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Abstract

A brief overview is here provided on lipofus-
cin and lipofuscin-like substances, with partic-
ular reference to their biological significance
as well as to their cellular origin and patho-
physiological role. Special emphasis is also
placed on the mutual relationships between
lipofuscin and lipofuscin-like lipopigments on
one side, and cell autofluorescence on the
other.

Introduction

I have read with great interest the outstand-
ing review article by Croce and Bottiroli on
autofluorescence (AF) spectroscopy and imag-
ing, recently published in European Journal of
Histochemistry.! In this respect, as correctly
stated by the aforementioned authors, the fre-
quent presence of endogenous biomolecules
with a fluorophore-like behavior in organisms
and living systems across the entire life king-
dom makes AF a commonly occurring biologi-
cal phenomenon. As still correctly highlighted
by the authors, several endogenous fluo-
rophores - such as porphyrins, a variety of vita-
mins (vitamin A, riboflavin, thiamine), struc-
tural proteins, lipofuscin and ceroid pigments,
along with others - may be responsible for cell
and tissue AF'. Noteworthy, intracellular AF
has been recently characterized as a selective
biomarker for epithelial cancer stem cells
(CSCs), with such epithelial CSC-specific AF
being also accompanied by a strongly invasive
and chemoresistant cell phenotype.? After hav-
ing excluded autophagy, riboflavin (vitamin
B,) has been recognized as the biomolecular
substrate responsible for the AF selectively
observed in epithelial CSCs% Surprisingly
enough, however, lipofuscin and lipofuscin-
like compounds/lipopigments were not includ-
ed among the potential-putative factors
responsible, at least in part, for the AF seen in
epithelial CSCs. On the basis of what above,
while it should be duly highlighted, on one
side, that almost no doubts exist on the
absolute relevance, biological significance and
extremely important implications (also from
the fight against cancer standpoint) of the orig-
inal and intriguing results of the aforesaid
study,’ it should be additionally emphasized,
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on the other side, that not considering lipofus-
cin and lipofuscin-like compounds among the
biomolecular substrates potentially-putatively
responsible for the AF specifically detected in
epithelial CSCs could be regarded as a concep-
tual error leading to a methodological slip.

Autofluorescent lipofuscin and
lipofuscin-like pigments

Indeed, alongside with riboflavin (vitamin
B,) and among the several previously men-
tioned endogenous biomolecules exhibiting a
fluorophore-like activity,! autofluorescent lipo-
fuscin and lipofuscin-like pigments may also
occur in the cell cytoplasmic compartment,
with these heterogeneous substances also
showing variability in their protein, lipid
and/or carotenoid composition, crosslinks and
oxidation level.? Furthermore, the formation of
lipofuscin and lipofuscin-like compounds is
known to take place under a variety of patho-
physiological conditions, such as oxidative
stress and ageing,*® two sides of the same coin
which are essentially characterized by a pro-
gressive unbalance between protein damage
and clearance, leading at its turn to an
increased protein homeostasis disturbance,
with accumulation of oxidized proteins’ aggre-
gates and, subsequently, of highly-cross linked
materials such as lipofuscin and lipofuscin-
like lipopigments, affecting cell viability. Cell
viability appears to be especially compromised
in postmitotic cells, such as neurons, provided
they cannot reduce their lipofuscin load
through karyokinesis.* At the light of what
above, lipofuscin and lipofuscin-like com-
pounds should be regarded as aggregates of
undigested cell materials resulting from phago-
cytosis and autophagy processes and accumu-
lating as endocytoplasmic granules under both
physiological and pathological conditions.*?
During ageing, for instance, lipofuscin accu-
mulation may be physiologically observed in
the liver as well as in the central nervous sys-
tem, at the level of which the occurrence of
lipofuscin, lipofuscin-like lipopigments and
ceroid may be also detected during oxidative
stress, or as a response to given lysosomal stor-
age diseases (Batten disease or neuronal
ceroid lipofuscinosis)® and to a number of
physical and chemical noxae, such as radia-
tion, cisplatin, lead (Pb) and mercury (methyl-
Hg), under both natural and experimental dis-
ease conditions.'™" Moreover, lipofuscin and
lipofuscin-like substances, which alongside
with their well known AF properties'!! may be
easily demonstrated in host cells by means of
Schmorl and/or Sudan Black histochemical
stains,!*1213 have been reported to increase in
human mesenchymal stem cells subjected to
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oxidative stress,* while decreasing in murine
embryonic stem cells undergoing differentia-
tion,” a finding that might be of relevance also
in relation to the recently described epithelial
CSC-specific AF Beside what above, lipofus-
cin bodies may be observed in a number of
additional pathologic conditions, both neoplas-
tic and non-neoplastic, such as pancreatic
tumours, non-choroidal melanomas, mammary
gland carcinomas, pigmented eyelid cysts, reti-
nal degenerative processes like age-related
macular degeneration and brown bowel syn-
drome or intestinal lipofuscinosis.'>131617

As far as the biological effects exerted by
lipofuscin and lipofuscin-like lipopigments in
host cells are concerned, they have not been
precisely determined, thus far. Nevertheless,
beside being a powerful oxidants’ source, lipo-
fuscin has also been shown to incorporate iron
in a redox-active fashion and to induce apopto-
sis, with the degree of lipofuscin-driven cell
damage and cytotoxicity appearing to be tightly
related to the iron concentration present in
lipofuscin itself.!$

Finally, regarding the fate and processing of
lipofuscin and lipofuscin-like substances
inside host cells, it should be also underscored
that, as in the case of many other large protein
aggregates, the process responsible for their
uptake and degradation is macroautophagy,
the best characterized among autophagy-relat-
ed pathways.” The first step of macroau-
tophagy consists in the formation of the so-
called autophagosome, a double membrane-
bound vesicle engulfing the aforementioned
protein aggregates, so that they can be subse-
quently delivered to the cell endo-lysosomal
system for digestion, with the resulting struc-
ture being named autophagolysosome.* In this
respect, while macroautophagy has been
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recently found to be impaired in ageing by
endocellular lipofuscin accumulation,® addi-
tional experimental data obtained in aged
mice support the hypothesis that lysosomal
acidification could prevent the accumulation
of lipofuscin and lipofuscin-like lipopigments
in retinal pigmented epithelial cells, which are
consistently damaged in human age-related
macular degeneration.?' Notwithstanding what
above, another recent study suggests that
autophagosomes and lysosomes are not com-
pulsorily involved in lipofuscin formation but
they rather act as a storage site for biomolecu-
lar aggregates of this kind, thereby contribut-
ing to mitigate their cytotoxicity.”?

Concluding remarks

Although the first microscopic evidence of
AF was reported over 100 years ago,! the inter-
est of the scientific community in this wide-
spread biological phenomenon continues to be
remarkable, as clearly exemplified, among oth-
ers, by the recent characterization of AF as a
biomarker for epithelial CSCs.2 In this respect,
few doubts also exist about the enormous pos-
sibilities offered by the increasingly sophisti-
cated biomolecular and microscopic tech-
niques for a better characterization of autoflu-
orescent lipofuscin and lipofuscin-like lipopig-
ments, with special reference to their biologi-
cal significance, cell origin and fate, along
with their pathophysiological role in health,
ageing and disease.
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