrared light emission1,2, and can generate 
both electromagnetic signals3-5 and mechanical/
acoustic vibrations6-9. 

Even at the cellular and molecular level, Life 
is shaped through recurrent rhythms. By using an 
instrumentation designed ad hoc to pump elec-
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could be viewed as oscillators walking on the cy-
toskeletal network, with the microtubules dissipat-
ing the major vibrational differences among these 
oscillators. This suggests that oscillations of these 
complexes could achieve a synchronous state, and 
that synchronization of the oscillatory pattern may 
represent an essential feature in biomolecular rec-
ognition. The structure of the cytoskeleton and 
the nucleoskeleton could convey characteristics 
of connectedness, hence rhythmic behavior and 
synchronization modes could ultimately be trans-
mitted up to and recorded from the cell surface. To 
this end, multispectral imaging (MSI) is currently 
emerging as a major tool to afford automated un-
biased, non-invasive monitoring of cellular vibra-
tion patterning12-14. MSI provides a measurement 
of the electromagnetic radiation reflected from 
an object or scene (i.e., materials in the image) at 
many narrow wavelength bands. By the aid of a 
multispectral camera adapted to the stage of an 
inverted microscope, it is now possible to use a 
dedicated software for “floating point” analyses 
of pixel reflection at all given wavelengths. This 
analysis yields spatial resolution of fluctuations in 
pixel luminance (i.e. the intensity of light emitted 
from a surface per unit area in a given direction) 
and chrominance (i.e. the colorimetric difference 
between a given color in a picture and a standard 
color of equal luminance), corresponding to a pix-
el-related spectral signature12,14-16.

There is growing evidence that mechanical 
vibration deeply affects stem cell dynamics and 
organ function17-20. Pressure waves such as those 
of sound could affect certain cells or their struc-
tures determining microvibrations, or even causing 
resonances. Evidence is still lacking that the sound 
generated by music instruments or the human 
voice during artistic live performances may dif-
ferentially affect vibrational patterning in human 
stem cells. To address this issue, on November 7th-
9th, 2016 we have organized a world premiere live 
experiment entitled “Cell Melodies”, held at the 
Centre for Music Research-San Leonardo Theatre 
in Bologna, Italy. On the stage, along with Milford 
Graves, a famous Jazz drummer based in New 
York, and Alessandro Bergonzoni, a renowned 
Italian Theatre Actor, there were live cultured 
human adipose-derived stem cells (hASCs), visu-
alized with an inverted microscope equipped with 
a MSI system. MSI profiles were live recorded 
throughout each artistic performance from sep-

tromagnetic waves with different frequencies to a 
growing microtubule within an artificial cell-like 
environment, and using scanning tunneling micros-
copy (STM), defined resonance modes were found 
to exist between the tubulin protein structure and 
the applied frequencies3. Moreover, STM has re-
vealed that single microtubule “tunneling current 
images” are produced when different resonance 
frequencies are pumped simultaneously3. The ob-
servation that only certain electromagnetic field 
frequencies could elicit peculiar conformational 
changes suggests that mechanical changes could be 
remotely tuned in a precise structural (anatomical) 
mode by employing electromagnetic fields remote-
ly. Consonant with the relevance of the generation 
and spreading of biological information through 
vibrational processes is the evidence for the emis-
sion of high-frequency electric fields with radiation 
characteristics from microtubule4 and even the de-
tection of multi-level memory-switching properties 
at the level of a single brain microtubule5.

DNA itself may be considered as an electrical-
ly charged vibrational entity. In the cell nucleus, 
this macromolecule is subjected to the continuous 
assembly into multifaceted loops and domains by 
transcription factors and molecular motors. These 
events impart nanomechanical oscillatory features 
that could be essential for the storage and process-
ing (expression) of genetic information. Accord-
ingly, DNA has been found to exhibit wide-rang-
ing electromagnetic resonance frequencies from 
THz to KHz spectra10.

The finding that microtubular activity is associat-
ed with the remarkable generation of electric fields, 
spreading information across the cells, provides 
novel cues for understanding cell-to-cell commu-
nication. Several proteins exhibit helix-turn-helix 
domains and can be viewed as oscillatory entities, 
the helices being like springs, with the turns acting 
as connectors between oscillators. A single protein 
can be assumed to be a phase-resonant vibrating 
system. Near terahertz field microscopy has re-
cently been able to capture and characterize vi-
brations of proteins, tiny motions critical to human 
life. This finding indicates that, like the strings on 
a violin or the pipes of an organ, the proteins in 
the human body vibrate in different patterns11. Cel-
lular proteins not only diffuse through water, but 
they predominantly “walk” on the microtubules by 
the aid of “molecular motors”, like kinesins and 
dyneins9. Within this context, signaling molecules 
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MSI RecoRdIng
MSI monitoring was performed on hASCs placed 

on the stage of an inverted microscope (Nikon 
Eclipse TS 100). The microscope was positioned, 
at a distance of 2 meters from the Artist’s site of 
performance, onto the wooden floor of the theater, 
using a concrete block between the floor and the 
microscopy body as a vibration isolation material. 
A ToupTek U3CCD, an ExView HAD CCD series 
camera (SONY), was interfaced with the micro-
scope optical system. It adopts Sony ExView HAD 
CCD sensor as the image-picking device, which 
is designed to drastically improve light efficiency 
by including near-infrared light region as a basic 
structure of HAD (Hole-Accumulation-Diode) sen-
sor. The camera embeds a filter with very narrow 
spectral bands (10 nm): a band in the blue, two in the 
green, one in the red and one wideband (100 nm) in 
the NIR, with 1:1000,000 out-of-band cut-off.

The reason for these narrow bands is that a 
small change in energy is better observed in a 
narrow than in a wide band. The four chromatic 
components that work together with an IR wide-
band component are very sensitive to changes in 
luminance and chrominance, as compared with 
the normal response from back-illuminated color 
sensors. To this end, the purpose of the study was 
to observe slight variations in chrominance and 
luminance due to micro-vibrational 3D phenomena 
that modify the angle of incidence and refraction 
of the light hitting the cell structure.

A custom video analysis software was devel-
oped to processes the incoming frames showing 
the spectral variations in amplitude and frequency, 
interpolating variation in the measured data within 
a vibrational range between 0.01 Hz and 10 Hz, pro-
viding a pseudo-coloring of the phenomenon with 
the aforesaid frequency values. A software algo-
rithm allowed to calculate and subtract pixel random 
variation due to background noise during image ac-
quisition, therefore allowing accurate assessment of 
differential changes in luminance and chrominance 
due to the examined vibrational pattern.

A 2-min silence, from both the Artists and the 
Audience, preceded each performance and was 
used as a control background sound in each MSI 
recording.

Electro-acoustic analysis of sound pressure in 
close vicinity (50 cm) of the optical system of the 
microscope was performed by the aid of a Praat 
software (http://www.fon.hum.uva.nl/praat/).

arate batches of stem cells. In the current study, 
we report and discuss the results from the Cell 
Melodies experiment.

MAterIAls And Methods

SteM cell ISolatIon and expoSuRe condItIonS

According to the policies approved by the In-
stitutional Review Boards for Human Studies local 
ethical committees, all tissue samples were ob-
tained after informed consent. Human subcutane-
ous adipose tissue samples were obtained from li-
poaspiration/liposuction procedures, using the Li-
pogems device, according to a recently described 
non-enzymatic procedure21,22. 

To obtain Lipogems-derived hASCs, a volume 
of 1.5 ml of Lipogems product, containing approx-
imately 6x104 hASCs, was seeded in a T75 flask 
previously coated with human fibronectin (0.55 μg/
cm2) (Sigma-Aldrich, St. Louis, MO, USA) and 
human collagen I-III (0.50 μg/cm2) (ABCell-Bio), 
cultured in Minimum Essential Medium Eagle – 
Alpha Modification (α-MEM) supplemented with 
20% heat-inactivated Fetal Bovine Serum (FBS), 
antibiotics (200 units/ml penicillin, 100 μg/ml strep-
tomycin), L-Glutamine (1%), and incubated at 37°C 
in a humidified atmosphere with 5% CO2. The 
Lipogems product was maintained in culture for 10 
days, with culture medium changes every 4 days, 
and it was subsequently eliminated completely from 
the supernatant. Adherent fibroblast-like cells prolif-
erated and reached confluence after 2 weeks. These 
cells were subsequently detached by treatment with 
trypsin-EDTA (Sigma-Aldrich), and subcultured. 
Experiments were performed at passage 3. Two 
samples from a single batch of Lipogems-derived 
hASCs were used for the two 45 min performances 
of each Artist (Jazz drum solo, or Actor’s dialog). 
Cell viability was assessed by the 3-(4, 5-dimeth-
ylthiazol-2-yl)2, 5-diphenyl-tetrazolium bromide 
(MTT, Sigma-Aldrich Co., St. Louis, MO, USA) 
assay. Time interval from the CO2 incubator in the 
Laboratory to the Theatre was less than 10 min. 
During this period, throughout each performance 
(max 45 min) the cap of the T75 flask was kept 
closed. The temperature was recorded 6 times (ev-
ery 10 minutes) within the transfer container and 
in the theater until completion of the performance. 
The cells were maintained on the stage of a MSI-
equipped inverted microscope for the duration of 
the performance (see below). 
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the Jazz drummer. The fundamental frequency was 
at about 70 Hz, producing a sound pressure level 
of about 50 dB. The second harmonic was at about 
140 Hz, with about 60 dB in sound pressure level, 
being reinforced by the environmental resonance. 
A sequence of intermediate frequencies ranging 
between 10 Hz and 10 KHz was also detected, 
generating a 10 to 40 dB sound pressure.

Figure 2 shows the multispectral imaging of 
vibrational patterning exhibited by hADSCs in 
response to the sound path produced by the Jazz 
Artist, as depicted in Figure 1. The color pattern 
represents pseudo-colors corresponding to a vi-

results
The average temperature within the transfer 

container and in the theatre was found to be 25 ± 
1°C. The permanence of the cultured cells outside 
the 37°C 5% CO2 incubator during the transfer and 
performance did not appreciably affect cell viabili-
ty, as assessed in separate experiments by the 3-(4, 
5-dimethylthiazol-2-yl)2, 5-diphenyl-tetrazolium 
bromide assay.

Figure 1 depicts the average changes in the sound 
frequency spectrum and sound pressure level reach-
ing the stem cell culture during a 10 min of constant 
sound intensity within a 45 min performance from 

Figure 2. MSI of hADSCs during the 
percussion performance. MSI analysis 
was performed in hADSCs exposed 
to the sound characteristics induced 
by the Jazz Drummer performance, 
as shown in Figure 1. Pseudocolors 
correspond to the vibrational scale 
(Hz) reported at the bottom of the 
figure. Fourier transform from re-
al-time sampling of the averaged cel-
lular vibrational frequencies emitted 
in response to percussion sound are 
shown on the left and right sides of the 
figure. For further details, see the de-
scription in the Results section. These 
data are the mean ± SD of 6 separate 
determinations during the same sound 
recording shown in Figure 1.

Figure 1. Sound exposure of hASCs 
during the percussion performance. 
The figure shows the average changes 
(mean ± SD of 6 separate determi-
nations) in sound pressure level and 
frequency spectrum at which hASCs 
were exposed during a 10 min of con-
stant sound intensity within a 45 min 
performance from the Jazz drummer. 
Electro-acoustic analysis of sound 
pressure in close vicinity (50 cm) of 
the optical system of the microscope 
was performed by the aid of a Praat 
software (http://www.fon.hum.uva.nl/
praat/).
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Interestingly, the sound frequency spectrum and 
pressure level pattern sampled in a different time 
window of the Jazz performance showed superim-
posable results to those reported in Figure 1 (Figure 
3). Consonant with this observation, the multispectral 
imaging of the vibrational patterning exhibited by 
hADSCs in response to the sound path was highly 
consistent with that shown in Figure 2 (Figure 4).

This finding indicates that the vibrational behavior 
of hASCs in response to the acoustic environment 
generated by the live performance of the Jazz musician 
was highly reproducible in the presence of similar 
acoustic (frequency and sound power) profiles. 

brational scale ranging between 0 and 10 Hz, as 
shown at the bottom of the figure. The absence 
of detectable vibrations is shown as a black back-
ground. In the middle of the image hADSCs ap-
pear as colored elongated shapes with color pattern 
often gathering cellular contours. On the left and 
right side of the image are the Fourier transform 
highlighting a real-time sampling of the averaged 
vibrational frequencies emitted by the sound-ex-
posed hASCs. The colored cellular field in between 
is a 5-second averaged acquisition of pixeled (640 
x 480, corresponding to 307,200 points) represen-
tation of cellular vibration. 

Figure 3. Sound characteristics gener-
ated during the percussion performance 
reached stable features. The sound 
analysis was performed as described in 
Figure 1 in a different moment of the 
Jazz Drummer performance (mean ± 
SD of 6 separate determinations). Note 
the remarkable similarity of the sound 
pressure and frequency spectra.

Figure 4. Comparable sound features 
are mirrored by similar MSI spec-
tra. Stabilization of sound features as 
shown in Figures 1 and 3, results in 
similar MSI patterning as those re-
ported in Figure 2 (see this figure for 
technical details). These data are the 
mean ± SD of 6 separate determina-
tions during the same sound recording 
shown in Figure 3.
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ed with a clang or whispered tone of voice are 
shown in Figure 5 and Figure 7, respectively. It 
is evident that, despite superimposable sound 
power levels, the frequency spectrum differed 
significantly among the two performances. In 
fact, during a 10 min of constant sound intensity 
within a 30 min performance, the F0 was detect-
ed at about 200 Hz during the clang voice recital 
(Figure 5), while it was found at about 100 Hz 
in the whispered voice recital (Figure 7). More-
over, an increase in harmonic intensity (Figure 
7) was found in the whispered voice recording, 
as compared to the clang voice. 

In another set of performance in our live 
experiment, we aimed at investigating the vibra-
tional response of hASCs during the exposure 
to the sound emitted by the human voice. In 
particular, we asked a theater Actor to perform 
with a clang voice sound at a distance of 2 m 
from the cellular field, or to express his recit-
al with a whispered voice (like a prayer) at a 
closer distance (1 m). We made our comparative 
MSI analyses by choosing acoustic streams of 
comparable sound power but entailing different 
frequency patterns. Representative images of 
the sound power from the performance execut-

Figure 5. Sound exposure of hASCs 
during a recital with a clang voice. 
The Actor was placed at a distance 
of 2 m from the cellular field. The 
figure shows average changes (mean 
± SD of 6 separate determinations) 
in sound pressure level and frequen-
cy spectrum at which hASCs were 
exposed during a 10 min of constant 
sound intensity within a 30 min of the 
Actor’s performance. Electro-acous-
tic analysis of sound pressure in close 
vicinity (50 cm) of the optical system 
of the microscope was performed by 
the aid of a Praat software (http://
www.fon.hum.uva.nl/praat/).

Figure 6. MSI of hADSCs during 
a recital with a clang voice. MSI 
analysis was performed in hADSCs 
exposed to the sound characteris-
tics produced by the Actors voice, 
as shown in Figure 5. Pseudocolors 
correspond to the vibrational scale 
(Hz) reported at the bottom of the 
figure. Fourier transform from re-
al-time sampling of the averaged cel-
lular vibrational frequencies emitted 
in response to a clang sound of voice 
are shown on the left and right sides 
of the figure. For further details, see 
the description in the Results sec-
tion. These data are the mean ± SD 
of 6 separate determinations during 
the same sound recording shown in 
Figure 5.
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dIscussIon

The present observations show that hASCs re-
spond in a highly sensitive fashion to the sound 
emitted during music or recital live performance. 
MSI indicates a close relationship between the 
recorded spectrum of changes in chrominance 
and luminance resulting from the vibrational pat-
terning of the stem cells and the sound pressure 
levels and their related harmonics produced by the 
Artists. The different sound power profiles elicited 
by the percussion and by the human voice were 
mirrored at the level of the vibrational spectrum 
emitted by hASCs. The MSI spectra differed in 

Intriguingly, the MSI profiles corresponding to 
the different frequency patterns exhibited remark-
ably different signatures, as shown in Figure 6 and 
Figure 8. In fact, the MSI profile corresponding to 
the clang sound was mainly restricted to the pe-
ripheral part of the cell in about a 50% of the hASC 
population (Figure 6) with no signal emerging 
above the background in the rest of the examined 
cells. On the contrary, the MSI signal was turned 
on within an area restricted to the nucleus of the 
cell in the vast majority (approximately 80%) of 
the hASCs that had been exposed to the whispered 
sound of voice (Figure 8). 

Figure 7. Sound exposure of hASCs 
during a recital with a whispered 
voice. The Actor was placed at a dis-
tance of 1 m from the cellular field. 
The figure shows average changes 
(mean ± SD of 6 separate determi-
nations) in sound pressure level and 
frequency spectrum at which hASCs 
were exposed during a 10 min of 
constant sound intensity within a 30 
min of the Actor’s performance. This 
figure reports acoustic streams of 
comparable sound power to, but dif-
ferent frequency patterns from, those 
shown in Figure 5. Electro-acoustic 
analysis of sound pressure in close 
vicinity (50 cm) of the optical system 
of the microscope was performed by 
the aid of a Praat software (http://
www.fon.hum.uva.nl/praat/).

Figure 8. MSI of hADSCs during 
a recital with whispered voice. MSI 
analysis was performed in hADSCs 
exposed to the sound characteris-
tics produced by the Actors voice, 
as shown in Figure 7. Pseudocolors 
correspond to the vibrational scale 
(Hz) reported at the bottom of the fig-
ure. Fourier transform from real-time 
sampling of the averaged cellular vi-
brational frequencies emitted in re-
sponse to a whispered sound of voice 
are shown on the left and right sides 
of the figure. For further details, see 
the description in the Results sec-
tion. These data are the mean ± SD 
of 6 separate determinations during 
the same sound recording shown in 
Figure 7.



8 C. Ventura, D. Gullà, M. Graves, A. Bergonzoni, R. Tassinari, C. Cavallini, and J. von Stietencron

to cardiac, neural, skeletal muscle and endothelial 
cells29, (iiii) afford direct reprogramming towards 
the same lineages in human somatic cells (dermal 
fibroblasts)30, (iiiii) reverse human stem cell aging 
in vitro31, (iiiiii) reprogram PC12 cancer cells into 
dopaminergic neurons32, and (iiiiiii) optimize stem 
cell polarity33.

conclusIons

Whether the vibrational patterning emitted by 
human stem cells in response to sound may have 
biological implications in stem cell homeostasis 
remains to be established. The possibility that the 
current observation may be relevant for human 
well being also remain speculative. Addressing 
these issues is the subject of our ongoing investi-
gations.
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