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ABSTRACT

Introduction: The skin acts as a barrier and prevents transcutaneous delivery of therapeutic agents.
Transfersomes are novel vesicular systems that are several times more elastic than other vesicular
systems. These are composed of edge activator, phospholipids, ethanol, and sodium cholate and are
applied in a non-occlusive manner.

Areas covered: This article covers information such as merits/demerits of transfersomes,
regulatory aspects of materials used in preparation, different methods of preparation,
mechanism of action, review of clinical investigations performed, marketed preparations
available, research reports, and patent reports related to transfersomes.

Expert opinion: Research over the past few years has provided a better understanding of
transfersomal permeation of therapeutic agents across stratum corneum barrier.
Transfersomes provides an essential feature of their application to variety of compositions
in order to optimize the permeability of a range of therapeutic molecules. This is evidenced
by the fact that there are several Transfersome products being processed in advanced clinical
trials. It is noteworthy that a number of Transfersome products for dermal and transdermal
delivery will gain a global market success in near future.
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1. Introduction (3) Stomach cancer (9% of all cancer deaths;

Cancer is one of the lead factors responsible for deaths 723,000 people).

worldwide, caused by persistent tissue injury, host envir- (4) Colorectal cancer (9% of all cancer deaths;
onment relations, etc. The frequent contact of carcino- 694,000 people).

gens such as tobacco, ultraviolet light, and infections (5) Breast cancer (6% of all cancer deaths; 522,000
leads to various genetic (mutations), epigenetic (loss of people).

heterozygosity), and worldwide transcriptome changes (6) Cancer of the esophagus (5% of all cancers
(via inflammation pathways) and is linked with increased diagnosed; 400,000 people).

cancer risk [1]. Owing to increased rate of cancer and (7) Pancreas cancer (4% of all cancers diagnosed;

global prevalence during the last decade, it has posed a 330,000 people).
great challenge to health-care professionals. World Health
Organization (WHO) statistics suggest a concerning 45%
boost in global cancer deaths by 2030, of which 70%
would be contributed from emerging countries such as
India [2]. With constant progression in the field of science
and technology, the need to address the practical pro-

blems associated with the drug therapies increased pro-

In 2012, the most common causes of cancer death
worldwide (for males and females) were:

(1) Among males: lung, liver, stomach, colorectal,
and prostate.
(2) Among females: breast, lung, colorectal, cervi-

portionately. Cutaneous melanoma is the most violent
skin cancer, accounting for 75% of all deaths [3].

In 2012, the most common causes of cancer death
worldwide (for both sexes) were:

(1) Lung cancer (19% of all cancer deaths; 1.6 mil-
lion people).

(2) Liver cancer (9% of all cancer deaths; 745,000
people).

cal, and stoma

During 2016, a predicted population of around
1,685,210 consisted new cases of cancer which were
diagnosedin the United States out of which around
595,690 people were died from the disease. In 2016, the
most prevailing forms of cancer were; breast cancer, lung
and bronchus cancer, prostate cancer, colon and rectum
cancer, bladder cancer, melanoma of the skin, Non-
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Hodgkin lymphoma, thyroid cancer, kidney and renal
pelvis cancer, leukemia, endometrial cancer, and pancrea-
tic cancer.[4].

1.1. Transfersomes

The newly presented novel drug carriers are highly
deformable vesicles, i.e. transfersomes, which can
carry large molecules across intact mammalian
skin. A transfersome, in the widest sense of the
word, is a tool that can pass instinctively through
a skin and transfer drugs from the application to
the target site [5-7]. The use of lipid vesicles as a
drug delivery system for skin treatment has gained
increasing attention this year, but it remains con-
troversial; mainly relevant reports cite the localiza-
tion effect of liposomes, with the transport
processes reported in a few cases, depending on
the formulation [8,9]. To resolve these issues, a
novel type of highly deformable lipid vesicle
known as transfersome has been reported recently
to go through intact skin, if applied non-occlu-
sively, since non-occlusive conditions are essential
to generate a transepidermal osmotic gradient,
which acts as the driving force for elastic transport
into the skin. The osmotic gradient is caused by
the difference in water concentration between the
skin surface and skin interiors. Transfersomes are
highly deformable, and this property assists in their
quick penetration through the intercellular lipid
pathway of the subcutaneous tissue. Some of the
exploratory findings reported on the existence of
misdeeds inside the intercellular lipid packing of
murine subcutaneous tissue, which acts as the vir-
tual channel through which transfersomes can
penetrate [6,10]. Transfersomes have been defined
as specially designed vesicular particles consisting
of at least one inner aqueous compartment
enclosed by lipid vesicles; liposomes in
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Figure 1. Structure of transfersomes.

morphology, but, functionally, transfersomes are
suitably deformable to go through pores much
smaller than their own size. A schematic diagram
of the structure of transfersomes is presented in
Figure 1.

Introduced in 1992, Cevc and Blume second-gen-
eration vesicular carriers, named Ultradeformable lipo-
somes or Transfersomes®, possess slighter vesicular
size (typically <300 nm) and higher elasticity (typically
five-eight times higher compared with conventional
liposomes) [10-12].

1.2. Historical background

The transfersome term was first introduced by Cevc
[10] and has been the subject of several patents and
literature information since the 1990s (Transfersomes,
a trademark of IDEA AG, Munich, Germany), and it
represents the first generation of ultradeformable
vesicles. The skin permeation and penetration of
these elastic vesicles result from a synergic mechan-
ism among the carrier properties and the access
enrichment ability. Transfersomes are ultradeformable
lipid bundles of aggregates in supramolecular form
constructed with a minimum of one interior aqueous
segment encircled by a lipid bilayer exhibiting
adapted properties, which are appropriate under the
presence of surfactants in the vesicular membrane
(edge activator (EA)) [13-18]. Even if it is generally
accepted that the permeation of, usually, liposomes
is limited to the outer layer of the stratum corneum,
thus providing a drug or cosmetic localizing effect
within the skin, transfersomes are claimed to infuse
as intact vesicles through the skin layers to the com-
plete circulation. Non-steroidal anti-inflammatory
drug (NSAID) ketoprofen was successful on a valida-
tion basis and was immensely popular in the market.
Ketoprofen was authorized by a Swiss regulatory
agency (Swiss Medic) in 2007; the trade name was
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‘Ketoprofen transdermal’, manufactured by ‘IDEA AG’
pharmaceuticals Pvt. Ltd.

2. Merits/demerits

Transfersomes defeat the skin obstacle by opening
extracellular pathways among the cells in the organ
and then deforming to fit into such passages. In the
process, transfersomes go through a series of stress-
dependent adjustments of the local carrier symphony
to minimize the struggle of motion through the other-
wise confining channels. This process allows transfer-
somes to convey the drugs associated into and
diagonally across the skin easily and very reproduci-
bly. This happens at a rate largely higher than that
achieved by more predictable formulations and offers
an excellent means for controlling drug distribution in
the skin [19,20]. Transfersomes have been used as
carriers for different therapeutic agents, including pro-
teins, insulin [21,22], DNA [23], gap junction protein
[24], peptides [25], albumin [15], nutraceuticals [26],
corticosteroids [27], antigens [28], analgesics [29], sex
hormones [30], and anesthetics [31], and have been
proven to augment significantly the amount of drug
permeated through the skin [10]. The topical applica-
tion of transfersome-entrapped anticancer drug is
described by a few research groups. Skin delivery of
5-fluorouracil (5-FU) [32,33,34], methotrexate, and
bleomycin has been evaluated by many researchers.
Edge activators are often single chain surfactant that
destabilizes lipid bilayers of the vesicles and provides
a flexible membrane, eventually making transfer-
somes highly flexible. The role of sodium deoxycho-
late, Spans, and Tween on the skin penetration and
deposition is discussed in [35-37]. The application of
transfersomes does not engage any intricate proce-
dure and they can be applied by a non-occluded
process, whereby they pass throughout the multi-
layered lipid matrix of the stratum corneum as an
outcome of the hydration or osmotic force within
the skin [38]. One main drawback of these vesicles
corresponds to the difficulty of loading hydrophobic
drugs into the vesicles without compromising their
deformability  and elastic  properties [391.
Transfersomes, by virtue of their enhanced elasticity
in contrast to standard liposomes, are more amenable
to the transport of therapeutic agents across the
human skin. [40].

2.1. Mechanism of action

The present investigation indicates that the transfer-
somes are drug mover systems that can penetrate
across intact skin. It is believed that the unimpeded
passage of such carriers is based on two key factors:
the high elasticity (deformability) of the vesicle bilayers
and the reality of an osmotic gradient across the skin.
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Because of their high deformability, transfersomes with
the help of EAs generate a transepidermal osmotic gra-
dient; and further squeeze among the stratum corneum
cells and carry drug across the whole skin [10]. The
transpore hydrostatic force difference is liable for the
penetration or passage of transfersomes intact through-
out the stratum corneum, i.e. the penetration of trans-
fersome is an outcome of hydrotaxis and the
permeation is governed by principles of elastomecha-
nics [41]. When a transfersome reaches a pore, it is
capable of changing its membrane work reversibly as
an effect of its self-optimizing deformability. To go
throughout the pore, the mechanism of the transfer-
some liable for its deformability starts accumulating at
the site of tension, whereas the less elastic mechanism
experiences dilution, which significantly reduces the
active rate of membrane deformation and allows the
highly elastic particles to go throughout the pores. The
passage of transfersomes through the skin and the
epithelial obstacle is greatly prejudiced by the flexibility
of their membrane, which can be achieved via a suitable
ratio of surfactants. The flexibility of the transfersomal
membrane decreases the risk of complete vesicle rup-
ture in the skin and permits the ultradeformable trans-
fersomes to change their membrane composition
locally and reversibly when they are pressed against or
attracted into a narrow pore. This dramatically lowers
the energetic cost of membrane deformation and per-
mits the resulting highly flexible particles first to enter
and then to pass through the pores rapidly and effi-
ciently [42]. A schematic diagram of the mechanism of
action of transfersomes is presented in Figure 2.

The first mechanism proposes that vesicles can act as
drug carrier systems, whereby intact vesicles enter the
stratum corneum carrying vesicle-bound drug molecules
into the skin under the influence of the naturally occur-
ring in vivo transcutaneous hydration gradient [13].

3. Regulatory aspects

Recently, advances in pharmaceutical science and skill
have made available a range of new excipients, such as
lipids, surfactants, and solvents; though, of late, there
have been reservations within the scientific community
regarding the dullness of excipients and that they in
some capacity have unfavorable effects. Selection of an
excipient throughout the research of a transfersome-
based formulation is limited by safety and toxicity con-
cerns associated with these excipients. Hence, a small
range of excipients are obtainable for planning any
highly porous drug deliverance system. Thus, inert exci-
pients are usually measured when developing a transfer-
some-based formulation and these are used as vesicle-
forming agents, surfactants, EAs, and solvents. Mitigating
the safety concerns, a narrow range of excipients are
obtainable for crafting any highly porous drug delivery
system, such as a transfersome [43]. Different national
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Figure 2. Schematic presentation of mechanism of action of transfersome in transdermal delivery of anticancer agent.

regulatory agencies (WHO, International Pharmaceutical
Excipients Council, US Food and Drug Administration
(FDA), Japanese Ministry of Health and Welfare, and
International Conference on Harmonisation of Technical
necessities for muster of Pharmaceuticals for Human Use)
have maintained a confidential list of excipients as
‘Generally Regarded as Safe’ (GRAS), which have been
clinically categorized not to be toxic. The FDA keeps a
record entitled ‘Inactive Ingredient Guide’, which
includes a catalogue of permitted excipients. This docu-
mentation provides information about the excipients
with a value of their utmost dosage stage by a fastidious
route of direction or dosage form [44]. Phospholipid is a
crucial element for the formation of a transfersome-
based drug delivery system. It is also roughly always
true that the fluid-chain vesicles with a rather elastic
bilayer promote drug transport across skin obstruction
better than the more rigid liposomes [45]. Therefore,
nearly all the common phosphatidylcholine (PC) used to
organize stretchy liposomes is unsaturated PC (i.e. soy-
bean phosphatidylcholine (SPC) or egg phosphatidylcho-
line (EPC)). SPC is a GRAS-listed phospholipid and also
complies with specifications of the Food Chemicals
Codex (http://www.NutriScienceUSA.com). Edge activa-
tor is generally a kind of surfactant which destabilizes
the lipid bilayer of the elastic liposomes and increases
elasticity of the bilayer concurrently. Amid EAs, sodium
cholate, sodium deoxycholate, Span-80, Tween-80 and
Tween-20 were normally used. Biju et al. recommended
that some chemical penetration enhancers such as oleic
acid can be used as well as EA to replace the normally
used surfactant [14]. The survival of mixed micelles also
leads to lower drug trap due to their higher inflexibility
and smaller size [46,47].

Edge activator plays an important role in determining
the skin permeation behavior of elastic liposomes. An
overview of the differences among EAs is helpful for the
selection of an ideal EA for optimal formulation. Sodium
deoxycholate is a water-soluble ionic surfactant.
Valsartan-loaded elastic liposomes containing sodium
deoxycholate as the EA were then investigated [48].
Similarly, sodium cholate, which is used as an EA, is
reported to be non-toxic but has been kept in the
hazardous category as it causes skin and eye irritations
as well as respiratory sensitization. Surfactants can cause
severe gastrointestinal discomfort when used above
certain concentrations; the maximum safe limit of sur-
factant concentration is 10-25%. Ethanol is known to act
as an efficient skin-penetration enhancer. It can interact
with the polar head group region of the lipid molecules,
resulting in a reduction of the melting point of the
stratum corneum lipids, thereby increasing their fluidity
and cell membrane permeability.

4. Method of preparation
4.1. Rotary film evaporation method

This method is also known as the hand-shaking pro-
cess, which was initially invented by Bangham [49]. In
this process, the quantity needed of phospholipids
and surfactants (as EAs) is essential to organize a
thin film [50,51]. It is largely worn for the research of
multilamellar vesicles. A solution of phospholipids and
EAs is organized in a crude solvent such as a combi-
nation of chloroform and methanol. The prepared
solution is transferred to a round-bottomed flask
which is rotated at constant temperature (above the
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glass transition temperature of lipids) and reduced
pressure. A film of lipids and EA is formed on the
walls of the flask. The twisted film is then hydrated
using aqueous media containing drug. This causes
lipids to swell and form bilayer vesicles. Vesicles of
desired size can be obtained by extrusion or by soni-
cation of the superior vesicles [52].

4.2. Reverse-phase evaporation method

At this point, the scheme will alter to a viscous gel
followed by the arrangement of vesicles. The non-
encapsulated material and residual solvents can be
indifferentiable using dialysis or centrifugation [52].
In this method, lipids dissolved in organic solvents
are collected in a round-bottomed flask. Aqueous
media containing EAs is added under nitrogen pur-
ging. The drug can be added to the lipid or aqueous
medium based on its solubility character. The system
formed is then sonicated, awaiting its conversion into
a standardized dispersion, and should not separate for
at least 30 min after sonication. The organic solvent is
then removed under low pressure.

4.3. Vortexing sonication method

In the vortexing sonication method, mixed lipids (i.e.
phosphatidylcholine, EA and the therapeutic agent)
are blended in a phosphate buffer and vortexed to
attain a milky suspension. The suspension is soni-
cated, followed by extrusion through polycarbonate
membranes [53]. Cationic transfersomes have also
been set by this method, which involves mixing catio-
nic lipids, such as DOTMA, with PBS to attain a con-
centration of 10 mg/ml followed by a count of sodium
deoxycholate (SDC). The blend is vortexed and soni-
cated, followed by extrusion through a polycarbonate
(100 nm) filter.

4.4. Ethanol injection method

In this process, the aqueous solution containing
drug is heated with unremitting stirring at con-
stant temperature. Ethanolic solution of phospho-
lipids and EAs is injected into aqueous solution
dropwise. As the solution comes into contact with
aqueous media the lipid molecules are precipitated
and form bilayered structures. This process offers
assorted advantages over other methods, which
include simplicity, reproducibility, and scale-up
[54,55].

4.5. Freeze-thaw method

This method includes the exposure of multilamellar
vesicles to alternate cycles of very low temperature
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for freezing followed by exposure to very high
temperature. The geared-up suspension is trans-
ferred to a tube and dipped in a nitrogen bath
(=30°C) for 30 s. After freezing, it is exposed to a
high temperature in a water bath. This course is
repeated eight-nine times [56]. An application of
transfersomes in the delivery of various therapeutic
agents is summarized in Table 1.

5. Applications
5.1. Actinic keratosis

Actinic keratosis (AK) is an ordinary skin ailment
caused by long-standing sun exposure, and classically
forms on the face, neck, balding scalp, chest,
shoulders, and the back of arms and hands of adults,
75% of all reported lesions existing on the head, neck,
and forearms. Actinic keratosis is characterized by the
shape of keratotic macules, papules, or plaques with
superficial scales on a red base. Lesions are frequently
asymptomatic, but they can be painful or itchy. Owing
to the swelling nature of the condition, the occur-
rence of AK increases with age and is an ordinary
condition in the adult populace aged over 50 years
[84]. Treatment of AK depends on the medical appear-
ance of the lesions: it may be fought at exact lesions
(lesion directed) or at numerous lesions over a large
area (field directed), and occasionally both treatment
approaches are used. Therapy options include cryo-
surgery, curettage, excision surgery, photodynamic
therapy (PDT), and topical treatments (5-FU cream,
diclofenac gel, imiquimod cream, and ingenol mebu-
tate gel).

A study in England reported a prevalence rate of
15.4 and 5.9% in men and women, respectively. This
rate amplified to 34.1 and 18.2% in men and women
aged above 70 years [85]. The study set up to inves-
tigate the occurrence of AK was better in individuals
with red hair and freckles, which indicates Fitzpatrick
skin type I. There was a similar, but extra-marked,
boost reported in Australia; prevalence rates of AK
were 22 and 8% for men and women aged
30-39 years, which increased to 83 and 64%, respec-
tively, in adults aged 60-69 years [86]. One reason for
the greater incidence rate in males might be that it is
more possible for them to labor outdoors and have
more sun contact.

5.1.1. Topical delivery of 5-FU for the treatment of
AK and non-melanoma skin cancer

Unfortunately, 5-FU showed poor percutaneous per-
meation, thus reducing its anticancer effectiveness
after topical administration. The in vivo results con-
cluded that vesiculization of 5-FU not only improves
the topical delivery, but also enhances the cytotoxic
effect of 5-FU [87]. An instance of transfersomal gel
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containing 5-FU provided efficient results against the
treatment for AK and non-melanoma skin carcinoma,
which showed up to a twofold increase of transder-
mal release in contrast to other marketed formula-
tions [88].

5.2. Basal cell carcinoma

The frequency of basal cell carcinoma shows clear
environmental variation. The age-standardized occur-
rence of basal cell carcinoma in South Wales was
predictable at 114 per 100,000 population in 1998
[89]. The common age and sex-standardized annual
occurrence in Minnesota, USA, was reported at 146
per 100,000. In Australia, the rate is ahead at 726 per
100,000 [90]. These statistics are likely to be under-
estimates, as basal cell carcinoma tends to be under-
reported to the cancer registries. In white popula-
tions in North America, the frequency has improved
more than 10% a year, foremost to a lifetime risk of
30% of growing a basal cell carcinoma [91]. With an
ever increasing elderly population, the disease is
likely to become more of a problem in the future.
Certainly, the prevalence of this cancer will probably
be greater than that of all other cancers mutually.
The age-standardized occurrence of basal cell carci-
noma in white populations is generally between 18
and 40% higher in men (British and Australian data)
[92]. Basal cell carcinoma is extremely uncommon in
dark-skinned races. Skin type | (always burns, never
tans), red or pale hair, and blue or green eyes have
been shown to be risk factors for the development
of basal cell carcinoma, with an estimated odds ratio
of 1.6 [93]. Advance of basal cell carcinoma is
reported to be more frequent after freckling in child-
hood and also after frequent or severe sunburn in
childhood [94,95]. This is in contrast to a history of
sunburn as an adult, which does not seem to be
associated with the development of basal cell carci-
noma [95].

Other non-ultraviolet ecological exposures that have
been connected with amplified risk of basal cell carci-
noma include ionizing radiation, high dietary energy
(especially fat), low intake of vitamins, and various che-
micals and dust. Introduction to arsenic predisposes one
to multiple basal cell carcinomas [96,97].

Patients on an immunosuppressive cure also
have an increased risk of basal cell carcinoma. A
study in the Netherlands showed that the occur-
rence of basal cell carcinoma in transplant recipi-
ents was 10 times higher than in the general
population [97].

Fadel et al. [98] reported that indocyanine green
was encapsulated in a vesicular colloidal nanocarrier
(transfersomes) for potential application as a photo-
sensitizer in topical PDT of basal cell carcinoma.

5.3. Kaposi’s sarcoma

Kaposi's sarcoma (KS) was first described in 1872
by the Hungarian dermatologist Moritz Kaposi. At
that time, before human immunodeficiency virus
(HIV) and acquired immune deficiency syndrome
(AIDS), KS remained a rare tumor. While the major-
ity of the cases seen in Europe and North America
have occurred in aged men of Italian or Eastern
European Jewish ancestry, the neoplasm also
occurs in some other distinct populations: young
black African adult males, prepubescent children,
renal allograft recipients, and other patients receiv-
ing immunosuppressive therapy. The disseminated,
fulminate form of KS associated with HIV disease is
referred to as epidemic KS to distinguish it from
the classic, African, and transplant-related varieties
of the neoplasm. In addition, KS has been acknowl-
edged in homosexual men apart from the HIV dis-
ease epidemic [99]. In the 1950s, KS was known as
a comparatively ordinary neoplasm endemic in
inhabitant populations in equatorial Africa and
comprised approximately 9% of all cancers seen
in Ugandan males. During 1969, the first case of
KS in connection with immunosuppression in a
renal transplant patient was described. At that
time, a number of renal and additional organ allo-
graft recipients who received conventional predni-
sone and azathioprine developed KS shortly after
the onset of immunosuppressive therapy [100].
Pathak et al. [101] developed deformable nanove-
sicles of paclitaxel capable of being used in dermal
chemotherapy, especially deep into the dermal
areas of AlIDS-related KS. An in vitro cytotoxicity
study on KSY-1 cell lines revealed higher 1Csg
(<17) for transfersome against 1Cso < 19 for trans-
fersome gel. Confocal laser scanning microscopy
confirmed the penetrating potential of transfer-
somes via transfersome gel to the dermal layers
of skin, the proposed target site [101].

5.4. Melanoma

A melanoma is an atrocious tumor that arises from
melanocytes, dendritic cells that create melanin, a
tincture that protects the body from destructive
ultraviolet (UV) radiation. Melanocytes use tyrosine
to synthesize melanin. A cluster of melanocytes
form nevi (pigmented lesions or moles), and mela-
noma results when these melanocytes undergo a
malignant transformation. Melanocytes may be cre-
ated in various areas of the body; nevertheless,
they are mainly situated in the epidermis, and
more than 90% of all melanomas have cutaneous
incidence rates and epidemiology. The frequency
of melanoma varies, with the peak rates in
Northern Europe, New Zealand, Australia, and



North America [102,103]. Melanoma has one of the
fastest-growing rates in the US. The US occurrence
rate increased from 7.9 to 17.7 per 100,000 persons
between 1975 and 2000. The American Cancer
Society estimated that, in 2012, about 76,250 new
melanoma cases (44,250 men, 32,000 women)
would be diagnosed and about 9,180 individuals
(6,060 men, 3,120 women) would die from the
disease [104]. Lin et al. [105] formulated 5-amino-
levulinic acid (5-ALA)-loaded DPPC liposomes in
melanoma treatment. The results found that 5-
ALA/DPPC formulation reduced cell viability and
mitochondria membrane potential, and enhanced
intracellular ROS accumulation as compared with
5-ALA alone in melanoma cells. Furthermore, the
5-ALA/DPPC formulation also had better skin pene-
tration ability as compared with the 5-ALA in our
ex vivo data by assaying 5-ALA converted into
protoporphyrin IX (PplX) in the skin of the mice
that were experimented on. In melanoma xeno-
graft models, 5-ALA/DPPC enhanced PplIX accumu-
lation only in tumor tissue, not normal skin [105].
siRNAs have potential therapeutic applications in
various dermatological diseases such as psoriasis,
atopic dermatitis, and cancer. Dorrani et al. [106]
prepared a series of liposome compositions that
contained various concentrations of EA in their
structures and then complexed them with siRNA
at different ratios to generate a small library of
liposome-siRNA complexes (lipoplexes) with differ-
ent physicochemical properties. Quantitative ima-
ging analysis showed effective permeation of
lipoplexes through the skin layers and deposition
at the upper dermis. The ability of the formulated
lipoplexes to internalize into melanoma cells,
knockdown the expression of the B-raf murine sar-
coma viral oncogene homolog B1 (BRAF) protein,
and induce cell death in melanoma cells was stu-
died by fluorescent microscopy, in-cell immuno-
fluorescence assay, and WST-1 cell proliferation
assay [106].

5.5. Squamous cell carcinoma

Squamous cell carcinoma (SCC) is an epithelial
malignancy that occurs in organs that are usually
enclosed with squamous epithelium which
includes numerous diverse anatomic sites, count-
ing the skin, lips, mouth, esophagus, urinary tract,
prostate, lungs, vagina, and cervix. SCC represents
the most common cancer capable of metastatic
spread in the US and worldwide [107]. Tobacco
smoking and human papilloma virus (HPV) are car-
cinogenic causes for all four sub-types. In total,
quite a lot of risk factors are public amid the
chief SCC types. Fair-skinned persons who burn
and never tan are at a much higher risk for on-
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the-rise skin SCC than those with darker skin, and
it has been confirmed that both past sun exposure
and strong sun exposure appear to heavily predis-
pose the population to skin cancer [108,109].

Furthermore, HPV may be involved in the multistep
procedure of skin carcinogenesis as a co-factor with
UV radiation, especially in patients with poor resis-
tance, such as limb transplant recipients and smoking
tobacco, which may double the risk of skin cancer
[110,111].

Gupta et al. [112] designed protransfersome for
local delivery of cisplatin in cutaneous epithelial
malignancies. The presence of a fluorescence mar-
ker in the skin showed better skin penetration
ability of the protransfersome. The results of in
vivo performance of the system showed an
increase in the therapeutic efficacy of the drug
with less systemic toxicity [112]. Applications of
transfersomes in the delivery of various anticancer
agents are presented in Table 2. In addition to all
this information, studies, and roles, a number of
patents have been filed and granted, brief details
of which, representing various formulation aspects
and potential of transfersomes, are summarized in
Table 3.

6. Concluding remarks

Transfersomes are personally designed vesicles capable
of responding to external stress by squeezing them-
selves through skin pores that are many times nar-
rower than they are, leading to increased transdermal
flux of the therapeutic agents. It is clear that transfer-
somes can deliver enhanced amounts of both small
and large therapeutic agents into and through the
skin. The exact mechanism by which transport occurs
remains to be elucidated, and evidence for transport of
intact vesicles beyond the stratum corneum is lacking.
There are increasing applications of enhanced delivery
by transfersome formulations. However, there are only
two transfersome-based formulations currently avail-
able in the market and the reported clinical studies
mainly involve ketoprofen and insulin. The application
of transfersomes in cancer presents treatment of AKs,
basal cell carcinoma, SCC, melanoma, and KS. The
transfersomes can be a good carrier option for deliver-
ing the drug into the skin layers and hence useful for
the treatment of skin cancers. It is likely that a number
of transfersome products for dermal and transdermal
applications will be developed in the future.
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