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Abstract: Systemic sclerosis (SSc) is a chronic inflammatory disease with an autoimmune substrate that affects the skin and a large
number of internal organs. The chronic inflammatory process is sustained by a wide range of cytokines and chemokines, which are
discharged by inflammatory cells, with fibrosis and nail bed vascular changes (disorganized vasculature architecture with micro-
hemorrhages, megacapillaries and areas without capillaries). Confocal microscopy contributes to the understanding of the molecular
mechanism involved in chronic inflammation and mainly targets the field of research. Coherent optical tomography, capillaroscopy,
and skin biopsy are useful for the differential diagnosis of SSc with other sclerodermoid syndromes. The immunological profile is a
classification criterion for SSc and directs the diagnosis to the two subsets of the disease. Multisystemic damage requires evaluation
with the help of a set of investigations specific to each affected organ, such as: diffusing capacity for carbon monoxide, forced vital
capacity, 6-minute walk test, high-resolution computed tomography standard and reduced sequential, cardiac ultrasound and right
cardiac catheterization. The current possibilities of diagnosis, treatment and monitoring are permanently adapting to new medical
discoveries.
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Introduction

Systemic sclerosis (SSc) is an autoimmune disease with an inflammatory substrate evolving into extensive multiorgan
fibrosis, with microvasculature changes that reflect the stage of the disease. Inflammation is maintained by the marked
expression of cytokines: interleukin (IL)-17A, IL-4, IL-25, transforming growth factor-f1 (TGF-B1). Recent research has
shown that the IL-9 molecule is deeply involved in the autoimmune pathogenic process in ScS and other autoimmune
diseases: psoriatic arthropathy, rheumatoid arthritis, and giant cell arthritis. The IL-9 molecule is secreted mainly by Th9
lymphocytes (Ly) and to a lesser extent by LyTh17. IL-9 appears to mediate cutaneous and visceral fibrosis in SSc.
LyTh9 maintain the inflammatory process and are activated by I1L-33, IL-25 and stromal thymic lymphopoietin (TSLP).
The analysis of the hardened skin also showed that the accumulated inflammatory cells, endothelial cells and fibroblasts
in the dermis, can be a source of IL-9. Confocal microscopy revealed excessive production of IL-9 in the skin of patients
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belonging to both subsets of ScS, limited and diffuse. IL-9 stimulates the infiltration with LyT, LyB and (through
competition with IL-17) maintains the inflammatory process by neutrophils accumulation.'-

A 2017 study by Sawamura et al revealed another cytokine’s involvement in SSc, namely 1L-22, which was found to
be overexpressed in the lymphocytes infiltrating the affected skin, but not in the patients’ serum (not being a useful
marker for disease activity, as opposed to IL-6, which is elevated in the blood of these patients). IL-22 overexpression in
lymphocytes leads to the accumulation of type I collagen in the dermis of SSc-suffering patients.**

The multiple systemic disturbances in SSc require a wide and complex range of imaging studies and laboratory
investigations.” This manuscript aims at evaluating SSc from the perspective of its immunological profile, microvessel
changes (with available techniques), confocal laser microscopy and coherent optical tomography evaluation, skin biopsy
results and other investigations specific to the organ damage that SSc inflicts, making use of established and updated
information.

Immunological Profile

High percentages of patients (90% to 95%) have an elevated serum antinuclear antibody (ANA) titer.” SSc-specific
autoantibodies are useful for diagnosis. The type of autoantibodies that are present indicates a certain subset of SSc and
foreshadows the risk of developing certain complications. Haustein appreciates good autoantibody predictability for
disease subsets and reveals their usefulness for early diagnosis. Anti-Scl70, ACA and anti-RNA polymerase III
antibodies have the highest specificity for SSc. Therefore, elevated autoantibody titers direct the therapeutic attitude
towards the type of impairment characteristic for each subset of SSc.*?

Anti-Scl70 (anti-topoisomerase I) antibodies are highly specific for diffuse SSc and the patient has a high risk of
developing interstitial pulmonary fibrosis;* the risk for renal dysfunction is equal to that found in other disease models.
These autoantibodies are present more frequently in Thai and Japanese people and to a lesser extent in African
Americans.’ Like anti-Scl 70 antibodies, high titers of RNA polymerase III are characteristic for diffuse SSc and
indicate a worse prognosis with a higher risk for internal organ damage and especially for scleroderma development.®'°

Compared to the diffuse SSc subset, ACA have specificity for limited SSc and CREST syndrome, and they also
indicate a better prognosis, higher survival rates, with a lower risk for impaired pulmonary and renal functions.” Jacobsen
noted that ACA are often present in patients with calcinosis, telangiectasia, and digital ulceration."'

Interstitial pulmonary fibrosis and decreased carbon monoxide diffusion capacity (DLCO) have been less observed in
patients with elevated ACA. Patients with elevated anti-Scl70 antibody titers were associated with pulmonary fibrosis,
digital joint deformities, and acroosteolysis, but calcinosis was less frequent in these cases.''

SSc-specific autoantibodies are not found in association.” The serological profile is positive in most patients, as noted
by several authors during their studies done on patient groups originating from European countries. Thus, Jacobsen
identified a ratio of 86% of patients with high ANA titers,'" and Fabri and Hunzelmann identified more than 90% of
patients with such antibody values.'”

Haustein recorded a percentage of 85% of patients with positive ANA, and, in dynamics, the percentage rose to 98%.°
While Haustein observed ANA positivity developing during the course of the disease,” other studies revealed that
autoantibody detection takes place many years before the onset of SSc.'”

Although some authors classify Ac anti-Scl70 as having a 100% specificity for diffuse SSc,” numerous studies have
found an atypical immune profile for this specific subset of SSc. As such, Steen identified high titers of anti-Scl70 Ac in
limited SSc and ACA in diffuse SSc."?

Research has also identified other serological abnormalities specific to SSc. Thus, antibodies anti-U3-RNP (fibrillarin)
targets 3 enzymes involved in the synthesis of ribosomal proteins; this suggests the presence of an intense process of skin
fibrosis and a low survival rate. These autoantibodies are associated with diffuse SSc; they indicate early disease onset,
the presence of telangiectasias, and an increased risk of progression to pulmonary arterial hypertension and to
sclerodermal renal crisis.’

SSc-specific autoantibodies may be accompanied by other autoantibodies - anti-PM/Scl, anti-PL7 (anti-threonyl-
tRNA synthetase), anti-Jol antibodies, anti-Ku antibodies and anti-U1-RNP antibodies (in the context of Overlap
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syndrome). Anti-Ro (SSA) antibodies present in 9% of SSc cases indicate a rapid and severe evolution of renal failure
and pulmonary arterial hypertension.’

Monfort et al highlight the fact that SSc is associated with the risk of developing neoplasms, especially when anti-
RNA polymerase III antibodies are elevated. As early as 2010, Monfort described the phenomena of paraneoplastic SSc
as being an association between SSc with negative ANA and the existence of a neoplasm. Paraneoplastic SSc has a
negative immune profile and a normal capillary appearance.'*'* Although autoantibodies characteristic of other
concomitant autoimmune diseases are not always present, they may occasionally be clinically associated with systemic
scleroderma. Some medications used for comorbidities or experimental/off label ones, such as statins, may have benefits
in lowering the level of cytokines involved in SS, this fact making the patient possibly subjected to potential known side

effects of these drugs.'>2°

Capillaroscopy

Peripheral microvasculopathy can be assessed qualitatively and quantitatively at nail bed level by using video capillaro-
scopy. This has the advantage of being a non-invasive investigation with high specificity and sensitivity, all at low
costs.”' The specific microvascular changes that take place in SSc (in early, active and late stages) are recognized and can
be used as a tool for disease monitoring.? Capillaroscopy establishes the differential diagnosis between the secondary
Raynaud’s phenomenon SSc and the primary Raynaud’s phenomenon.*

The normal videocapillaroscopic appearance is represented by parallel capillaries with the skin surface, lack of dilated
vessels and hemorrhages. The elderly and children may have atypical nail bed capillary appearance. It has been observed
that dilated capillary loops represent a normal aspect in the elderly, and the presence of inhomogeneous images and
varied capillary aspects in children are not representative of pathology. Several parameters are evaluated: dilations and
capillary ramifications, giant capillaries and capillary density.>

Characteristics of ScS are megacapillaries and areas without capillaries (Figure 1).'° The capillary appearance can
quantify the degree of microvascular damage from early to active and late.”* Dilated capillaries of giant capillaries and
microhemorrhages describe an early pattern of microangiopathy, and the active disease pattern is identified by dis-
organization of the capillary architecture and capillary loss.?***> In the late model, areas without vascularization alternate

2627 \while megacapillaries are missing.”® The hemorrhages have a lower specificity for SSc,

with focal neoangiogenesis,
being more limited both in surface and depth, as compared to those found in other collagenoses. Some authors consider
the presence of a megacapillary, in the background of Raynaud’s phenomenon, as being highly suggestive of SSc¢.**> The
degree of microvessel anomalies increases gradually in severity as SSc progresses and might be useful in stratifying

patients according to their risk of developing organ damage.”’

s |

Figure | SSc capillaroscopy image — nail bed with dilated capillaries and areas without vascularization.
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In a study of a group of 204 patients with SSc, Barsotti found that there were obstructions in the ulnar artery in 37.3%
of the evaluated patients and 24% of them had bilateral occlusion. As a result, the microscopic irregularities of the digital
arteries’ vascular wall may be accompanied by unilateral or bilateral ulnar artery occlusion, which is revealed by Doppler
ultrasonography.®

Nail bed videocapillaroscopic evaluation reveals capillary changes, which cannot always be classified into one of the
SSc’s stages, and are thus labeled as a scleroderma-like pattern; there are a number of other connective tissue diseases,
which can present with nail bed capillary changes, such as: systemic lupus erythematosus, mixed connective tissue
disease, dermatomyositis.”

Laser speckle contrast analysis (LSCA) is a newer technique that dynamically evaluates peripheral blood perfusion in
SSc patients, in vivo, in real-time, with a higher spatial resolution. A study from 2018, by Cutolo et al, found that this
laser tool, LSCA, had excellent intra- and inter-observer reliability in the study of blood flow in SSc, but more studies
need to be done in order to evaluate results in a parallel manner.*® High-resolution laser Doppler imaging (laser Doppler
flowmetry — LDF) can be also used as an objective investigation tool for evaluating microvessel changes in SSc (in the
right temperature and setting, with the patient’s hand away from its body, on a mat), by analyzing the dorsum of the
hands, which reveals a blood flow map, more precisely revealing blood perfusion (which is altered at the finger level in
SSc patients). For LSCA and LDF more studies are needed due to the lack of a gold standard for measuring, but there
have been found links between the structural altering of microvessels (capillaroscopy) and the functional vessel activity
(LDF or LSCA).*%!

Confocal Laser Microscopy

Lung tissue samples collected from patients with SSc with secondary pulmonary fibrosis are analyzed using confocal
laser microscopy images. Confocal microscopy (CM) identified the presence of cells that express surface molecular
markers that are specific to endothelial cells located in the lung parenchyma and in the perivascular and subendothelial
space. Also, by using confocal microscopy, the presence of endothelial cells with molecular markers characteristic of
myofibroblasts in the endothelial and in the subendothelial space of small and medium-sized arteries in the lungs was
highlighted. These observations support the theory of the transition of endothelial cells into mesenchymal cells — the so-
called EndoMT mechanism. EndoMT has long been thought to be present only during embryonic development of
cardiovascular structures. Recent studies have shown that EndoMT-type phenotypic modification is also present in
experimental models of excessive tissue fibrosis. There is also ample evidence of the involvement of EndoMT in the
pathogenesis of SSc-associated pulmonary hypertension and even in idiopathic pulmonary hypertension. In other words,
endothelial cells in the lungs can be converted into activated myofibroblasts by the EndoMT mechanism, which induces
progressive fibrosis of the intima of the vessels, obstruction of the pulmonary vessels, and interstitial pulmonary fibrosis.
This phenotypic change could be a useful new therapeutic target in the prevention of pulmonary complications in SSc.*
Other in vitro studies have shown the possibility of bone remodeling by CM, a phenomenon that may have implications
and utility in the treatment of calcinosis in some cases of SSc.*

Cascio et al used a confocal microscope to analyze the confocal images of blood samples and hardened skin. They
identified the molecular mechanism by which LyT CD8+ produce IL-13. The thickened skin samples were pre-frozen,
then stained with immunofluorescence techniques. Subsequently, LyT CD8+ were isolated from both fibrosed skin and
blood samples. It appears that in the early stages of SSc, fibrosed skin contains high levels of IL-13-producing Ly T CD8
+. LyT CD4+, while also producing lower levels of IL-13. Therefore, they found that IL-13-generating LyT CD8+ play a
key role in excessive tissue fibrosis. Cascio and his collaborators also made an in-depth analysis of the molecular process
which takes place in the diffuse subset of SSc. They noted that LyT CD8+ overexpress GATA-3 transcription factor and
induce a high level of T-bet transcription factor.**

Coherent Optical Tomography

Classical studies have shown that the intima of the pulmonary vessels suffers from a process of excessive fibrosis,
accompanied by arteriopathy with lower plexogenic potential than in idiopathic pulmonary hypertension. Coherent
optical tomography, which can quantify the intima-media index in cases of SSc during right cardiac catheterization,
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has been shown to be particularly useful. It was observed that patients with secondary pulmonary arterial hypertension
SSc had a significantly greater thickness of the intima and an average one in the pulmonary vascular bed with a caliber of
less than 2 mm, as compared to those without pulmonary hypertension. Coherent optical tomography showed a
significant increase in pulmonary artery branches smaller than 300 pm in the course of treating pulmonary
hypertension.*

Skin Biopsy
Although the histological examination of the hardened skin is not part of the classification criteria for SSc, skin biopsy is
useful when there is diagnostic uncertainty. SSc histological examination is different from that found in other scler-
odermoid diseases, such as Bursche’s scleredema or scleromyxedema. Skin biopsy has proven to be particularly useful in
research and less so in SSc management. Studies aimed at identifying microvascular lesions and chronic inflammatory
infiltrates in the early stages of SSc, at identifying the type of cytokines involved in the chronic inflammatory process and
the excessive collagen deposition in advanced disease stages.”®

Tokumura et al observed that patients with SSc have elevated serum lysophosphatidic acid levels.*”*® Of particular
interest is the observation of several researchers who noted that skin inflammation appears to be a constant source of
lysophosphatidic acid,”®** and on the surface of fibroblasts, in the dermis of patients with SSc, there are overexpressed,
high levels of lysophosphatidic acid receptors.*’*® Under the action of lysophosphatidic acid, fibroblasts in the hardened
dermis overexpress fibronectin and smooth muscle alpha-actin aSMA. These two components direct the differentiation of
activated fibroblasts from myofibroblasts, a process known to be an important link in the pathogenic process of SSc. At
the same time, the markers involved in the Wnt pathway are increasingly expressed under the action of lysophosphatidic
acid.*#4°
Experimental stimulation with lysophosphatidic acid in animal models induced a proinflammatory effect by accu-
mulating chemokines and cytokines. Of these, chemokine CCL2 appears to have maximum potential in the process of
inflammation and fibrosis in SSc. Similarly, an elevated level of IL6 was observed.*®*! Skin biopsies in patients with SSc
revealed high levels of CCL2 in both serum and epidermis. Lysophosphatidic acid induces a strong chemotactism of
neutrophils and monocytes in endothelial cells,*®** followed by the differentiation of smooth muscle fibers from the
walls of blood vessels.*®* This proves the involvement of lysophosphatidic acid in microangiopathy and chronic

inflammation in SS¢.>®%

Investigations Specific to Organ Damage
Pulmonary fibrosis and pulmonary arterial hypertension are common complications of SSc that can sometimes be
associated.>*> A decrease in DLCO below 60% suggests the presence of an increased risk of developing pulmonary
hypertension and requires regular monitoring accompanied by ultrasound quantification of the degree of hypertension
and even right cardiac catheterization.*®

The gold standard in identifying and quantifying the degree of lung damage remains High-resolution computed
tomography (HRCT). The extension of pulmonary fibrosis to over 33% of the lung parenchyma, accompanied by a
reduction in the forced vital capacity (FVC) in an early-stage SSc patient suggests a disease type with an unfavorable
prognosis and a high risk of progression.***’*® The features associated with SSc affecting the lung are as follows:
ground-glass opacities with fibrosis inside (upper and lower lobes) and bilateral, symmetrical lower-lobe reticulations
(associated or not with fibrosis).*® Sequentially reduced HRCT has been shown to be almost as effective as standard
HRCT in determining the extent of pulmonary fibrosis. Only the identification of bronchiectasis was limited to
sequentially reduced HRCT.****°

Studies show that disease progression can be anticipated using the 6-minute walking test applied in dynamics to
individual patient. Two evaluations of the 3-month gait test done on a group of 56 patients demonstrated good
predictability of patient prognosis, although the test was limited by some pathological aspects of SSc. The 6-minute
gait test was consistent with a number of global parameters: DLCO, FVC, left ventricular ejection fraction, Rodnan

score, tendon friction and arthralgia.**-*>>
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Conclusion

This paper brings together the most widely used investigations in SSc management and study, which are available so far
in the medical literature and practice. The multisystemic involvement and complex pathogenesis of SSc are still
unknown, but they open up the opportunity for extensive studies on various aspects of the disease, all the while making
useful different investigative techniques for each affected organ.’ There is an important burden of systemic sclerosis
complications which stem from the progressive and intractable fibrotic and microvessel damages (non-lethal ones) that
characterize this disease, making it a very challenging one to evaluate and treat. As such, the current possibilities of
diagnosis, treatment and monitoring are in a permanent adaptation to the new medical discoveries.
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