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A B S T R A C T   

It is hard for medical students to recognize and understand the clinical presentation of systemic 
connective tissue diseases (SCTDs). In this study, we aimed to review the immune mechanisms of 
the main SCTDs and to propose a classification system focused on the student and based on each 
immune dysfunction’s clinical phenotype. The search involved the MEDLINE database and 
included the terms “systemic lupus erythematosus,” “antiphospholipid syndrome,” “inflammatory 
myopathies,” “rheumatoid arthritis,” “Sjögren’s syndrome” or “systemic sclerosis” and “patho
genesis,” and “immunology” or “mechanism of disease.” Systemic lupus erythematosus (SLE) is a 
prototypic immune-complex disease with a tendency toward vascular injury. Antiphospholipid 
syndrome (APS) is a diffuse immune-mediated thrombotic vasculopathy. In inflammatory my
opathies (IMs), muscle inflammation leading to muscle weakness is the cardinal manifestation. 
Rheumatoid arthritis (RA) is a unique form of erosive and destructive polyarthritis. Sjögren’s 
syndrome (SS) causes sicca symptoms due to infiltration of the exocrine glands. Disseminated 
fibrosis in systemic sclerosis (SSc) is caused by vascular injury with excessive fibroblast activa
tion. After the review, we created a focus group involving all the authors to group the diseases 
according to their pathogenesis and clinical phenotype. Our group agreed that SCTDs can be 
divided in 3 groups based on the preferential clinical presentation and immune dysfunction: 1) 
vasculopathic features (SLE and APS), 2) tissue inflammation (IMs, RA, and SS), and 3) tissue 
fibrosis (SSc). In synthesis, we suggest that clustering SCTDs in groups based on clinical pheno
type and presumptive immune dysfunction instead of ordering autoantibodies randomly can help 
students understand the diseases.   

1. Introduction 

Medical students regard systemic connective tissue diseases (SCTDs) as mysterious and poorly defined. For instance, an Irish study 
showed that up to 86% of the interns at a large teaching hospital were not confident enough to diagnose them [1]. Even in residency, 
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doctors feel more comfortable dealing with diseases of the cardiorespiratory or gastrointestinal system than musculoskeletal ones [2]. 
Part of the problem may be a lack of training in clinical reasoning in these scenarios during formation, but the literature regarding 
teaching strategies is scarce. 

We decided to conduct a poll among our interns to understand their perception in our institution. We collected 83 answers and 
observed that 23% of the students did not even know what SCTDs were. Also, 80.7% of them felt uncomfortable or very uncomfortable 
establishing these diagnoses, and no student felt very comfortable diagnosing STCDs. 

Our results have no scientific value, but corroborate our feeling that SCTDs are somewhat confusing for young doctors and that 
efforts to integrate them could be welcome. 

The purpose of our review was to gather the information available in the literature regarding the most common SCTDs as well as 
their pathogeneses and clinical phenotypes. Afterward, we propose a new classification method focused on the medical student. This 
framework is not intended to substitute the contemporary accepted classification criteria, but to facilitate the recognition of clinical 
patterns by the young students. 

1.1. Search strategy and selection criteria 

In our search, we utilized the MEDLINE database, including articles in English from 2000 to 2021. We included reviews of the 
respective diseases and its pathophysiology. The search terms were “systemic lupus erythematosus,” “antiphospholipid syndrome,” 
“inflammatory myopathies,” “rheumatoid arthritis,” “Sjögren’s syndrome” or “systemic sclerosis” and “pathogenesis,” or “immu
nology” or “mechanism of disease.” The diseases included on the study were based on the classification of systemic connective tissue 
diseases proposed by West and Kolfenbach [3]. 

Each author performed the literature research in one of the diseases, favoring the 20 first articles sorted by the “best match” tool 
provided by PubMed. If necessary, the author would explore any among all the articles found by the search strategy, favoring those 
published in the last 10 years. 

After the review, we formed a focus group to discuss the clustering. When consensus was reached, we reviewed once again the 
evidence for each disease and produced a brief report focusing on pathogenesis and clinical phenotype. In the end, we developed the 
classification based on our findings and discussions, aiming to develop a framework for basic comprehension of the clinical diagnosis 
for medical students, focusing on the link between T-cell response and clinical phenotype. 

2. Literature review 

2.1. Systemic lupus erythematosus (SLE) 

SLE is a prototypic immune complex disease [4], which means that most of the pathological processes derive from immune complex 
deposition. Many of the SLE autoantibodies will target the cell’s inner structures, mainly the nucleus, because apoptotic cells’ 
clearance mechanisms are defective, leading to a higher chance of loss of immunotolerance [5]. Because many autoantibodies will find 
their antigens in circulation, immune complex formation frequently occurs and vascular deposition is a major pathological feature 
[6–8]. This deposition leads to complement activation, recruitment of inflammatory cells, thrombosis, and tissue damage [9], which is 
usually multisystemic, with a preference for kidneys, skin, and the central nervous system. Considering that antiphospholipid anti
bodies are often present, thrombosis of the microcirculation might be crucial [7]. 

The clinical picture of a patient with SLE is that of disseminated inflammation, with nonspecific signs, but also with organ-specific 
involvement, usually in a very multisystemic fashion [5]. Manifestations not closely related to vascular phenomena, such as 
musculoskeletal inflammation, are often present [5] but tend to be indistinguishable from other SCTDs. The cutaneous manifestations 
can be suggestive of SLE, such as malar rash, but erythematous lesions can be difficult to differentiate from the ones from other SCTDs, 
even in their pathology and immunofluorescence [10]. However, the magnitude of vascular involvement in SLE is remarkable [8,11]. 
The main clinical manifestations somehow involving vessel occlusion include some important SLE-associated renal syndromes (class III 
and IV glomerulonephritis, true renal vasculitis, and thrombotic microangiopathy) [6], the focal central nervous system manifestations 
(psychosis, seizures, movement disorders, and stroke syndromes) [12], diffuse alveolar hemorrhage [6], and some skin manifestations 
(palpable purpura, nail-fold ulcerations, palmar vasculitis, and urticaria) [4] among other, more infrequent situations. We propose 
that, when present, these vascular manifestations should prompt suspicion of SLE more than of other SCTDs. 

Other than diffuse vasculopathy or vasculitis, another important feature is the presence of circulating autoantibodies against cell- 
surface proteins. These antibodies contribute to hematopoietic cell damage [9,13], leading to cytopenia. 

2.2. Antiphospholipid syndrome (APS) 

APS is a systemic prothrombotic autoimmune disease characterized by thrombotic events and presence of antiphospholipid an
tibodies (aPLAs). The main autoantibodies that play a major role in the disease’s pathogenesis are anticardiolipin (aCL), anti-β2- 
glycoprotein I (aβ2GPI), and the lupus anticoagulant (LA) [14,15]. 

Although it can occur without any underlying disease, APS has been linked to SLE and other autoimmune, malignant, and infectious 
entities [16]. 

The mechanism of disease involves the “two hit hypothesis,” which postulates that the pathogenesis includes two events: the first is 
the loss of immunotolerance and production of autoantibodies targeting the membrane phospholipids (PLs), and the second is an event 
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that leads to the exposition of these PLs, such as infections, smoking, and pregnancy [17]. This theory tries to explain why patients with 
APS suffer only occasionally from thrombotic events despite being permanently exposed to aPLA. 

The best studied aPLA is aβ2GPI, which is a natural anticoagulant that inhibits prothrombinase and tenase activity on platelets, 
inhibits factor XII activation, and can modulate platelets; it has also been shown to bind to factor XI directly to attenuate its activation 
[18]. However, oxidative stress can change the conformation of the protein, not only exposing the epitope target of aβ2GPI but also 
making it prone to binding PLs [19]. As such, the oxidized β2GPI acts as a link between the aPLA and the membrane PLs. In addition, 
this modified form is able to antagonize the effects of endothelial nitric oxide synthase (eNOS) [20], promoting cell adhesion and 
vasoconstriction. 

The complex formatted by aPLA and its targets (i.e., membrane PLs) is able to activate the target cell, usually a platelet, endothelial 
cell, or monocyte [21], which in turn is capable of inducing thrombosis through complement and coagulation cascades activation, 
tissue factor expression, platelet aggregation, or even cytokine production [19,21,22]. 

The mechanisms underlying the loss of immunotolerance are less well-established, but molecular mimicry has been proposed [23], 
including with SARS-CoV-2 [24]. Because antibodies are necessary for the disease’s development, T-lymphocyte and B-lymphocyte 
dysfunction are probably involved in Th2 and Tfh polarization. 

The clinical picture that mostly resembles APS is that of multiple thrombotic events in a person without risk factors or multiple 
pregnancy morbidities, but small-vessel disease is increasingly identified, and APS more likely represents a diffuse immune-mediated 
vasculopathy. 

2.3. Systemic autoimmune myopathies (inflammatory myopathies) 

Systemic autoimmune myopathies (SAMs) more properly represent a subfamily of diseases. Although all its counterparts involve 
some form of muscle pathology, the pattern of involvement and the extramuscular manifestations can differ significantly, making the 
clustering of these diseases difficult and somewhat imprecise. However, regarding the major pathogenic models proposed in this 
review, three distinct phenotypes emerge in SAM: 1) a complement-driven vasculopathy in dermatomyositis [25,26] (and possibly also 
in antisynthetase syndrome [27]), 2) a cytotoxic muscle infiltration in polymyositis and inclusion body myositis [28,29], and 3) a 
massive complement-driven muscle necrosis in necrotizing autoimmune myopathy [30]. In spite of the key mechanisms leading to 
damage, the uniting clinical phenotype of SAMs patients is muscle weakness [31]. 

2.3.1. Dermatomyositis (DM) and antisynthetase syndrome (ASyS) 
The main pathogenic mechanism thought to mediate DM is the formation of the membrane attack complex (MAC) in the micro

vasculature of the perimysial region, triggered by the local deposition of antibodies directed against endothelial cells [32]. This attack 
of the capillaries leads to overexpression of adhesion molecules [33] and microvasculature necrosis [26], which in turn will lead to the 
influx of lymphocytes and plasmacytoid dendritic cells in the perifascicular regions [31] with muscle ischemia and dysfunction. Last, 
ischemic damage is sensed by RIG-1 signaling, promoting augmentation of cytokines related to innate immunity, such as IFN α and β, 
which also stimulate the cell invasion in muscle fibers [34], thus perpetuating the cycle. 

Some of DM’s skin manifestations can also be explained by vasculopathy. The fingernails’ capillary loops are usually dilated and the 
cuticle is thickened, suggesting hypoperfusion [35]. The distinct rash depicts perivascular lymphocytic infiltrate and interface 
dermatitis [36]. When ulcers are present, they are probably related to vasculopathy, vascular fibrin deposition, or true vasculitis [37, 
38]. 

In synthesis, DM is an autoimmune muscle disease prominently mediated by humoral and vascular mechanisms. Considering these 
hypotheses, Tfh-lymphocytes and B-lymphocytes probably play a major role [39]. 

The pathogenesis of ASyS is far more obscure but probably involves the production of autoantigenic forms of tRNA-synthetases 
(tRS) in the lungs [40]. Also, the secretion of these spliced variants of tRS extracellularly might explain the propagation of the dis
ease to the muscle [41]. Independent of the inciting event, the histopathology of ASyS in the muscle somewhat resembles that of DM, 
predominantly affecting the perimysium but with necrotic features [25], predominantly CD8+ populations and actin myonuclear 
inclusions [27]. 

2.3.2. Polymyositis (PM) and sporadic inclusion body myositis (sIBM) 
The pathogenesis of PM and sIBM is more cell-driven. The main effector of the disease is the invading CD8+ cytotoxic lymphocyte 

[25]. These lymphocytes are clonally expanded and are stimulated by CD4+ helper lymphocytes, mainly Th1, Th17, and CD28null cells 
[42]. Chemokines and cytokines, such as interleukin-1, 6, 8, and monocyte chemoattractant protein 1, are expressed in the targeted 
cells [25]. 

It is thought that, in sIBM, the intracellular accumulation of abnormal proteins due to impaired autophagic activity [43] also lead to 
muscle damage and dysfunction [42]. The mechanisms behind protein dyshomeostasis include aging, nitric oxid-induced cell stress, 
and long-standing inflammation [44,45]. 

In synthesis, PM and sIBM are systemic conditions but with a much more muscle-centered phenotype than DM or ASyS. The main 
mechanism of disease is cell-mediated toxicity with aberrant protein homeostasis concurring with muscle dysfunction and dystrophy 
in sIBM. 
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2.4. Rheumatoid arthritis (RA) 

The most striking feature of RA is damage to the joint, causing inflammation, and destruction of its cartilage and peri-articular bone 
[46–49]. It is a multifactorial disease, occurring in genetically predisposed individuals exposed to environmental factors that can cause 
loss of tolerance and activation of the immune system against modified autoantigens [48]. 

The excessive citrullination of proteins is considered the main inciting event in RA [48,50,51]. This posttranslational modification 
of the proteins makes them more susceptible to recognition by T-cells and further production of anti-citrullinated peptide antibodies 
(ACPA). These antibodies migrate to the synovium, where they promote cell damage, possibly of the osteoclasts of the subchondral 
bone [47], because these cells need citrullinating enzymes for their normal differentiation. The continuous lesion promoted by the 
ACPA serves as a permanent source of joint antigens for the resident DC. In genetically predisposed individuals, these antigens might 
break immunotolerance and initiate autoimmunity, with the synovium acting as a germinal center [52]. Dysfunctional T-lymphocytes 
within the synovial tissue produce cytokines that will enhance cell recruitment, such as TNF, and recruit B-lymphocytes that will 
participate in the production of autoantibodies, such as rheumatoid factor and ACPA [4,48]. Synovial macrophages also contribute to 
the cytokine profile, producing IL-6 and feeding the TNF loop [53]. Although the cytokine profile in RA is somewhat mixed, the 
predominant pattern seems to be the one related to Th1, Th17, and Tfh lymphocytes [48]. 

Osteoclasts are important in the pathogenesis of RA, not only serving as targets for the circulating ACPA but causing the char
acteristic bone demineralization and erosion adjacent to inflammation. Osteoclasts are activated through the receptor activator of the 
nuclear factor kappa-В (RANK) ligand, expressed by activated T-lymphocytes and fibroblast-like synoviocytes [4,54]. Direct stimu
lation from TNF can also contribute to osteoclastogenesis [46]. 

Apart from macrophages, chondrocytes, and osteoclasts, all important and active cells promoting damage in RA stimulated by the 
cytokine and damage environment, fibroblast-like synoviocytes (FLSs) are particularly active in RA, different from any other SCTD. In 
fact, it is theorized that FLSs from RA patients present a more aggressive phenotype, probably promoted by abnormalities in tran
scription factors and intracellular signaling pathways [48]. FLSs are stimulated by TNF, IL-1, IL-6, and TGFβ [4] and are responsible for 
the hyperproliferation and hypervascularization of the synovial layers seen in RA, promoting cartilage destruction and expansion of 
the synovial tissue (pannus). 

Tissue inflammation, pannus, and bone erosion all contribute to the singular phenotype of RA: a remarkably phlogistic and erosive 
polyarthritis. 

2.5. Sjögren’s syndrome (SS) 

The cardinal manifestations of SS are inflammation and destruction of salivary and lacrimal glands and consequential sicca 
symptoms [55]. Just as in RA synovium, salivary glands from patients with SS can act as ectopic germinal centers. 

The immune dysfunction is believed to start in the salivary glands’ epithelial cells (SGECs) after cell lesion and/or apoptosis. The 
inciting injury mostly recognized is of viral origin, especially Epstein-Barr virus (EBV) [56]. This virus is able to produce RNA-like 
molecules that are released by exosomes and stimulate DC response through type I IFN [57–59]. These RNA-like structures and 
other natural intracellular proteins (Ro52, Ro60, and La) are presented by DCs and can act as self-antigens that will make autoreactive 
T-lymphocytes emerge [55]. The type I IFN environment is also able to stimulate an immune response in the SGECs themselves, 
transforming them into competent antigen presenting cells and co-stimulators of the immune system [60]. This regional specificity 
(called “autoimmune epithelitis”) helps explain why the salivary glands are the main target tissue in SS albeit the autoimmunity is 
driven against ubiquitous proteins. 

The profiles of T-cell response are Th1, Th17, and Tfh [4,55]. The cytokines involved in Th1 and Th17 signaling (such as IL-6, IL-17, 
and IFNγ) can induce lymphocytotoxicity [61], macrophage migration [62], and direct salivary gland disfunction [63]. On the other 
hand, Tfh cells work together with the innate immune system through cytokines such as IL-6, IL-7, IL-21, and BAFF to activate and 
maturate B-lymphocytes that will produce autoantibodies (like anti-Ro/SSA and anti-La/SSB) that will cause further destruction of the 
gland and autoantigen presentation. 

The clinical picture of a patient with SS is primarily sicca syndrome and unspecific signs of inflammation. Patients with a marked 
humoral response might exhibit low levels of complement, hypergammaglobulinemia, cryoglobulinemia, and clinical vasculitis. These 
latest have a higher chance of developing lymphoma [55]. 

2.6. Systemic sclerosis (SSc) 

It is known that the pathogenesis of SSc presents three crucial events: vasculopathy, dysregulation of innate and adaptive im
munity, and fibrosis [64,65]. 

Microvascular damage is believed to be triggered by viral aggression, chemical, or oxidative products [65]. After the initial 
aggression and endothelial activation, the expression of adhesion molecules (VCAM-1, ICAM-1 and E-selectin) and activation of 
chemokines (MCP-1, MIP-1α and MIP-1β) occurs, resulting in the recruitment of inflammatory cells [65]. Endothelial dysfunction also 
promotes an imbalance in vasoconstrictor and vasodilator agents (eg, endothelin-1 and prostacyclin, respectively) and hence tissue 
hypoxia and increased oxidative stress [64] Endothelin-1, in addition to being a potent vasoconstrictor, induces the proliferation of 
fibroblasts and their differentiation into myofibroblasts, cells that play an important role in the fibrogenesis [64,65]. 

In response to the expression of adhesion molecules and the secretion of chemokines, inflammatory cells are recruited, especially 
macrophages and T-lymphocytes responsible for the production of proinflammatory and profibrotic mediators [65]. T-lymphocytes 
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promote a predominantly type 2 response [64,66,67], producing IL-4 and IL-13. These cytokines can induce macrophages to release 
TGFβ (a stimulator for collagen production by fibroblasts) [64,67] and can directly activate fibroblasts [67]. Another cytokine of recent 
interest is IL-6, released by T-lymphocytes, B-lymphocytes, macrophages, and fibroblasts [68]. IL-6 is a key link between innate im
munity, adaptive immunity, and fibrosis because it is released by macrophages, induces T-cell and B-cell responses, and is able to 
stimulate fibroblasts to produce an extracellular matrix (ECM). Although autoantibodies are usually present in patients with SSc, their 
role in the pathogenesis is still unknown [65,68]. 

The last step in the pathogenesis of SSc is the activation of fibroblasts and their differentiation into myofibroblasts by the previous 
mechanisms. After their activation, they release ROS (promoting a feedback mechanism) and undergo differentiation into myofi
broblasts, responsible for the exaggerated production, assembly, and crosslinking of ECM [68]. 

The phenotype of a patient with SSc is that of diffuse fibrosis, manifested by skin thickening and organic dysfunction (especially 
gastrointestinal and pulmonary). The infiltration of the blood vessels by ECM, combined with vasomotor dysfunction, will also cause 
vasculopathy, with loss of capillary beds, ischemia (especially in the extremities), and hypertension, predominantly of the lung’s 
vasculature. 

3. Discussion 

This review focused on the pathogenesis of the SCTDs, focusing on the relationship between the predominant T-cell response and 
the clinical manifestations. The first challenge in this review was to select the target diseases. The study utilized the classification of 
rheumatic disorders proposed by West and Kolfenbach, in which SCTDs are described apart from the vasculitides and spondyloarthritis 
[3]. One could hypothesize that SCTDs have some features that allow the differentiation from its rheumatic counterparts such as a 
remarkable systemic behavior, with many organs simultaneously affected. This feature would help to differentiate from the systemic 
vasculitis, in which the target for the immune system is notoriously the blood vessels and all the main manifestations can be explained 
by that. Also, SCTDs bear a predominantly autoimmune dysfunction, rather than an autoinflammatory one [69]. This would permit the 
separation from the spondyloarthritis, entities in which the articular manifestations stand out and the pathogenesis mixes adaptative 
and innate immune system’s dysfunction [70]. 

Regarding SCTDs, our group identified three basic pathogenic patterns: 1) vasculopathy and vasculitis, 2) tissue inflammation, and 
3) tissue fibrosis. All STCDs can produce clinical manifestations within all “poles” of pathogenesis, but it is possible to determine a 
predominant pattern for each disease. Each pattern has a fairly constant lymphocyte T helper response, cytokine profile, and mech
anism of lesion (Fig. 1). 

3.1. Vasculopathy and vasculitis 

Within this cluster, the clinical manifestations are related to vasculitis (i.e., infiltration of the vessel wall by inflammatory cells) 
and/or vasculopathy caused by vessel thrombosis. Because these mechanisms lead to vessel occlusion, the main clinical manifestations 
are due to tissue or organ ischemia [7]. Examples of the clinical syndromes related to vasculopathy include glomerular disease, 
ischemic central nervous system syndromes, cutaneous vasculitis, limb ischemia, pulmonary capillaritis, and large-vessel thrombosis. 

The main pathogenic mechanism for vascular disease is immunocomplex deposition and the activation of the coagulation cascade 
[7,12,19,68]. Inflammatory cells also eventually infiltrate the vessel wall, driven by the immunocomplex deposition. Because a large 
quantity of antibodies is necessary for immunocomplex disease, cytokines related to this spectrum include those necessary for 
lymphocyte B activation, such as IL-6, IL-21, and BAFF [19,71–73]. Therefore, Tfh cells are most likely involved in this response [72]. 

Our group understood that SLE and APS were the clinical entities better suited for this cluster. 

Fig. 1. Clinical phenotype according to T-helper predominant response and main cytokines.  

A.B.L. Resende et al.                                                                                                                                                                                                  



Heliyon 9 (2023) e16935

6

3.2. Tissue inflammation 

In this cluster, the main clinical manifestations are related to the infiltration of organs and its apparatus by inflammatory cells. 
Examples of clinical syndromes include synovitis, myositis, dermatitis, adenitis, and serositis. 

The main pathogenic mechanism for tissue inflammation is cytokine-driven inflammatory cell recruitment, directly targeting the 
respective tissue [25,46,74]. The clinical picture results from organic dysfunction promoted by inflammation and architecture 
destruction. Cytokines strongly participate in this clinical phenotype, especially TNF, IL-6, and IL-17 [42,47,48,74]. Therefore, 
lymphocytes Th1 and Th17 would most likely be predominant. 

Our group considered the SAMs, RA, and SS more prone to this clinical pattern. 

3.3. Tissue fibrosis 

Some degree of fibrosis is expected in most if not all SCTDs. Clinicians will frequently find stigmata of tissue fibrosis in a large 
proportion of patients [75]. However, some patients’ clinical pictures are dominated by fibrotic features. The deposition of fibrotic 
tissue in organs will impair their ability to maintain normal homeostasis, leading to organic and systemic failure. Examples of man
ifestations attributed to fibrosis include skin thickening, fibrotic vasculopathy in extremities, lungs, and kidneys, interstitial lung 
disease, and gastrointestinal fibrotic disease [68]. 

The main pathogenic mechanism for tissue fibrosis is fibroblast activation. It is thought that the trigger is an endothelial 
dysfunction, leading to ischemia and inflammatory inflow. The cytokines released from inflammatory stimuli lead to fibroblast 
hyperregulation, leading to exaggerated production of ECM [68]. The main cytokines related to this pathogenesis are TGF-β, IL-6, 
IL-10, IL-4, and IL-13 [64–67]. Therefore, the T-helper phenotype in this cluster is somewhat polarized to Th2 and Treg. 

Our focus group considered that SSc was the archetypal disease belonging to this cluster. 
Following this approach, students might use their skills in semiology to classify the patient according to the dominant clinical 

picture. This strategy helps narrow the differential diagnosis, reduces the ordering of unhelpful exams, and might also have therapeutic 
value. 

As expected from any unifying strategy, our group encountered many difficulties. For instance, some researchers pointed out that 
DM and SS have a large contribution from B-cells and autoantibodies in its pathogenesis, so they could be classified as belonging to the 
first cluster. It is true that many DM patients experience a vasculopathic Raynaud phenomenon and even skin ulcers due to vasculitis 
[75], and it is also very relevant that B-cell dysfunction is at the core of Sjögren’s pathogenesis [55]. 

However, because our proposal was to develop a global vision, we thought that tissue inflammation would better represent the 
clinical findings that would make most clinicians consider SS or DM the final diagnosis. To call attention to these entities’ possible 
humoral features, we developed Fig. 2, representing the spectrum of the SCTD. 

In a different extremity, SLE could be regarded as a predominantly inflammatory condition, because many students would often 

Fig. 2. The clinical spectrum of the systemic connective tissue diseases. Abbreviations: APS: antiphospholipid syndrome, SLE: systemic lupus er
ythematosus, DM: dermatomyositis, RA: rheumatoid arthritis, SS: Sjögren’s syndrome, PM: polymyositis, ASyS: antisynthetase syndrome, sIBM: 
sporadic inclusion body myositis, SSc: systemic sclerosis. 

A.B.L. Resende et al.                                                                                                                                                                                                  



Heliyon 9 (2023) e16935

7

think of SLE when seeing a malar rash—or other cutaneous lesions—that is not necessarily accompanied by vasculopathy or vasculitis 
in the pathology. Indeed, 85% of SLE patients will present with mucocutaneous or musculoskeletal complaints [5]. Nevertheless, we 
thought that clustering SLE into the Tissue Inflammation group would neglect the renal manifestations—especially classes III and IV of 
lupus nephritis, which are essentially an immune complex-mediated injury of the glomerular capillaries—and the focal neuropsy
chiatric syndromes [12]. Neither condition is as common as skin and articular manifestations but, when present, strongly suggest SLE; 
on the other hand, synovitis is very common in SCTDs, and malar rash and photosensitivity can be found in DM and mixed connective 
tissue disease, among others. 

Last, SSc is prominently a fibrotic condition, but vascular disease is a cornerstone of the pathogenesis. Therefore, one could consider 
including it in the first group. However, the vasculopathy of systemic sclerosis is not directly driven by inflammation itself but from 
oxidative stress and fibrosis. In fact, immunosuppression brings no benefit to the vasculopathy in SSc [76]. 

Again, to represent this conundrum less rigidly, we tried to highlight the mixed patterns in Fig. 2. 
We understand that our review has many limitations, including the narrative design, the absence of newer mechanisms of path

ogenesis, such as genetic profiles and intracellular signaling, and the limited usefulness for the postgraduate students. Also, the 
literature research was limited to the list of SCTD proposed by West and Kolfenbach [3], thus not mentioning systemic vasculitis for 
instance. However, in order to simplify and unify concepts for the students, we believe we had to lose some depth regarding the 
diseases individually. This does not mean that the framework proposed cannot be used by experienced doctors as a first approach in the 
daily practice though, but one must have in mind that it is not intended to be a diagnostic tool in isolation. In addition, this is just a first 
insight into the subject and the scientific community surely will greatly improve it in the future. 

In summary, we conclude that the studying of SCTD can be overwhelming for young students. One explanation could be because it 
is centered in diagnostic criteria and autoantibodies, becoming an exercise of intensive memorization. Herein, we proposed a different 
approach, focusing on the clinical phenotype related to each immune mechanism. Future studies testing the performance of the 
methodology are being developed by our university. 
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