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Abstract
Background/Purpose: Localized scleroderma (LS) is a rare disease leading to progres-
sive hardening and induration of the skin and subcutaneous tissues. LS is responsive 
to UVA-1 phototherapy, though its exact mechanism of action dermal fibrosis is yet to 
be fully elucidated. We aimed to investigate the molecular changes induced by UVA-1 
rays in human primary fibroblasts cultures.
Methods: A total of 16 LS patients were treated with medium-dose UVA-1 photother-
apy. At baseline, during and after therapy, Localized Scleroderma Assessment Tool, 
Dermatology Life Quality Index and lesions' staging and mapping were performed 
along with high-frequency ultrasound (HFUS) examination for dermal thickness as-
sessment. Gene expression analysis for 23 mRNA transcripts, in vitro UVA-1 irradia-
tion and viability tests were realized on lesional fibroblasts' primary cultures, before 
and 3 months after therapy.
Results: The dermal thickness, the LoSCAT and the DLQI progressively decreased 
starting from the last phototherapy session up to the 6 and 9 month follow-ups (−57% 
and −60%, respectively). Molecular gene analysis (rt-PCR) revealed that UVA-1 pho-
totherapy exerts multiple effects: the activation of specific anti-fibrotic pathways 
(e.g., overexpression of CTHRC1 and metalloproteases 1, 2, 7, 8, 9, 12, suppression 
of TIMP-1), the downregulation of peculiar pro-fibrotic pathways (e.g., downregula-
tion of TGF-ß, TGF-ßrII, Grb2, SMAD 2/3, TNRSF12A, CTGF) through a significant over-
expression of IL-1ß; the stabilization of collagen synthesis acting on genes COL1A1, 
COL3A1, COL8A1, COL10A1, COL12A1.
Conclusion: UVA-1 phototherapy adds significant benefits in local tissue remodeling, 
rebalancing the alteration between pro-fibrotic and anti-fibrotic pathways; these 
changes can be well monitored by HFUS.

K E Y W O R D S
high-frequency ultrasound, in vitro UVA-1 irradiation, localized scleroderma, primary fibroblast 
cultures, UVA-1 phototherapy
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1  |  INTRODUC TION

Localized Scleroderma (LS) in its patchy or plaque form, also known 
as morphea, is a rare autoimmune disease characterized by an inflam-
matory process causing a progressive sclerosis of the dermis, with 
consequent involvement of the epidermis and the subcutis (i.e., deep 
morphea).1–5 The exact pathogenetic mechanism is extremely complex 
and not yet fully elucidated. The most accepted hypothesis is that a 
local trauma can hyper-activate dermal fibroblasts (i.e., “fibrotic loop”) 
causing exuberant collagen and extracellular matrix (ECM) deposition. 
To date, the main body of evidence derives from in vivo and in vitro 
studies carried out either on mouse models (i.e., bleomycin-induced 
fibrosis) or on systemic scleroderma (SSc) human fibroblasts: how-
ever, SSc is actually a distinct disease from LS, being characterized 
by the involvement of vascular endothelium.6–15 Moreover, a specific 
molecular characterization at tissue level still lacks.6–8 LS therapy in 
the acute phase essentially relies on topical and/or systemic adminis-
tration of corticosteroids, being UVA-1 phototherapy recommended 
as an adjuvant treatment in the early subacute phase and then as a 
maintenance treatment in the following months.1–5 Nevertheless, the 
exact modification in cytokine pathways at tissue level were never 
investigated in human lesional specimens after UVA-1 irradiation.

We aimed to realize, for the first time, a clinical, functional and ul-
trasonographic characterization of patients with LS, combined with 
the molecular examination of lesional tissue changes (i.e., human LS 
fibroblasts) after in vivo and in vitro UVA-1 irradiation.

2  |  MATERIAL S AND METHODS

The study was carried out in the Dermatology Unit, Skin Bank and 
Skin Cultures Laboratory of Siena University Hospital (Italy) and was 
realized in accordance with the Declaration of Helsinki and approved 
by the local ethical committee. All data were de-identified before 
use.

2.1  |  Case study

A total of 16 patients with clinical and laboratory suspicion of LS 
were recruited from October 2016 to January 2020. Inclusion crite-
ria were: age > 16 years, eligibility for whole-body UVA-1 photother-
apy (i.e., phototype between I, II or III; no history of skin cancer). The 
timeline for examinations included 7 consecutive moments (t): base-
line (t0), last irradiation session (t1), 2-weeks after t1 (t2), 1 month 
after t1 (t3), 2 months after t1 (t4), 3 months after t1 (t5), 6 months 
after t1 (t6), 9 months after t1 (t7). At baseline, a 4-mm punch biopsy 
was performed for histopathologic analysis.

2.2  |  Clinical monitoring

At baseline a specific body map was created for each patient and up-
dated through t0-t7 visits, recording the localization, the dimension 

and the stage of each patch. Lesion staging was based on 7 phases 
according to literature consensus:1–4 erythematous, inflamma-
tory, early sclerotic, sclerotic, sclero-atrophic, atrophic and of dyspig-
mented morphology (Figure 1). During t0-t7 examinations, the index 
Localized Scleroderma Assessment Tool (LoSCAT),16–18 the normal 
modified Rodnan Skin Score (mRSS) and Dermatology Life Quality 
Index (DLQI) scores were assessed. For LoSACT and mRSS, skin 
pinching with thumb and index -aimed to extend up the skin to its 
maximum- was performed by the same physician over the selected 
lesion.19 A lesion was defined cleared based on the combination of 
clinical appearance (i.e., reduction in lesion size, improvement in 
pigmentation, fading signs of inflammation) and palpation (i.e., skin 
softening and ultrasound assessment (reduction of skin thickness). 
When assessing the LoSCAT index, the degree of skin tanning in-
duced by whole-body UVA-1 phototherapy was recorded and dif-
ferentiated from post-inflammatory dyspigmentation.1–3,19

2.3  |  Ultrasound examination

High-frequency ultrasound (HFUS) was performed with MyLab™ 
Twice Esaote biomedica®, 22 MHz linear probe, at t0, t3, t5 and t7: 
the thickness of dermis and hypodermis was assessed at five points 
(lesion-center, intermediate, periphery, perilesional healthy, con-
tralateral healthy) and repeated for a total of four selected lesions 
in each patient (Figure 2). Additionally, the 13–17 MHz probe was 
used in order to exclude the possibility of fascial and/or hypodermal 
involvement. At baseline, measurements of healthy dermis thickness 
were also realized at five anatomic reference points to ensure fur-
ther normalization of data per patient,5 (i.e.: axillary hollow; poste-
rior arm, 10 cm over the elbow; anterior thigh, 10 cm over the knee; 
external forearm, 10 cm below the elbow; back of the hand, 3 cm 
below the wrist).

2.4  |  UVA-1 phototherapy

A whole-body irradiation was performed with GP24H medical bed, 
Cosmedico®, Medizintechnik. A medium-dose protocol was em-
ployed in all patients, i.e.: 36 consecutive sessions of 60 J/cm2, 3 to 
4 times per week.3–5 Skin was prepared in patients with phototype 
II with three preliminary sessions of low dose UVA-1 (i.e., 30 J/cm2) 
every 48 h. During phototherapy, patients were recommended to 
wear a pair of protective tanning eyewears.

2.5  |  Human fibroblasts cultures

At t0 and t5, a 6-mm punch biopsy was obtained in each patient 
from the active sclerotic part of a LS patch (of early sclerotic or scle-
rotic stages or, in three cases, sclero-atrophic): tissue samples were 
minced into small pieces and incubated in DMEM supplemented 
with 10% FBS, 5 mM Penicillin/Streptomycin, 2 mM L-Glutamine 
(Euroclone) in a 5% CO2 incubator at 37°C, then were differently 
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    |  533TOGNETTI et al.

processed according to subsequent tests (i.e., molecular analysis or 
in vitro irradiation). The lower passage number (P0-P4) was used 
for experiments to avoid changes in phenotype and gene expres-
sion. For each cluster, control fibroblasts obtained from healthy 
tissue (6 mm punch biopsy) of patients undergoing dermo-surgery 
(i.e., large rhomboid skin excision for an atypical nevus with 1.5/2-
cm wide margins) matched for age, sex and body site. Finally, cells 
undergoing banking were cryopreserved at −80°C in liquid nitrogen 
in Siena Skin Bank.21,22

2.6  |  In vitro UVA-1 irradiation, cell culture 
imaging and viability assay

Cells clusters (either lesional and healthy) destinated to in vitro 
UVA-1 irradiation were seeded with 1.5 μl phosphate buffer saline 
(PBS) in order to avoid any possible interference of the UVA-1 rays 
with the phenolic pigment of culture medium.5,20 Cell cultures were 
monitored with Nikon ECLIPSE Ts2 invertoscope, every 7 days dur-
ing P0-P4 expansion; before and after UVA-1 in vitro irradiation, at 
t0 and t5, When cells were semi-confluent (~650,000 cells/petri 
dish 3.5 cm), in vitro UVA-1 irradiation was administered over fibro-
blasts by using a Solar Simulator paired with a 150 W Xenon Lamp 

(Thermo-oriel®), customized with an air mass filter + bandpass lens 
(335–610 nm) to emit 340–400 nm.5 A standard distance of 1.5 cm 
between the lens and the cell monolayer was maintained during all 
experiments. Fibroblasts were split into four groups that were ad-
ministered different UVA-1 doses Viability was estimated as optical 
density of formazan pigment at 570 nm (ThermoScientific-Evolution 
60®) as previously described,20,21 before UVA-1 irradiation and 
after 24, 48 and 72 h. (Table 1) The same experiments were repeated 
over healthy fibroblasts.

2.7  |  Molecular analysis

Cells clusters destinated to molecular analysis were collected with 
1 ml of Trifast (Ambion) for the subsequent RNA extraction, accord-
ing to the manufacturer's instructions. Extracted RNA concentration 
was assessed by Nanodrop Spectrometer (Thermo Fisher Scientific, 
Delaware) and its integrity evaluated by electrophoretic ran on 
agarose gel (FlashGel System – Lonza Group): 300NG of RNA was 
retro-transcribed into cDNA with the iScript™ cDNA Synthesis kit 
(Bio-Rad Laboratories). Expression levels of analyzed genes (Table 2) 
were determined by qRT-PCR on iQ™5 Multicolor Real-Time PCR 
Detection system using the SsoAdvanced™ Universal SYBR® Green 

F I G U R E  1  Example of the body mapping scheme that was filled for each patient during every evaluation time of the study (t0-t7) (A). The 
position and the stage for each morphea lesion was indicated among 7 stages (i.e., erythematous (E), inflammatory (I), early sclerotic (ES), 
sclerotic (S), sclero-atrophic (SC), atrophic (A) and dyspigmented (D); exemplificative images at different body sites took from 7 different 
patient enrolled in the study (B)
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534  |    TOGNETTI et al.

Supermix (Bio-Rad Laboratories). All specific primers were specifi-
cally designed for the present study with Primer_BLAST software 
(Available at: https://blast.ncbi.nlm.nih.gov). The selected reference 
gene encoding for ß-actin was used to normalize Ct values. The test 
was repeated for three specimens for each of the 16 patients har-
vested before and after UVA-1 plus 16 healthy controls, for a total of 
80 specimens and the average results was considered.

2.8  |  Statistical analysis

Descriptive statistics, including frequency count, mean, standard de-
viation (quantitative variables) and percentage (qualitative variables) 
were computed. The t test and one-way analysis were used to com-
pare groups when distributions were normal, Bonferroni’s post hoc 
test was employed for pairwise comparisons. Relative quantification 

F I G U R E  2  Ultrasound imaging 22 Mhz in a 65-year-old patient with plaque LS: examination at 5 points of an inflammatory patch of the 
abdomen (E = epidermis, D = dermis, H = hypodermis)

Irradiation 
dose

MTT test timing
Irradiation 
time0 h 24 h 48 h 72 h

0.1 J/cm2 0.115 ± 0.08 0.11 ± 0.05 0.091 ± 0.04 0.083 ± 0.03 10 s

0.5 J/cm2 0.114 ± 0.06 0.10 ± 0.05 0.099 ± 0.03 0.081 ± 0.02 1 min

1 J/cm2 0.113 ± 0.07 0.097 ± 0.04 0.085 ± 0.03 0.079 ± 0.02 2 min

5 J/cm2 0.112 ± 0.05 0.092 ± 0.03 0.084 ± 0.02 0.075 ± 0.02 10 min

10 J/cm2 0.116 ± 0.06 0.087 ± 0.03 0.079 ± 0.01 0.072 ± 0.01 20 min

TA B L E  1  Results (average values 
and standard deviation) obtained from 
all lesional fibroblasts populations (16 
morphea patients) with the viability test, 
i.e., MTT metabolic assay (tetrazolium 
salts [3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide]), before and 
after in vitro UVA-1 irradiation, realized 
with 4 different doses with increasing 
irradiation times
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    |  535TOGNETTI et al.

of mRNA was measured by using the 2−∆∆CT method. A p < .05 value 
was considered significant.

3  |  RESULTS

3.1  |  Case study

Patients diagnosed with LS were aged between 16 and 70 years 
(55 years on average), 6 males and 10 females. We assessed a pho-
totype II in 8 patients, III in 7 patients and I in one patient. Body 
mass index was 24.9 on average (range 23–27). LS Lesions started 
to develop about 2–2.5 months on average before patients' enrol-
ment (range 0.3–4 months). In five cases, an acute intense compres-
sion trauma preceded lesion development. A positive history for 
repetitive skin microtraumatism was assessed in all patients and was 
due to either body overweight - i.e., friction at skin folds (7 cases) or 
compressive clothes (2 cases). Concomitant autoimmune conditions 
included: mild hypertension (6), type II diabetes (5), atopic dermatitis 
(4), metabolic syndrome (3), osteoporosis (3), lower leg venous insuf-
ficiency (4), genital lichen ruber planus (2), genital lichen sclerosus (1).

3.2  |  Clinical monitoring

According to the clinical stage, 21% of patches were defined as ery-
thematous at baseline, 19% as inflammatory, 15% as early sclerotic, 

16% as sclerotic patches, 17% as sclero-atrophic, 9% as atrophic 
patches, 3% as dyspigmented. At baseline, average LoSCAT was 33.4 
(range 10–77) and did not show substantial modification at t2 (2-
weeks after t1/last irradiation) and t3 (1 month after t1). Of note, 
LoSCAT started to significantly decrease form t4 (i.e., 25.3 range 9–
51), reaching 19.5 (range 7–38) at t5 (3 months after t1), 11.9 (range 
5–25) at t6 (6 months after t1) and 9.3 (range 2–20) at t7 (9 months 
after t1). The mRSSS was 8 on average (range 4–10) at t0 and 2.4 
on average (range 1–4) at t6, without a specific decrease. The DLQI 
was 4.6 on average (range 0–11) at t0, 0.8 at t6 (range 0–2). Based 
on the skin pinching test, a progressive increase in skin elasticity was 
appreciated at palpation starting from t4. The plicability reached its 
maximum (i.e., “possibility to pinch the lesional skin with two fingers 
reaching at least a 2 cm extension”)19 at t6 in the 60% of cases and 
at t5 (Figure 3F) in 30% of cases and maintained at t9 in almost all 
cases. At t7, 95% of lesions were defined cleared based on combined 
clinical and ultrasonographic examinations: of them, 73% showed 
post-UVA-1 pigmentation.

3.3  |  Ultrasound examination

Considering average values of dermal thickness took in the active 
part of the patches (average among lesion-center, intermediate, 
periphery points), we had a progressive dermal thickness decrease 
from baseline (t0) of −20% at t1, −40% at t5, −57% at t6 and −60% at 
t7 in all patients. The values took after phototherapy were very close 

TA B L E  2  List of 21 selected genes encoding for signaling protein, determined by qRT-PCR, involved in pro or anti-fibrotic pathways

Gene Protein Function

TGF-β1 Transforming growth factor β isoform 1 Prevalent isoform in the inflammatory phase

TGF-β2 Transforming growth factor β isoform 2 Prevalent isoform in lymphocytic inflammatory infiltrate

TGF-β3 Transforming growth factor β isoform 3 Prevalent isoform in lymphocytic inflammatory infiltrate

TGF-βRII TGF-beta receptor type 2 Membrane-bound receptor subunit for the TGF

Grb2 Growth factor receptor-bound protein 2 Member of TGF-β signaling pathway

SMAD2 Small mothers against decapentaplegic 2 Member of TGF-β signaling pathway

TNFRSF12A Tumor necrosis factor receptor superfamily member 12A Responsible for cytokines increasing and fibroblasts proliferation

CTGF Connective tissue growth factor Transcription factor responsible of collagen synthesis

COL1A1 Collagen Type I Alpha 1 Chain Thick fibers organization. Tensile strength

COL3A1 Collagen Type III Alpha 1 Chain Thin fibers organization. Support function

COL8A1 Collagen Type VIII Alpha 1 Chain Responsible for structures integrity facilitating cell migration

COL10A1 Collagen Type X Alpha 1 Chain Interactions with collagen I

COL12A1 Collagen Type XII Alpha 1 Chain Interactions with collagen I

IL1-β Interleukin 1 beta Pro-inflammatory. High tissue expression after post-radiotherapy

CTHRC1 Collagen triple helix repeat containing 1 Negative regulator of collagen deposition (inhibition of Smad2-
TGF-β activation) and collagen molecule cutting

TIMP1 Tissue inhibitors of metalloproteases Endogenous inhibitors of matrix metalloproteases

MMP1 Matrix metalloproteases 1 Collagenase able to digest collagen I, II, III, VII, X

MMP8 Matrix metalloproteases 8 Collagenase able to digest collagen I, II, III

MMP7 Matrix metalloproteases 7 Stromelysin able to digest fibronectin, laminin, collagen IV

MMP9 Matrix metalloproteases 9 Gelatinase able to digest gelatin, collagen III, IV e V fragment

MMP12 Matrix metalloproteases 12 Elastase able to digest elastin and aggrecan
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536  |    TOGNETTI et al.

or slightly superior to that assessed at contralateral healthy sites. 
(Figure 3). Considering the clinical stage, the reduction of the dermal 
thickness from t0 to t9 was significant for early sclerotic (−70%) and 
sclerotic (−72%) patches, followed by inflammatory patches (−67%) 
and erythematous patches (−60%). As expected, the variation in av-
erage thickness from baseline to t7 was lower for sclero-atrophic 

(−48%) and for atrophic patches (−37%), while was not significant or 
undetectable for dyspigmented patches. Taking into account the body 
location of all patches, the average dermal thickness in the center 
of a LS patch at t0 were: 0.9 (range 0.6-1.5) on the abdomen, 1.2 
(range 0.8-1.6) on the trunk; 1.15 (range 0.8-1.7) on the thigh; 1.1 
(range 1–1.2) on the arm. At t7, these values were reduced to 0.6 on 

F I G U R E  3  Clinical appearance of 
a sclerotic localized scleroderma (LS) 
patches of the lumbar-gluteal area and of 
the posterior leg in a 57-year-old female, 
and corresponding high-frequency 
ultrasound (HFUS) 22 MhZ estimation 
of dermal thickness in the center of the 
lesion (A,B); the same lesions examined 
at t5 (C,D). Clinical appearance of an 
inflammatory LS patch of the back in a 
16-year-old male, and corresponding 
HFUS performed at t0 (E) and t5 (F), when 
the skin has retrieved its plicability as 
demonstrated by the skin pinching test, 
reaching an extension up to 2 cm (F)
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    |  537TOGNETTI et al.

the abdomen, 0.9 on the trunk, 0.9 on the tight and 0.7 on the arm, 
on average.

3.4  |  In vitro UVA-1 irradiation

The reduction of cell viability values after UVA-1 in vitro irradiation 
on lesional fibroblasts was consistent with the physiological decay 
in viability observed in petri dishes fibroblasts population after 24, 
48, 72 h without medium replacement (Table 1). Morphologically, le-
sional fibroblasts did not show significant alteration in morphology, 
grown and average length (with longitudinal and transverse diam-
eter of 500 and 50 nm on average, respectively).

3.5  |  Molecular analysis

Figure 4 reports the variations in mRNA expression levels after pho-
totherapy and compared with healthy fibroblasts, of 12 genes out 
of the 21 analyzed (Table  2), namely: increase of IL-1β and reduc-
tion of TGF-β1, GRB2, SMAD2 and TNFRSF12A, as a downregulation 
of the same pro-fibrotic pathways; four genes involved in the anti-
fibrotic pathway (i.e., CTHRC1, TIMP1, MMP-1, -7, -8, -12. Regarding 
the other nine genes of the pro-fibrotic pathways, we observed that: 
CTGF and TGF-βRII decreased after therapy, but not significantly; the 
other collagen genes COL3A1, COL8A1, COL10A1 and COL12A1 did 
not show significant variations after phototherapy and compared 
with healthy controls; of converse, the TGF-β2 and TGF-β3 isoforms 

F I G U R E  4  The relative expression of mRNA levels of 12 out of the 21 genes analyzed in the study, involved in pro- and anti-fibrotic 
pathway fibrotic pathways, according to qRT-PCR analysis; average values derived from patients belonging to the three subgroups 
are compared: lesional fibroblasts from selected a localized scleroderma (LS) lesion in harvested before phototherapy in 16 patients 
(Pre); lesional fibroblasts from the same cleared lesions harvested after phototherapy (Post); control group of healthy fibroblasts of 16 
healthy patients (Ctrl). The relative gene expressions normalized to Act-β reference gene are shown. Bars represent mean ± Sd. Relative 
quantification of mRNA was measured by using the 2−∆∆CT method. For each patient/control, tests were repeated at least for three clusters 
of fibroblasts cultures (having a total of 80 specimens and assuming the average results among the three values)
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538  |    TOGNETTI et al.

and the MMP-9 were slightly increased after therapy, probably as a 
result of a compensatory feedback.

4  |  DISCUSSION

Localized scleroderma is still poorly studied at both epidemiological 
and laboratory levels, especially when compared with SSc. Actually, 
many patients receive late diagnosis or wrong management, ex-
hibit long-term corticosteroid side effects or develop functional-
aesthetical disabilities impacting life quality.1–5,23–26 Nevertheless, it 
can be clinically difficult both to determine whether LS lesions are 
active, to define their peculiar stage and to assess the presence of 
subcutaneous damage.1–4,19 Thus, a combined evaluation of LS pa-
tients based on validated clinical checklists16–18 and on instrumen-
tal measurements27–32 is of paramount importance to provide the 
proper therapy at earliest.

In this study, we decided to use the recently developed LoSCAT 
clinical tool, which was only applied twice in the clinical setting: in 
children33 to follow the response to corticosteroid and in adults to 
estimate disease activity at baseline.34 We found a correlation be-
tween the LoSCAT value and clinical response and between LoSCAT 
and dermal thickness. Moreover, the DLQI decreased proportion-
ally to the LoSCAT at follow-up times t2-t7. On the other hand, the 
“old” mRSSS developed for SSc was not as sensitive in distinguishing 
clinical changes -especially at t2, t3 and t4- giving a poorly detailed 
estimation of the disease activity.35 However, it should be stressed 
that, from t2 on, physicians should be able to differentiate UVA-1 
induced pigmentation from post-inflammatory pigmentation when 
assessing the LoSCAT.36

Skin ultrasound has received increasing attention for LS monitor-
ing, in the last decades,27–32 first with low-frequency US (6–8 mHz),27 
then with medium frequency-MFUS (9–15 mHz)29 and recently with 
high-frequency-HFUS (>20 mHz).5,27–29,37 The available data on pa-
tients with LS30–32,36,37 and with SSc-LS association forms24 point 
toward a greater sensitivity of HFUS in obtaining highly defined 
images. However, these ultrasonographic examinations were per-
formed only at lesional sites (without contralateral examination) and 
with a unique thickness assessment (instead of multiple assessment) 
more commonly in patients already treated with systemic immuno-
suppressive therapy,27,31 than in naïve patients.29 Here in this study, 
using the 22 MHz probe allowed us to obtain a detailed visualization 
and measurement of the dermal band with high resolution, while the 
13–15 Mhz probe excluded a deeper fibrotic involvement. Globally, 
we observed that: (a) according to HFUS, the reduction of dermal 
thickness starts, 1 month after last session, while clinically it is con-
ventionally assessed 3 months after last phototherapy session; (b) 
the level of hyper-echogenicity of the dermal band was greater in 
the sclerotic phase, followed by early sclerotic and the inflammatory; 
(c) the definition of the border of the sclerotic band appeared to cor-
relate with the stage of the lesion, that is: poorly definable in ery-
thematous, inflammatory and then dyspigmented patches, clear cut in 
sclerotic and then early sclerotic patches; (d) the combination of this 

new HFUS protocol with the clinical mapping scheme here proposed 
allowed us to carefully classify the disease stage of each patch and to 
follow precisely their evolution under phototherapy. These findings 
are otherwise in line with the recent UFUS studies on LS.29,31,36

Our experiments showed that in vitro UVA-1 irradiation per-
formed with crescent doses and progressively longer irradiation 
times (range 10  s–20  min) does not affect the viability of lesional 
fibroblasts cultures (Table  1): these findings are in line with the 
behavior of lesional primary fibroblasts irradiated with UVA-1 
rays5,11–13,24–26 and support the current consensus on the overall 
safety of the UVA-1 phototherapic approach.3–5

In view of the complexity of the immunopathological mech-
anism underlying the scleroderma lesion, we chose to perform a 
direct gene expression assessed by RT-PCR, rather than a func-
tional analysis, to investigate the main markers of fibrosis and 
anti-fibrotic pathways. Indeed, gene expression analysis makes it 
possible to estimate the metabolic activity of lesional fibroblasts 
in a given moment, as demonstrated by recent gene profiling and 
“transcriptomics” studies.38–40 Globally, the findings here obtained 
from molecular assay suggest that UVA-1 rays exert pleiotropic 
effects on lesional tissue and that lesional fibroblasts exhibit a fi-
brotic phenotype at baseline, then normalized by UVA-1 irradia-
tion. In particular, we observed that UVA-1 rays were able to induce 
both upregulation and downregulation of anti- and pro-fibrotic 
pathways, respectively. To the best of our knowledge, this is the 
first report that specifically characterizes how TGF-β isoforms are 
modified by UVA-1 rays.13,14 Indeed, TGF-β1 expression appeared 
reduced in UVA-1 irradiated fibroblasts, while TGF-β2 and TGF-β3 
expression was essentially unmodified. Moreover, the exact mech-
anism underlying a reduced TGF-β expression was never elucidated. 
Our results led to hypothesize that TGF-β1 downregulation could 
exert a positive feedback on the synthesis of the IL-1β isoform, a 
high pro-inflammatory cytokine known to be UV-induced according 
to radiodermatitis models. This is also in line with previous obser-
vation on both healthy 14,42 and lesional fibroblasts.43 Furthermore, 
we can hypothesize that, in LS tissues exposed to the cumulative 
dose of 2160 J/cm2, a competition for transduction between TGF-β 
and IL-1β occurs, causing a reduction in TGF-β synthesis, and con-
sequently in TGF-βr2, Grb2, Smad2 and CTGF expression. Indeed, 
we observed that TGF-β1 is reduced by 58%, TGF-βrec2 by 66%, 
Grb2 by 30% and Smad2/3 by 40% after UVA-1 treatment. In ad-
dition, the finding of a decreased expression of Smad2 gene in 
UVA-1 treated lesional fibroblasts along with its normal expression 
in healthy irradiated fibroblasts, is new and in line with previous 
experience on human models suggesting a reduction in Smad3 and 
7.11 Regarding the TNFRSF12A gene, coding for the rapid expres-
sion of growth factor-inducible immediate-early response protein 
14, was found to decrease weakly after UVA-1 therapy. This re-
ceptor, recently regarded as key molecule in fibrotic pathways in 
various organs (i.e., hepatic cirrhosis),44 has been also found over-
expressed in SSc models: it appears to be directly involved in col-
lagen synthesis through the activation of IKK, transcription of the 
nuclear factor Nf-KB and direct induction of CTGF. Then, a reduced 
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synthesis and cytoplasmic expression of TNFRSF12A would result 
in decreased signaling from this pathway. Concerning the effect of 
UVA-1 on the different collagen subtypes, we found that the lev-
els of COL1A1 were significantly overexpressed after UVA-1, while 
COL3A1, COL8A1, COL10A1 and COL12A1 expression showed no to 
slight increase. These findings are in line with other studies, which 
variously report: in advanced sclerotic lesions, unchanged colla-
gen I and III levels;40,41 in lesions consecutively irradiated for 2 or 
3 times, an increase in collagen levels until reaching a plateau.25 
These data globally suggest that the neo-collagen deposition and 
tissue remodeling driven by UVA-1 phototherapy is essentially lim-
ited to type I collagen, at least in a first phase, being the COL1A1 
gene responsible for thick fibers organization and tensile strength. 
On the other hand, we found a relevant increase in CTHRC1 expres-
sion after therapy: beside being responsible for collagen cutting 
and remodeling protein, this gene was recently demonstrated to 
have an inhibitory activity on neo-collagen deposition (further in-
hibiting the activation of Smad2).9,45 These data would suggest that 
UVA-1 medium-dose therapy would stimulate ECM remodeling and 
neo-collagen synthesis, especially type 1.9

As for MMPs, all the analyzed molecules resulted overexpressed 
after UVA-1 therapy, in a dose-dependent increased expression.13,15,46 
This, in our opinion, is likely to be mediated by both the downregula-
tion of the TIMP-1 (the natural tissue inhibitor of MMPs) and the pres-
ence of high levels of IL-1β able to activate the MMPs.13,25,46

Taken together, these preliminary in vivo and in vitro findings 
suggest that: (a) LoSCAT index is more precise compared to mRSS to 
estimate disease activity in LS patients; (b) UFUS can be regarded as a 
reliable tool to monitor dermal thickness variation in different phases 
of the disease and to estimate the response to treatment; (c) com-
bining a newly proposed scheme for clinical mapping with LoSCAT 
tool and a dedicated HFUS mapping scheme would allow physicians 
to correctly stage the LS patches at baseline, to monitor the evolution 
under therapy, and to follow-up patients in time; (d) UVA-1 photother-
apy with medium does exerts multiple effects on LS lesions, including 
inhibition of tissue fibrotic pathways and enhancement of collagen di-
gestion and remodeling, without affecting fibroblasts viability.

To date, to the best of our knowledge, no study has attempted 
to combine together clinically, ultrasound and molecular labora-
tory data from a homogeneous population of patients with LS and 
different skin phototypes, not undergoing corticosteroid/immu-
nosuppressive therapy, and investigate their response to UVA-1 
phototherapy with human cell cultures.

Further studies are needed to confirm the present findings, and 
give new insight at both molecular and clinical level, i.e.: to further char-
acterize the pleiotropic actions of IL-1β cytokine stimulated by UVA-1 
rays, including the effect on dendritic plasmacytoid cells and on Treg 
normalization,26,47 and to develop a specific standardized assessment 
tool for phototherapy-treated patient (e.g., modified LoSCAT) able to 
differentiate pathological pigmentation from UVA-1 induced tanning.37
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