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In this second Editorial for 2022, we will highlight three Orig-
inal Articles describing (1) the effect of melanoma-produced
exosomes on melanoma-associated fibroblasts compared to
normal dermal fibroblasts, (2) exploitation of expression of
altered focal adhesion kinase protein and mRNA for analysis
of papillary thyroid carcinoma progression, and (3) detemina-
tion of the bioavailability time of thymidine analogues in an
in vivo mouse model; and a Short Communication describing
multimodal chemical analysis and machine learning to assess
the effects of environmental pollutants on a soil earthworm
model. We hope you enjoy these highlights as well as the
entire February issue of Histochemistry and Cell Biology.

Melanoma cell-derived exosomes
and communication in the melanoma
microenvironment

Exosomes are extracellular vesicles 40-100 nm in diameter
formed by the secretion of multivesicular endosomes of many
different cell types (Harding et al. 1983; Pan and Johnstone
1983; Raposo and Stoorvogel 2013). They play important roles
in intercellular communication as vehicles for the transfer of
membrane and cytosolic proteins, lipids and RNA (both micro-
RNA and mRNA). Cancer cells and other cell types in the
tumor microenvironment secrete exosomes, which may con-
tribute to tumor progression and tumor cell migration related
to metastasis formation (Rak 2010; Hood et al., 2011). Regard-
ing exosomes secreted by melanoma cells, they may stimulate
proinflammatory signaling in the metastatic microenvironment
of melanoma (Gener Lahav et al. 2019), suppress antitumoral
activity of CD8* T lymphocytes (La Shu et al. 2020), and be
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involved in the reprogramming of fibroblasts to cancer-associ-
ated fibroblasts (Hu and Hu 2019; La Shu et al. 2018).

In their present work, Strnadov4 et al. (2022) investigated
the effect of melanoma cell-derived exosomes on cultured
normal human dermal fibroblasts (HDF) and on melanoma-
associated fibroblasts (mCAF) alone and in combination
with melanoma cells. Among three melanoma cell lines
(A2058, BLM, and G361) analyzed, the G361 cell line,
established from a primary malignant melanoma, provided
a rich source of exosomes. Exosomes purified from G361
cells significantly decreased adhesion and growth of both
HDF and mCAF, with the effect being stronger on HDF, as
well as their proliferation, and increased the speed of migra-
tion in 2D G361 exosome-exposed HDF but not of mCAF.
For both types of fibroblasts, when grown as 3D spheroids in
agarose molds, treatment with G361-derived exosomes sig-
nificantly increased their mean invasion index after 24 and
48 h of treatment. Mixed 3D spheroids composed of G361
melanoma cells and either fibroblast type were exposed to
a mixture of collagen-1 and G361-derived exosomes, and
the melanoma cell invasion was evaluated after 144 h. The
invasion of melanoma cells of spheroids formed with HDF
was not significantly influenced by G361 exosomes, whereas
their invasion was significantly increased when spheroids
were formed with mCAF (Fig. 1).
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Fig. 1 Normalized invasion index of melanoma cells grown as sphe-
roids with either melanoma-associated fibroblasts (mCAF) or normal
human dermal fibroblasts (HDF). From Strnadova et al. (2022)
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In their transcriptomic analysis, the authors detected a
significant, albeit different influence of G361 exosomes
on fibroblasts. For instance, although genes for cytokines
and chemokines were upregulated in mCAF, they were
unchanged or downregulated in HDF. Genes for various
matrix metalloproteinases were generally upregulated in
mCAF and only infrequently in HDF. Gene set enrich-
ment analysis verified that G361 exosomes had a major
influence on proteins involved in extracellular matrix
organization and inflammatory response in both HDF
and mCAF. Analysis of supernatants from control and
G361 exosome-treated HDF and mCAF cultures by a
Proteome Profiler XL kit revealed a complex pattern. For
example, ILIRL1 was detected in non-treated HDF and
in G361 exosome-treated mCAF, whereas thrombospon-
din-1 was found in G361 exosome-treated HDF and in
non-treated mCAF. On the other hand, IL-6 and CXCL-8
were significantly increased in exosome-treated mCAF
but remained unchanged in HDF. In more general terms,
the authors concluded that activation of mCAF by G361-
derived exosomes occurs more commonly than that of
HDF. As a consequence of the observed significantly
stimulated tumor-promoting proinflammatory activity of
G361 exosomes on mCAF, it is proposed that they may
represent a therapeutic target.

Expression of focal adhesion kinase
to monitor papillary thyroid carcinoma
progression

Focal adhesion kinase (FAK), a non-receptor tyrosine
kinase localized to the cell cytoplasm, plasma mem-
brane, and nucleus, is overexpressed in a number of
human cancers and is involved in several aspects of
tumor progression (Zhou et al. 2019). Ignjatovic et al.
(2022) have now investigated whether expression of
altered and unaltered FAK at the protein and mRNA
level may serve as molecular markers for diagnosing
progression of papillary thyroid carcinoma (PTC), a nor-
mally non-aggressive tumor which in some cases can
progress to metastatic spread. Specifically, they ana-
lyzed expression of autophosphorylated FAK on tyros-
ine residue in position 397 of the protein (pY397-FAK;
indicates FAK protein in activated state) as well as two
aberrantly spliced FAK transcripts (FAK-Del126 and
FAK-Del133) since all three have been previously shown
to be present in some other human cancers (Albasri et al.
2014; Fang et al. 2014a, b; Yao et al. 2014). Employing
Western blotting and immunohistochemistry (Fig. 2) to
detect FAK protein and qRT-PCR for mRNA transcripts,
they analyzed samples in a semi-quantitative manner
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Fig.2 Autophosphorylated focal adhesion kinase (pY397-FAK) is
detectable by immunohistochemistry in papillary thyroid carcinoma
but not in surrounding normal tissue. From Ignjatovi¢ et al. (2022)

from 80 patients diagnosed with PTC (both tumor and
paired non-malignant samples were compared).

Their results demonstrated (1) the expression of
pY397-FAK was found to be elevated in the malignant
samples compared to the non-malignant controls by
both Western blot and immunohistochemical analyses;
(2) pY397-FAK was found to be predominantly distrib-
uted in both the cell cytoplasm and plasma membrane,
with less frequent occurrence in the nucleus; (3) when
present, nuclear localization of pY397-FAK was most
commonly associated with a follicular variant of PTC;
(4) expression of spliced FAK-Del126 and FAK-Del133
transcripts was found to correlate well with the expres-
sion of pY397-FAK protein in tumor samples; (5) both
pY397-FAK protein expression and FAK-Del133 mRNA
expression correlated positively with the degree of tumor
neoplastic tissue infiltration. Their results indicate that
the level of PTC aggressiveness can be correlated with
a deregulation of FAK at both the protein and mRNA
levels. Moreover, the expression of pY397-FAK protein
may prove to be a potential biomarker for evaluating the
aggressive nature of individual PTC tumors.

In vivo bioavailability estimates
for thymidine analogues

Cellular DNA synthesis and cell proliferation are often
investigated using the incorporation of labeled thymi-
dine (or its synthetic analogues) into replicating DNA
(Manders et al. 1996). When seeking to investigate
cell cycles in cultured cells, modified nucleotides are
typically added to the cell culture medium, followed by
analysis of their incorporation into the DNA. Similar
efforts in intact animals are more complicated, where
the time interval during which the labeled nucleotide
incorporates into the replicating DNA is difficult to con-
trol via the methodology applied; instead, in this case,
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the time interval can be estimated by the rate of label
propagation in the blood system together with the rate of
the metabolism of the label in the organism. This raises
the important concept of bioavailability time, which is
defined as “the time interval in which the entire amount
of the modified nucleotide is completely metabolized”
(Maltsev et al. 2022). Since Podgorny et al. (2018) have
recently published a triple S-phase labeling of dividing
stem cells in vivo using combinations of the thymidine
analogues 5-iodo-2'-deoxyuridine (IdU), 5-chloro-2'-
deoxyuridine (CldU), and 5-ethynyl-2'-deoxyuridine
(EdU), they have now investigated the bioavailability
time for each of these modified nucleotides (Maltsev
et al. 2022) to determine the level of consistency among
these labeling probes. They evaluated the labeling kinet-
ics in vivo and the time for clearance from the blood for
the common thymidine analogues I1dU, CldU, and EdU
and compared them to those for the standard BrdU. A
two-pronged approach for evaluation was utilized: (1)
using an in vivo mouse model they determined the num-
ber of labeled cells in the hippocampal dentate gyrus
(DG) at different time points following injection of
the synthetic probes (the DG possesses many positive
attributes which make it a good model tissue area for
assessing cell cycle labeling) (Fig. 3); (2) blood sera
collected from the same injected animals was incubated
with cultured HeLa cell media to investigate the ability
of cleared nucleotides to label DNA synthesis in vitro.
Their results demonstrated that all of the thymidine
analogues show similar cell labeling kinetics (vast
majority of dividing cells labeled within first 10 min
of pulse label delivery) and are also cleared from the
circulation with very comparable time intervals fol-
lowing a single intraperitoneal injection. Specifically,
times of label incorporation were determined to be on
the order of 1 h. As such, sera collected from the animals
within 1 h of thymidine analogue injection contained
sufficient amounts of these probes to label proliferating
cells in culture. These results validate the use of multiple
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Fig.3 Labeling kinetics of hippocampal dentate gyrus cells after
intraperitoneal injection of the thymidine analogue BrdU. From Malt-
sev et al. (2022)

popular thymidine analogues, either singly or in multiple
S-phase labeling studies, provided that they are used in
equimolar concentrations.

Sequential multimodal chemical
image analysis and machine learning
for environmental toxicology

Knowledge about the uptake of environmental pollut-
ants and their effects on tissue integrity and function
is of ever increasing importance (Leblanc 2004). The
earthworm Eisenia fetida is a terrestrial model organism
for toxicological studies, and in addition to histological-
histochemical techniques, chemical imaging analyses
by different spectroscopic techniques have been applied
(Liebeke et al. 2015). However, traditional tissue anal-
ysis approaches are not only time-consuming but also
of limited value. In their present work, Ritschar et al.
(2022) aimed to improve this situation by developing a
multimodal approach and combining it with improved
data acquisition and evaluation. They report a sequential
multimodal imaging approach combining Fourier trans-
form infrared spectroscopy (FTIR) followed by matrix-
assisted laser desorption/ionization mass spectrometry
imaging (MALDI-MSI) and finally H&E staining on the
same 20-pm-thick cryosections prepared from sodium-
carboxymethylcellulose-embedded segments of adult
Eisenia fetida (Fig. 4).

By first applying FTIR imaging, a rapid, noninvasive
chemical overview of the tissue section was obtained and
used to identify regions of interest for subsequent MS imag-
ing. Analysis of the FTIR spectra was performed by apply-
ing a machine learning algorithm based on random decision
forest classification (RDF) (Horning 2010), which is highly
capable of dealing with complex data systems. The authors
emphasized several advantages of RDF, such as rapid tissue
type characterization and reduced observer bias providing a
high percentage of classification accuracy. Following FTIR
identification of regions of interest, specific lipids were iden-
tified by high-resolution MALDI-MSI. MALDI-MSI, as a
label-free on-tissue type of biochemical lipid microscopy

Fig.4 Region of interest of a tissue section of E. fetida. d Results of
RDF model application of the FTIR data. e Different lipids identified
by MALDI-MSI are colored in red, blue, and green. f H&E staining,
bright-field microscopy. From Ritschar et al. (2022)
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(Sparvero et al. 2012), is particularly suitable for this analy-
sis since lipids are the main tissue constituents of Eisenia
fetida and their metabolism has been shown to be altered
following pollutant exposure (Mayilswami et al. 2017). The
optional H&E staining as a last step provides correlation of
the FTIR and MALDI-MSI data with histological features.
Correctly, the authors conclude that their fast and non-inva-
sive multimodal workflow has great potential for the analysis
of model organisms in ecotoxicological research.
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