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Abstract \
Solid tumors typically contain high levels of fibrillar collagen. The increased stromal collagen deposition usually promotes cancer |
progression since biochemical and biophysical cues from tumor-associated collagen fibers stimulate neoplastic cells. Few studies
have investigated the relationship between Merkel cell carcinoma (MCC) and the extracellular matrix (ECM), but there are no works
evaluating collagen.

This is an observational, analytical, retrospective study including 11 patients with MCC. Primary tumor-stained sections were
evaluated by second harmonic generation microscopy and texture analysis.

Peritumoral texture features (area fraction, mean gray value, entropy, and contrast) showed much lower values than normal skin
(P<.0001) revealing extensively altered structure of peritumoral collagen fibers. These differences were not significant between
tumors with unfavorable and favorable known prognostic factors.

Profound changes in collagen fibers present in the stroma accompanying primary MCC may contribute to the aggressive behavior
of this tumor. Our results indicate that whatever MCC histological subtype, size or anatomical location, MCC promotes the same type
of ECM for its development. As an outlook, therapies using ECM macromolecules or fibroblasts (the architects of ECM remodeling) as
target could be useful in the treatment of MCC.

Abbreviations: ECM = extracellular matrix, MCC = Merkel cell carcinoma, MCPyV = Merkel cell polyomavirus, ROIls = regions of
interest, SHG = second harmonic generation.
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1. Introduction

Merkel cell carcinoma (MCC) is a primary cutaneous neuroen-
docrine tumor induced by Merkel cell polyomavirus (MCPyV)
infection and/or chronic ultraviolet radiation. The origin seems to
be the Merkel cell, capable of differentiating into neuroendocrine
and epithelial lineages.!"! MCC is more frequent in the elderly and
in patients with immunosuppression and hematologic malignan-
cies.!?! Histologically, there are 3 types of MCC: trabecular,
intermediate (the most common), and small cell, but this has no
clinical relevance!®3! (Fig. 1). MCC is an aggressive tumor: the
S-year survival rate ranges between 13% and 63%. The
prognosis mainly depends on the stage at diagnosis. Primary
tumors larger than 2cm and/or locoregional/distant metastases
are unfavorable prognostic factors. In addition, male gender,
immunosuppression, infiltrative growth pattern, and lymphatic
invasion are associated with reduced patient survival. Locore-
gional metastases are present in almost 35% of patients at
diagnosis.**! MCCs infected with MCPyV tend to have a better
prognosis, but this is debatable.”! The search for new
therapeutic modalities, such as targeted molecular therapy, has
been carried out,’® but no biomarker has been shown to be
effective, either as a prognostic factor or as a therapeutic target.

It is known that cancer progression is influenced by the cross-
talk between cancer cells and the extracellular matrix (ECM).!
Knowing the properties of the ECM may open the way for the
identification of possible antineoplastic targets. Solid tumor-
associated ECM usually contains high levels of fibrillar collagen,


https://orcid.org/0000-0003-07836671
https://orcid.org/0000-0003-07836671
mailto:marialet@fcm.unicamp.br
http://dx.doi.org/10.1097/MD.0000000000027925

Laurito et al. Medicine (2021) 100:47

Medicine

CTaNRA

Ha T L1 3
Figure 1. Merkel cell carcinoma: conventional optical microscopy (H&E). A (40x): transition between the tumor and adjacent normal dermis. The same field is
observed in B (100x) and C (400x) where infiltrative growth pattern is evidenced. D (400 x): transition between the same tumor and the underlying hypodermis.
H&E = hematoxylin and eosin.

R i

< \ 1B .

especially collagen types I and III, and increased collagen
deposition in the tumor stroma can promote cancer progres-
sion."%1!! This is because collagen or even collagen degradation
products generated by the action of metalloproteinases bind to
neoplastic cell receptors and trigger multiple pathways involved
in the stimulation of cell growth, motility, and inhibition of
apoptosis.!'?! Furthermore, ECM rigidity in solid tumors is
largely mediated by collagen organization. Increased enzymatic
crosslinking of collagen fibers, especially by lysyl oxidases, and
lysyl hydroxylases, leads to a more rigid matrix. This mechanical
property can induce the epithelial-mesenchymal transition,
stimulating the migratory cell behavior.""3! Therefore, biochemi-
cal and biophysical cues from altered collagen fibers, associated
with enlarged tumors, generally favor the progression of
neoplastic cells in solid tumors.

Given the above, the aim of this study was to evaluate the
collagen fibers in the stroma that accompany the MCC, using
second harmonic generation (SHG) microscopy and texture
analysis. In the last decade, SHG microscopy has become a
powerful and widely used tool for evaluating collagen fibers in
solid tumors, aiming to understand the pathological development
and improve the prognostic classification."*”! SHG microscopy
is unique because it can highlight some types of fibrillar collagen
in biological tissues. After acquiring the SHG image, multiple
quantitative data can be performed with each image to assess
collagen fibers. We aimed to study the collagen fibers in the MCC,

through texture analysis, a simple, well-established and non-
subjective method,™® comparing the results with histological and
epidemiological data. The results of this work can be useful in the
management of these patients.

2. Materials and methods

We included patients of both genders, of any age, with primary
tumors surgically removed from any region of the skin and
followed up at our Institutional Hospital. The diagnosis of MCC
was based on histological examination, immunohistochemical
staining for CK20 and at least two neuroendocrine markers, as
well as pertinent negative epitopes, to exclude the possibility of a
melanocytic, lymphoid, or metastatic nature. The following data
were collected: patient sex and age, immunesuppression, primary
tumor location, tumor size, and metastatic status. Patients with
previously treated primary or recurrent tumors were excluded.

On conventional optical microscopy, the following data were
collected: histological type of tumor, growth pattern and
lymphatic invasion. One paraffin block was selected per case,
containing tumor and adjacent normal skin, and 5-pm thick
sections were stained with hematoxylin and eosin. In all cases, 2
areas were studied in the reticular dermis: normal dermis and
peritumoral stroma. In each area, 2 representative x400 fields
were selected. Finally, 4 representative regions of interest (ROlIs:
42.5 x 42.5m) were chosen in each field (Fig. 2), totaling 8
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Figure 2. Merkel cell carcinoma: SHG microscopy. Normal dermis (A, 400x) and peritumoral stroma (C, 400x) of the same patient are observed by conventional
optical microscopy (H&E). Four representative regions of interest (42.5 x 42.5um) were selected before SHG microscopy. Confounding factors such as skin
annexes, muscle fibers, vascular structures, solar elastosis, tumoral cells, and necrotic areas were avoided. In B and D, the same fields are observed by SHG
microscopy and only the collagen fibers show up in red (random color). Note that the collagen fibers are rarefied and thin in the peritumoral stroma (D). Scale bar:

20 pm. H&E = hematoxylin and eosin, SHG = second harmonic generation.

ROIs per area (normal dermis and peritumoral stroma). Skin
adnexa, muscle fibers, vascular structures, solar elastosis, tumor
cells, and necrotic areas were avoided.

SHG images were obtained with an inverted microscope (Axio-
Observer Z1 LSM 780 - Zeiss, Oberkochen, Germany).
Histological sections were excited by a Ti: Sapphire laser (Mai
Tai - Spectra Physics, Santa Clara, CA) at 800nm and the SHG
signal was collected in the backward direction. SHG images
(212.55 x 212.55pm/1024 x 1024 pixels) were acquired
through a large magnification (40 x) oil immersion objective (EC
Plan Neofluar — Zeiss, Oberkochen, Germany).

We used Image] (NIH, Bethesda, MD), for image analysis. The
SHG images were converted into 256 gray levels. Collagen fibers
texture was blindly investigated through the analysis of ROIs
using first-order texture features (area fraction and mean gray
value) and second-order texture features (entropy and contrast).
Area fraction indicated the total area where the SHG signal was
present. Mean gray value provided the mean brightness of the
SHG signal, whose intensity depends on the diameter of the
collagen fiber."*! Entropy values are higher when the texture of
the image is less homogeneous, and various brightness levels were
present. Contrast values are higher when there is a great variation
in the brightness levels of the image.[*%*!!

Statistical procedures were blindly performed using Statistical
Analysis System for Windows 9.4 (SAS Institute, Cary, NC). All
texture features (area fraction, mean gray level, entropy, and
contrast) were compared between 2 groups. First, normal dermis
was compared with peritumoral stroma, using repeated measures
analysis of variance applied to rank-transformed data. Secondly,
only the peritumoral stroma was evaluated, and to that end,
tumors with unfavorable prognostic factors were compared with
tumors with favorable prognostic factors, using generalized
estimating equations. P-values <.05 were considered statistically
significant.

Ethics approval: the study proceeded after approval from the
Institutional Research Ethics Committee (CAAE: 69375817.
6.0000.5404).

3. Results

Nineteen patients were found, but only 11 met eligibility criteria.
The sample was composed of 8 women (73%) and 3 men (27%),
with a mean age of 72years (range 55— 85years). All patients
were immunocompetent. Tumors were located in the head/neck
region (N=35), upper limbs (N=2), and lower limbs (N=4).
Locoregional/distant metastases were present in 6 patients
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Comparative texture features values between normal dermis and peritumoral stroma.

Texture feature Mean Median SD Min/max P-value”
Area fraction (%)
Normal dermis 46.42 45.31 17.92 12.13-90.80 <.0001
Peritumoral stroma 12.38 7.50 14.10 0.48-64.61
Mean gray value
Normal dermis 3.57 2.26 3.87 0.18-25.24 <.0001
Peritumoral stroma 0.54 0.14 1.07 0.01-5.82
Entropy
Normal dermis 3.35 3.31 1.30 0.90-6.50 <.0001
Peritumoral stroma 0.97 0.62 0.98 0.06-4.33
Contrast
Normal dermis 51.45 23.35 74.29 0.50-394.20 <.0001
Peritumoral stroma 7.44 0.57 22.38 0.01-131.72

Any feature result obtained in 88 ROIs of 11 patients; area fraction: collagen density; mean gray value (collagen fibers diameter); entropy and contrast (measures heterogeneity of collagen distribution).
ANOVA = analysis of variance, Min/max=minimum/maximum values, ROIs =regions of interest, SD =standard deviation.

" Repeated measures ANOVA applied to rank-transformed data.

(54.5%) at diagnosis. Tumor size mean was 5.3 (range 2.2- 13.2
cm). Seven out 11 tumors (63.5%) showed infiltrative growth
pattern and 4 were nodular. Lymphatic invasion was found in 8/
11 (72.5%). We found significantly (P <.0001) lower values of
area fraction (minor normal collagen density), mean gray value
(minor collagen fibers diameter), entropy, and contrast (more
homogeneous collagen fibers) in the peritumoral stroma,
compared to normal dermis (repeated measures analysis of
variance applied to rank-transformed data) (Table 1). Figure 3
illustrates these last findings. No significant differences were

found when comparing the values of the density, fiber diameter,
and collagen texture features, regarding factors related to an
unfavorable prognosis (male gender, infiltrative growth pattern,
lymphatic invasion, and locoregional/distant metastases).

4. Discussion

Management of MCC has been improved through a growing
understanding of its pathogenesis. The study of peritumoral
collagen fibers could help in this regard, as it is known that
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Figure 3. Merkel cell carcinoma: graphic representations of texture features: data extracted from the second-harmonic generation images of normal dermis (N =
11/88 ROls) and peritumoral stroma (N = 11/88 ROIs). Very lower values in peritumoral stroma than the*rgg*rmal dermis for all the texture features [statistical test
(repeated measures ANOVA applied to rank-transformed data) shows marked significant differences (P <.0001)]. ANOVA = analysis of variance, ROIs =

regions of interest.
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biochemical and biophysical cues from altered collagen fibers,
associated with enlarged tumors, tend to favor the progression of
neoplastic cells in solid tumors. Few studies have investigated the
relationship between MCC and ECM macromolecules, such as
lectins, proteoglycans and tenascin,?>?3! but there are no studies
evaluating collagen, which is the main component of ECM. We
evaluated peritumoral collagen fibers using SHG microscopy and
texture analysis to understand better the pathological changes
that occur in MCCs. In vivo and ex vivo SHG images have
been applied for the morphological study of different skin
conditions.”>%! In paraffin sections, SHG signaling is not
significantly affected by staining. In this study, we used paraffin
sections stained with hematoxylin and eosin, as previously
reported,?®! to select representative ROIs containing only
stroma, prior to SHG microscopy (Fig. 2A, C). After the
acquisition of the SHG signal, the texture of the images was
analyzed. Although conventional light microscopy shows a clear
increase in collagen deposition in the peritumoral stroma
(Fig. 2C), SHG microscopy shows that collagen fibers are greatly
altered compared to normal dermis with fewer, thin, and more
homogeneous fibers of remnant collagen still emitting SHG (Figs.
2D and 3).

Four hypotheses (singly or combined) could explain these
findings. First, the collagen fibers may be enzymatically disrupted
since in vitro studies show that the SHG signal is lost after
collagen degeneration.””! According to this idea, fibrillar
collagen types I, II, and IIl are hydrolyzed mainly by metal-
loproteinases 1, 2, 8, 9, and 1328 and it has been shown that
some of these enzymes are variably expressed in MCC.!*’!
Secondly, the collagen fibers may be enzymatically cross-linked,
since in vitro studies suggest that an increase of collagen cross-
linking results in a decrease of the SHG signal.*®! Therefore, it
would also be very interesting to carry out studies to investigate
the expression profile of lysyl oxidases and lysyl hydroxylases in
MCC to evaluate the relevance of cross-linking to tumor
progression. Thirdly, the collagen fibers may be dissociated by
edema or myxoid changes, as seen around tumor nests in Fig. 2C,
since glycerol-induced fiber dissociation reduces the SHG signal
in animal models.®" Interestingly, myxoid ECM of various
human neoplastic tissues contains large amounts of glycosami-
noglycans, proteoglycans, fibronectin and tenascin-C, which can
also stimulate tumor progression.*?! Fourthly, there is an
increased amount of fibrillar collagen types III and/or V (or
other types of fibrillar collagen) since only fibrillar collagen types
I and II generate strong SHG signals.!*3! It is worth remembering
that fibrillar collagen type III is prominent at sites of healing and
repair in human skin®¥ and there are similarities between tumor-
associated stroma and wound healing.!>*!

Finally, we found no significant differences in any of the texture
features comparing tumors with prognostic factors considered to
be unfavorable with tumors with favorable prognostic factors.
This suggests that MCC consistently elicits similar collagen
remodeling mechanisms. In any case, all these possible alterations
of collagen fibers and ECM may contribute to the aggressive
behavior of MCC. Consequently, therapies using ECM macro-
molecules or fibroblasts (the architects of ECM remodeling) as
target?”! could be useful in the treatment of MCC.

The incidence of MCC is growing, but it still is a rare tumor.
The low number of patients is a limitation of this work, and these
are preliminary conclusions. Also, we do not assess MCPyV
status in our cases. More studies are needed to determine the
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precise biochemical modifications of collagen in the MCC
environment.
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