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Abstract

Pulsed power includes acquiring electrical energy, compressing it, and releasing it in instantaneous bursts that are low in energy but very high in power. When the
pulse duration is near the plasma membrane charging time constant, which is the time during which the cell interior is exposed to the applied pulsed electric field, it affects
intracellular structures and functions. The technology is called nanosecond Pulsed Electric Fields (nsPEFs), nanosecond electric pulses (nsEP), or Nanopulse Stimulation
(NPS™) according to Pulse Biosciences, Inc., a company taking the technology to the market. Initial studies showed the elimination of tumor cells in vitro by apoptosis, and
other regulated cell death mechanisms, elimination of rodent and canine osteosarcoma, and a basal cell carcinoma clinical trial. In the rat liver and mouse breast cancers,
tumor-free animals were in situ vaccinated (ISV), preventing the recurrence of the treated cancers. The technology has also focused on treating benign skin diseases,
with some advantages over cryoablation. More recently, the same technology called nanosecond pulsed-field ablation (nsPFA) has been used to treat cardiac arrhythmias
like Atrial Fabulation (AFib) with catheters in humans. In pre-clinical studies and now in humans, this technology is showing advantages over radiofrequency ablation
and cryoablation. On a new mechanistic landscape, nonlethal nsPEFs modulation of electron transport in the plasma membrane and the mitochondria show potential
for controlling redox homeostasis and metabolism. Furthermore, different nsPEF waveforms have different effects on cells; waveforms can differ by pulse duration, rise
time, electric field, and/or post-pulse features. So, for nsPEFs, there is a lethal side used for ablation as with NPS and nsPFA and a more recently recognized nonlethal side
indicating new possibilities to differentially modify cell physiology depending on the different nsPEF waveforms.

Introduction

Since the beginning of this century, studies using pulsed
power with nanosecond Pulsed Electric Fields (nsPEFs) have
expanded beyond general high-powered physics with pulsed-
powered applications in biology and medicine. Short-duration,
pulsed electric fields with short and/or fast rise times take the
electric fields through cells, affecting intracellular structures
and functions [1]. These shorter-duration pulses are unlike
longer pulses typical of electroporation, which go around
cells, primarily affecting the plasma membrane [2]. It is

considered that the efficacy of nsPEFs for treating cancer is
enhanced by intracellular effects that are enabled by these
short durations and short or fast rise time pulses. As will be
discussed below, these intracellular effects induce Regulated
Cell Death (RCD) in tumor cells and host somatic cells in the
Tumor Microenvironment (TME) that can lead to stimulation
of host immune responses in some cancer models. This is
facilitated by the intracellular effects of the nanosecond
electric duration pulses [1]. They have also been shown to
target cellular components in the epidermis and dermis that
induce RCD without affecting surrounding fibrous and cellular
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components. More recently, they have been used to irreversibly
permeabilize cell membranes killing myocytes without
affecting the extracellular matrix and surgically ablating
cardiac tissue that create durable transmural lesions that
terminate recurrent arrhythmias. NsPEFs can also modulate
non-lethal cell activities related to reduction-oxidation
(redox) signaling events that determine cell function and fate
[3]. Notably, this pulsed power technology with nsPEFs can
ablate tumors and cardiac tissues. It can yet be used safely on
the skin without scaring and induce non-lethal mechanisms in
cells that can modify their functions. These uses demonstrate
a novel, non-thermal technology without drugs that can have
broad applications in medicine and biology far beyond those
tasks in military and industrial applications for which it was
initially designed.

NsPEFs induce immune responses and in situ vaccina-
tion (ISV) in two rodent cancer models

Initial studies found that nsPEFs could eliminate tumors
[4-6], and many studies demonstrated several different
tumor types could be eliminated by nsPEFs [7,8]. During
these studies, nsPEFs were also found to protect animals from
a post-ablation challenge injection of the same tumor types
acting as a vaccine-like effect that can be described as in situ
Vaccinations (ISV) against N1-S1 rat liver [9] and 4Ti-luc
mouse breast cancers [10,11]. There were also some successes
in a Pano2 pancreatic model [12]. In the liver and breast cancer
models that can be described as immunotherapy, immune
mechanisms showed clear evidence of CD8+T-cell and/or
Natural Killer (NK) cell activation and most importantly an
elimination of the immunosuppressive cells in the TME and
draining lymph nodes. In our experience, two other models,
Pano2 pancreatic cancer [13] and B16f10 melanoma show tumor
elimination but without ISV [14,15]. In the Pan02 model, there
were insufficient vaccine-like protective effects (1/15) and
abscopal effects (1/10). An analysis of the immune landscape
showed that the numbers of both T regulatory cells (Tregs)
and myeloid-derived suppressor cells (MDSCs) in blood were
significantly reduced, but memory (CD44+) T-cells were
absent. Furthermore, the numbers of Tregs and MDSCs did not
reduce in spleens. Very few T-cells, but large numbers of MDSCs
were present in the NPS treated TME. These results suggested
that NPS-induced immune mechanisms in this model were
limited [13]. In the B16f10 model, there was evidence of T-cell
activation; however, immunosuppressive cells disappeared on
post-treatment day 1 but returned on post-treatment days 3
and 7 [15]. So, the most likely explanation for the absence of
an immune response and ISV in Pano2 and melanomas is the
continued presence of immunosuppressive cells, regardless of
the presence of CD8+ T-cells or NK cells. In this environment,
even activated T-cells may be ineffective in attacking tumor
cells. The immunosuppressive cells must be eliminated, which
is the typical problem in most immunotherapy treatments.

Another study with the Pano2 pancreatic tumor model [12]
showed that NPS alone eliminated as much as 80% of primary
tumors and inhibited tumor growth in the rechallenge (40% -
50%). The addition of resiquimod, a toll-like receptor agonist,
was effective in combination with NPS for eliminating the

primary tumors and inhibiting tumor growth in the rechallenge
(75%), demonstrating a vaccine-like effect. Depleting CD8+
cells reduced inhibition of the rechallenge injection by 35%.
Furthermore, rechallenged tumors had 3-fold more CD8+
T-cells than tumors rechallenged after primary tumor
resection. These findings suggested a long-term immune
response had been stimulated. They also demonstrated that
injection of 0X40 at the time of NPS treatment was effective at
eliminating the growth of untreated abscopal tumors.

NsPEF treatment (also called Nano-Pulse Stimulation™,
NPS) for canine spontaneous osteosarcomas

In addition to treating smaller tumors in rodents, NPS
with parallel dual needle electrodes successfully eliminated
75% (3/4) of canine spontaneous osteosarcomas with no
cardiovascular events (supraventricular tachycardia, atrial
fabulation pneumothorax or lower limb thrombosis) and no
hyperthermic damage [16]. All control animals were euthanized
with tumor sizes larger than 5 cm and/or lung metastasis
causing respiratory difficulty. Elimination of osteosarcomas
resulted in a reduction of metastasis with only one dog (1/4)
showing lung metastatic disease. Although there was one
transient capsular infection along a needle tract that recovered,
there were no joint capsular deformities and all tumor-free
dogs exhibited normal range of motion.

There is considerable heterogeneity of metabolic programs
running in the tumor microenvironment, with competition
between tumor cells and T-cells, both requiring glycolytic
programs for cell expansion and T-cell function [17]. Serum
alkaline phosphatase is an indicator of tumor metabolic activity
and increases in this marker increased in osteosarcoma-
bearing, untreated dogs. Treatment of canine osteosarcoma
with NPS resulted in a decrease in alkaline phosphatase activity
indicative of regressing tumor activity. So generally, nsPEFs
extended survival and improved the quality of canine life by
eliminating tumors and reducing metastasis in spontaneous
canine osteosarcoma.

Clinical trials with nanosecond pulsed electric field the-
rapy for Basal Cell Carcinoma (BCC)

The first-in-human clinical trial for nsPEFs, called
nanoelectroablation, treated 10 BCC in three subjects [18]
Seven of the 10 BCC were completely free of basaloid cells when
biopsied, and two partially regressed. Two of the 7 exhibited
seborrheic keratosis in the absence of basaloid cells. One of
the 10 treated lesions recurred by week 10 and histologically
had the appearance of squamous cell carcinoma. The study
demonstrated that nanoelectroablation (nsPEFs, NPS) was safe
and efficacious in treating human tumors. The advantages of
this therapy over surgical excision or electro-desiccation and
curettage are reduced pain, short treatment time, and the
absence of scarring and multiple treatments. Furthermore, the
procedure is non-thermal so burning is absent.

Later a multicenter prospective feasibility study of nsPEFs
called nano-pulse stimulation™ technology was carried out
for the treatment of nodular and superficial low-risk basal cell
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carcinoma [19]. The study was carried out using the CellFX®
System using NPS™ technology from Pulse Biosciences. The
endpoint of complete histological clearance of the target lesion
was based on microscopic evaluation of Hematoxylin and
Eosin (H&E) stains as evaluated by an independent board-
certified dermatopathologist at 60 days post-CellFX treatment.
Treatments of nodular and superficial low-risk Basal Cell
Carcinomas (BCC) were effectively eliminated by NPS showing
complete histological clearance in 92% (34/37) of cases. The
other three cases were residual BCC, which most likely did
not receive complete NPS coverage. The pain was effectively
managed by intralesional injection of lidocaine during the
CellFX treatment procedure, with the average subject reported
pain rated as mild (2/10 standardized 11-point pain scale).
Erythema, hyperpigmentation, and scaling were the most
common skin effects observed 60 days post-CellFX treatment.
Scaring was suspected due to the pretreatment biopsy rather
than the CellFX treatment since the 5mm margins for the
treatments were free of scar tissue. Investigators rated 95%
of lesions as cosmetically acceptable. The majority (89%) of
CellFX treated areas are expected to look better than curettage
and electrodesiccation and 78% are expected to look better than
standard surgical excision. In summary, the CellFX System
is safe and effective for the treatment of low-risk nodular
and superficial BCC and may be an emerging, non-surgical
treatment option for the treatment of primary BCCs requiring
maximal sparing of tissues, including facial lesions.

NsPEFs from benign skin diseases

NsPEFs have also been used to successfully treat benign
skin diseases in clinical trials for epidermal lesions such
as Seborrheic Keratosis Hyperplasia (SGH) [20], seborrheic
keratoses [21], and non-genital, cutaneous verrucae (warts)
[22]. For these lesions, the NPS is delivered through a parallel
linear array of six microneedles 5 mm apart spanning a width
of 5 mm. The tips are 2 mm or 3 mm long and penetrate the
reticular dermis. The energy delivered is a product of the
pulse duration, the electric field, and the current with much
less energy delivered than by micro- or milli-second pulses
providing non-thermal treatment. The short pulse duration
and fast rise time allow the electric fields to enter cells affecting
intracellular structures and functions while creating nanopores
in the plasma membrane and intracellular membranes. In the
SGH study, all lesions were located on the face, with 53% of
them on the forehead and 46% on the cheeks or chin. Subjects
rated their level of discomfort on a 10-point pain scale after the
treatment of each lesion. Lidocaine was used as an anesthesia.
Most subjects reported no pain (29%) or mild pain (54%).
Fifteen percent reported moderate-severe, 1% reported very
severe, and no subjects reported Worst Possible Pain. Sixty
days after treatment 90.3% were cleared and 9.5% mostly
cleared. For lesions receiving both 1 and 2 nsPEF treatments,
hyperpigmentation peaked at the 30-day visit, and decreased
with time. By the 60-days, 45% of lesions exhibited some
degree of hyperpigmentation. Erythema was usually present 5
days after treatment, decreased substantially by 30 days, and
was only observed in 7% of the treated lesions at 60 days. 5
days post-treatment only 37% of lesions showed swelling and

this decreased to 1% at 30 days. No swelling was observed
at 90 days. Overall, 101 of 222 treated lesions (45%) showed
some degree of hyperpigmentation at the last observation
available. These trials show that the nsPEF procedure provides
a rapid safe and effective treatment for SGHs with a low risk
of scarring and long-term hyperpigmentation. The SGH
clearance is highly localized with no systemic side effects. The
mechanism of nsPEF therapy targets cellular structures within
the epidermis and dermis. Therefore, it is ideal to eliminate
sebaceous glands with a high clearance rate, and high degree
of subject satisfaction.

Safety and efficacy were also shown for the treatment
of Seborrheic Keratosis (SK). Again, the short duration and
fast pulse rise time enable the electric fields to penetrate
the cell interior affecting the mitochondria and endoplasmic
reticulum, as well as the plasma membrane. NPS is safe and
effective specifically affecting cellular structures including
the epidermis with minimal effects on acellular structures
in the dermis. NPS is superior to common methods used
on SK including curettage, electrodesiccation cryosurgery,
and chemical (high concentration of hydrogen peroxide)
destructions of laser ablation avoiding recurrence, scaring, and
pigmentation changes.

NPS has also been shown to be safe and effective for
successfully treating non-genital warts (verrucae), caused
by HPV-infected epidermal cells [22]. Applicator tips (five
different designs) included two parallel rows of 2-mm-long
microneedles for the three smaller sizes and three rows for
the two larger sizes through which 200 ns pulse durations
and bipolar pulses were generated by the CellFX system. All
warts were treated with lidocaine before treatment. Treatment
site reactions were like those of SGH and SK lesions. Warts
were treated on the back, feet and most (50%) on the
hands. Seventy-five percent of warts were cleared with one
or two treatments, which is fewer than generally required
with cryotherapy. Further, 65% of recalcitrant warts were
effectively removed. None of the 195 warts recurred after 120
days of observation, indicating lower recurrence with NPS than
other treatment therapies, which resolves a major problem
with wart treatment. Interestingly, 24.5% of untreated control
warts were cleared, suggesting a bystander effect from a
possible immune response. This is reminiscent of NPS treated
HPV -transformed tumors in mice where 25% were resistant to
challenge injections of the same tumors suggesting a vaccine-
like effect in a CD8+ T-cell-dependent manner suggesting an
immune response in some mice after NPS [23].

NsPEF cardiac ablation for atrial fibrillation

NsPEFs have also been investigated for non-thermal cardiac
ablation [24-26] and treatment for atrial fibrillation, flutter,
and ventricular tachycardia as an alternative to radiofrequency
ablation (RFA), which has significant acute success rates [27];
However, RFA suffers from high recurrence rates within months
or years, which is attributed to gaps in the lesions [28,29]. RFA
occurs by resistive heating and blood vessels can serve to cool
the ablation mechanism, which limits the consistency of RFA
lesions [30]. The heat is also responsible for complications
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(4%) that are not trivial including stroke, tamponade, vascular
injury, pulmonary vein occlusion, and atrial esophageal fistulae
[31-33]. NsPEFs penetrate deeper and the electric fields are less
affected by tissue electrical inhomogeneities [34-36].

Studies have been conducted in rabbit hearts [24] with
needle electrodes and in swine hearts with clamp electrodes
[25,26] like those used in RFA and cryoablation. The studies
in rabbit hearts created smoother more uniform lesions than
RFA that were transmurally deep, and the width was controlled
by the spacing of the electrodes with minimal heating (<2 C).
Studies in the swine confirmed the finding from the rabbit
studies showing that all lesions were transmural deep and with
highly consistent widths across the wall. There were no pulse-
induced arrhythmias or other complications. The pig studies
also demonstrated that the lesions were non-conducting for 6
weeks and 6 months post-ablation. The lesion volumes were
filled mostly with collagen and variable amounts of fat tissue,
high in some lesions. The lesions were non-proliferative
shown by Ki-67. There were some smooth muscles (smooth
muscle actin-positive) that either survived or recovered. Most
of the lesions had no, minimal, or thin residual muscle that
was connexin-43-(cardiac gap-junction protein)-negative
indicating the absence of conductivity. Overall the studies
show that nsPEFs can be a safer more effective treatment for
atrial fibrillation that requires cardiac ablation, with faster
treatment times with lesions showing non-conductivity for at
least 6 months. Clinical trials are in progress but no published
studies yet. Human clinical trials with cardiac ablations are in
progress, but none have been published yet.

(New) mechanistic understandings of nsPEF Effects

While nsPEFs have several possible clinical applications, a
major topicof interesthasbeen the mechanisticimpact of nsPEFs
upon cells as the means for cellular and tumor consequences.
An early study demonstrated that nsPEFs induced apoptosis in
Jurkat cells as demonstrated by cytochrome c release from the
mitochondria into the cytoplasm and by caspase-3 activation
[37]. It was later shown using an APAF-1 knockdown (APAF-
kd) Jurkat clone, that nsPEFs induced caspase-dependent
apoptosis at lower electric fields and caspase-independent
apoptosis at higher electric fields, showing that nsPEF-
induced cell death was electric field-dependent and that more
than one Regulated Cell Death (RCD) mechanism could occur
in each cell type [38]. NsPEFs also induced dissipation of the
mitochondrial membrane potential (A¥m) regardless of the
presence of caspase activation as shown by the absence of
differences A¥m losses in the wild-type and APAF-kd clones
[39]). Two modes of cell death were also shown in U937 cells
described as necrosis (perhaps accidental cell death (ACD) or
undefined RCD) followed by apoptotic cell death [40]. It was
shown that nsPEFs induced necroptosis and parthanatos
in human HCC1937 triple-negative breast cancer cells [39].
Generally, it can be considered that nsPEF-induced cell death
is cell type-dependent. Interestingly, in the liver [9] and breast
[10] cancer models where nsPEFs induce ISV, neither of them
appears to undergo cell death by apoptosis. This may be really
expected since apoptotic cell death is silent so a minimum

of cancer antigens would be released and identified during
apoptotic cell death.

However, there is much more to nsPEFs than meets with
strict ablation applications. It is known that the dissipation
of the A¥m is enhanced by Ca2+ [38,41]. It was also recently
shown that nsPEFs induce the formation of reactive oxygen
species (ROS) differently in cancer and non-cancer cells.
In 4T1-luc mammary cancer cells, there was greater ROS
production in mitochondria detected by MitoSox In contrast,
non-cancer H9c2 cardiac myoblasts produced more ROS in
the cytoplasm detected by DCFDA [42]. This is metabolically
reasonable since cancer cells depend more on glycolysis for
their growth and expansion while cardiac cells depend more
on oxidative phosphorylation for ATP production and cardiac
function.

Another newly recognized property of nsPEFs is their
capacity to modulate Electron Transport (ET) in the
mitochondria and in the Plasma Membrane Redox System
(PMRS) [42]. In the mitochondria, nsPEFs attenuate oxygen
consumption as a determinant of ET. This diminution of
ET occurs in the basal state and when the mitochondria are
uncoupled from oxidative phosphorylation. This attenuation of
ET (oxygen consumption) occurs at least at complex I, which is
known to be a major mitochondrial site for ROS production [43]
and a likely source of mitochondrial ROS in response to nsPEFs.

NsPEFs also regulate trans-Plasma Membrane Electron
Transport (tPMET) rates in the PMRS shown as a reduction
of the cell-impermeable, WST-8 tetrazolium dye. The tPMET
rates are increased at lower electric fields and decreased at
higher electric fields when pulses are produced by a Pulse-
forming Line (PFL) generator. Therefore, when non-lethal
electric field conditions are used, nsPEFs can modulate redox
homeostasis and metabolic reactions. Given that immune cell
function is dependent on metabolic state, this provides a means
for affecting immune cell function. It has been demonstrated
that nsPEFs induced maturation (activation) of bone marrow-
derived dendritic cells as indicated by the expression of co-
stimulatory molecules on their cell surfaces [10]. This has also
been demonstrated in human monocyte-derived DCs [Lassiter
and Beebe, unpublished].

Since our initial and early studies generally focused on
tumor elimination and mechanisms of cell death, we focused
on effects with higher electric fields. However, as mentioned
above at lower electric fields, nsPEFs show that non-lethal
effects of nsPEFs require further study. This “softer side” of
nsPEFs can be further exploited considering that the quantity
and quality of the nsPEF stimulus are dependent on the nsPEF
waveform [38,44.45). NSPEF effects have almost exclusively
been shown to be associated with nsPEF waveforms defined by
pulse duration, rise time, amplitude (electric field), and pulse
number. For example, by decreasing the pulse duration to near
the plasma membrane charging time constant [1], nsPEFs
induce greater effects on intracellular calcium mobilization
[44] and by increasing the pulse rise-fall time, nsPEFs induced
increased effects on the A¥m and cell death [38]. Other factors,
such as low-intensity post-pulse waveform, had not been
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considered. However, the post-pulse waveforms can alter the
cell responses produced by the primary pulse waveform and
can even elicit unique cellular responses. For example, using
two common pulse generator designs, including the Blumlein
Line (BL) and the Pulse Forming Line (PFL) generators, both
featuring nearly identical 100 ns pulse durations, evoke unique
post-pulse cellular effects despite the primary pulse waveform
being nearly identical [45]. For example, the effective nsPEF
condition for a 50% effect (IC,,) for dissipation of the A¥m
with the PFL and BL generators were 0.013 and 0.017 Vs/cm
(see footnote), respectively, Surprisingly the IC_, for increase
in ROS was 0.011 Vs/cm for both pulse generators. Thus, both
pulse generators produced the same levels of ROS with different
effects on the AWm. This raises questions about the dependence
for loss of A¥m caused by ROS in response to nsPEFs.

Considering the effect of these pulsers on the tPMET, only
the PFL generator exhibited a biphasic effect with an increase at
lower electric fields and a decrease at higher electric fields. The
BL generator only showed a decrease in the tPMET at higher
electric fields. When effects on metabolism in the Seahorse
stress test were analyzed 15 hr. after nsPEF treatment, there
were no effects in basal metabolism with either pulser. However,
the BL had no significant effect on spare respiratory capacity
(SRC), while the PFL significantly decreased the SRC [45].
Thus, it is anticipated with further study, there will be other
differences in the metabolic effects among cell types between
the two pulsers among other different nsPEF waveforms. The
PFL had a more detrimental effect on cell viability than the
BL generator with IC,, for cell death were 0.012 vs. 0.015 Vs/
cm, respectively. Our in vivo studies on tumor elimination
[8] and ISV [9-11] are carried out with BL generators. These
in vitro IC_, studies suggest that tumor treatment with a PFL
generator might be more effective for tumor elimination than
BL generators. However, the PFL requires higher electric fields,
which might not be optimal in clinical settings.

Overall, the non-lethal studies reviewed here indicate
that there are new horizons for exploring nsPEF waveforms
for differential effects in cell functions. Given the findings
that nsPEFs can not only eliminate tumors but can also lead
to immune responses that lead to ISV, at least in some tumor
models, consideration of specific immune cell metabolic
programs, which are required for specific immune -cell
functions, may enlighten our understanding of how nsPEFs
can induce immune responses. However, because not all cancer
models exhibit nsPEF immune responses and ISV this requires
further exploration. The finding that a PFL generator induced
mouse bone marrow-derived dendritic cell maturation suggests
that specific metabolic pathways had to be activated to provide
the means for new co-stimulatory molecule production. Other
studies have shown that non-lethal nsPEF induces proliferation
and differentiation in osteoblasts and myoblasts [46]. These cell
functions require different metabolic programs. In addition,
nsPEFs enhanced mesenchymal stem cell differentiation via
DNMT1-regulated OCT4/NANOG gene expression [47]. These
findings indicate a more thorough analysis of nsPEFs on
proliferation, differentiation, metabolism, and gene expression

is appropriate. Importantly, studies for the effects of different
nsPEF waveforms on multiple cell types require further
exploration.

Conclusion

The uses of pulsed power with nanosecond pulse durations
provide electric fields to go through cells affecting the plasma
membrane and intracellular mechanisms as opposed to going
around cells primarily affecting like pulses with microsecond
or millisecond pulse typical of electroporation [36]. When the
pulse amplitude is sufficiently high, cells die by regulated cell
death mechanisms that are cell type dependent. This strategy
has been used to eliminate cancer essentially of all types and
in a few models, nsPEFs induce vaccine effects as ISV. This
technology has also been extended for the removal of non-
cancerous or benign lessons including epidermal lesions such
as seborrheic keratosis hyperplasia, seborrheic keratoses, and
non-genital, cutaneous verrucae (warts). Since the electric
field areas are controlled by the placement of the electrodes
it is possible to identify selective targets such as cellular
components in the epidermis and dermis that induce RCD
without affecting surrounding fibrous and cellular components.
So, for these benign skin lesions, it is possible to specifically
affect the epidermis with minimal effects on acellular
structures in the dermis and without scarring. More recently,
nsPEFs or nsPFA have been used to irreversibly permeabilize
cell membranes killing myocytes without affecting the
extracellular matrix and surgically ablating cardiac tissue that
create durable transmural lesions that terminate recurrent
arrhythmias such as atrial fibrillation, flutter, and ventricular
tachycardia as an alternative to radiofrequency ablation (RFA),
which has heating as an unwanted side effect. In addition to
their ablation potential, nsPEFs can have significant effects
that are non-lethal and affect cell fate. The finding that nsPEFs
can modulate electron transport has a significant potential
to modulate metabolism as shown by the activation of bone
marrow-derived DCs, induce proliferation and differentiation
in osteoblasts and myoblasts, and induce mesenchymal stem
cell differentiation. These initial non-lethal findings and the
concept that different nsPEF waveforms can modulate different
cellular effects open new fields for exploration and possible
clinical application to be resolved with further research.

Footnote

The charging effects of nsPEFs as Vs/cm are determined
for in vitro experiments where cells are treated in suspension is
determined as the pulse duration (r) in seconds (s), times the
electric field in volts/centimeter (v/cm) (E), times the square
root of pulse number (n)>or Vs/cm = t x E x n%. The square
root factor, only determined for in vitro experiments, includes
the random walk theory [48] The formula for in vivo tumor
treatment ist x E x n.
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