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Introduction 

 Systemic sclerosis (SSc) is a systemic autoimmune disease in which inflammation and fibrosis 
play a crucial role and lead to severe damage and failure of multiple organs such as the skin, 
joints, tendons, gastrointestinal tract, lungs, heart, blood vessels, and kidneys. It primarily affects 
women (female:male ratio of 4:1-10:1, depending on age and ethnicity)], and there are 2 clinical 
subsets according to the extent of skin involvement: diffuse cutaneous SSc (dcSSc) (skin damage 
proximal to elbows and/or knees or that affects thorax and/or abdomen at any given time during 
the disease) and limited cutaneous SSc (lcSSc) (skin damage distal to elbows and knees without 
involvement of either thorax or abdomen). Tis disease may lead to major disabilities due to 
vascular complications, cardiopulmonary involvement, inflammatory myopathy, and arthritis; 
likewise, it can cause malnutrition due to gastrointestinal tract involvement, and it can decrease 
quality of life as a consequence of the psychological and social impact. Additionally, it can be 

Particulars Description 

Course Title Systemic sclerosis- an overview 

Course Code DR05 

Objective 1. To learn about the clinical features 
2. To learn about the diagnosis  
3. To learn about the treatment  

Further learning 
opportunities 

Recent advances in management of the disease 

Key Competencies To make a diagnosis and provide adequate treatment 
To prevent complications 

Target Student 2nd MBBS Students 

Duration 30hrs: July 2017 to Oct 2017 
Theory Session 10hrs 
Practical Session 20hrs 
Assessment 
Procedure 

Multiple choice questions 



fatal, with a 3-year survival rate of 47-56% in cases of serious pulmonary or cardiac 
involvement, particularly PAH]; in fact, it is the single connective tissue disease with the worst 
survival prognosisGroups of experts have tried to come to a consensus regarding treatment for 
VSHFLILF�RUJDQ�LQYROYHPHQW��6XFK�LV�WKH�FDVH�RI�(8/$5¶V�UHFRPPHQGDWLRQV�IRU�WKH�WUHDWPHQW�RI�
systemic sclerosis, which aims to guide treatment for patients based on evidence and clinical 
experience from worldwide experts; however, there is still no standardized and effective 
treatment for this disease to date]. The understanding of the pathogenesis of the disease has 
improved considerably in recent years. Although there are still many unanswered questions, the 
participation of the immune response cells and inflammatory mediators, fibroblasts, and other 
components of the extracellular matrix and the central role of endothelial damage have changed 
the paradigm of this disease that was previously considered as predominantly fibrotic. Now it is 
conceived as a complex syndrome with multiple pathogenic pathways that may be treated 
simultaneously. 

In recent years, there has been substantial progress in the management of some complications 
developed by these patients, which has led to increased disease survival and quality of life. Tis 
includes better control of complications in specific organs (such as interstitial lung disease, 
SXOPRQDU\�DUWHULDO�K\SHUWHQVLRQ��UHQDO�FULVLV��DQG�5D\QDXG¶V�SKHQRPHQRQ��DV�ZHOO�DV�
standardized follow-up and earlieU�GHWHFWLRQ�RI�SRWHQWLDO�FRPSOLFDWLRQV@��7KH�LGHDO�RI�³WDUJHWHG�
WKHUDS\´�ZLOO�EH�DQ�LQFUHDVLQJO\�DWWDLQDEOH�REMHFWLYH�LQVRIDU�DV�RXU�XQGHUVWDQGLQJ�RI�WKH�GLVHDVH�
improves. As stated by Dr. Denton], this concept in systemic sclerosis can have different 
meanings: the first one refers to the treatment of specific organ complications such as renal 
crises, interstitial lung disease, and pulmonary arterial hypertension; the second one refers to the 
treatment of symptoms of a determined organ involvement such as RD\QDXG¶V�SKHQRPHQRQ�RU�
gastroesophageal refux; the third one refers to the treatment of individual disease processes such 
as immune activation, inflammation, fibrosis, or vasculopathy; and the last one refers to the 
blocking of certain cell types or interactions between cells that impact on various aspects of the 
disease through the same mechanism, even and ideally blocking an intracellular target or a 
specific pathway that modifies several pathological processes of the disease. Many molecules 
involved in the pathogenesis of this disease have been evaluated as therapeutic targets in 
preclinical and clinical trials with diverse .Here we present the state of the art of the pathogenic 
pathways and proposed targeted therapies. To perform this literature review, we conducted a 
research through electronic resources (PubMed, ScienceDirect, Nature, Elsevier, BMJ, and 
Wiley Online), reviewing references in the English language from the last 10 years. We identifed 
DUWLFOHV�YLD�JHQHUDO�VHDUFK�RI�WKH�WHUPV�³V\VWHPLF�VFOHURVLV�25�VFOHURGHUPD´�DQG�³V\VWHPLF�
VFOHURVLV�SDWKRJHQHVLV�´�WKH�IUVW�VHDUFK�\LHOGHG������DUWLFOHV��ZKLFK�ZHUH�KDQGSLFNHG�DFFRUGLQJ�
WR�UHOHYDQFH�WKDW�ZDV�GHWHUPLQHG�DFFRUGLQJ�WR�WKH�DUWLFOH¶V�GDWH�RI�SXEOLFDWLRQ��UDQJLQJ�IURP�
2008 to October 2018, and its direct relation to scleroderma pathogenesis and directed therapies. 
6XEVHTXHQWO\��ZH�GLUHFWHG�D�VSHFLIF�VHDUFK�RI�WKH�WHUPV�³%RVHQWDQ´��³0DFLWHQWDQ´��
³$PEULVHQWDQ´��³6HOH[LSDJ´��³5LRFLJXDW´��³EDUGR[RORQH�PHWK\O´��³,QIL[LPDE´��³$GDOLPXPDE´��
³5LWX[LPDE´��³%DVLOL[LPDE´��³(IDOL]XPDE´��³$EDWDFHSW´��³$,06352´��³7RFLOL]XPDE´��
³$0���´��³6$5������´��³,PDWLQLE´��³'DVDWLQLE´��³1LORWLQLE´��³&$7-���´��³*&-����´��³)*-
����´��LQWHJULQ´��³3LUIHQLGRQH´��DQG�³1LQWHGDQLE´��ZKLFK�UHVXOWHG�LQ�D�UDQJH�RI���WR�����
references per term.  



Etiopathogenesis of Systemic Sclerosis and Therapeutic Targets  

The triggering factors that unleash the pathogenic processes that lead to the development of 
systemic sclerosis have not been yet identified. The most accepted working hypothesis implies 
that, in a genetically susceptible subject, a triggering event occurs (probably exposure to an 
infectious or environmental agent such as vinyl chloride or silica, or an event that supposes an 
important immunological challenge such as a pregnancy or the development of a neoplasia), 
which causes the activation of various cells of the immune system, the endothelium, and the 
extracellular matrix. These cells then lead to inflammation, fibrosis, and endothelial damage that 
cannot be counterbalanced by the natural resolution mechanisms of infammatory processes and 
scarring .1. Involvement of the Immune System. The most acknowledged evidence of the 
participation of the immune system in this disease is the presence of various autoantibodies, 
several of which are present exclusively in this disease and are associated with clinical 
complications and specific phenotypes as has been broadly described by Dr. Tomas A. Medsger 
Jr. and his work team. Furthermore, several genetic studies have found, as additional evidence, 
an association of different gene polymorphisms related to the immune response with the 
predisposition to sufer systemic sclerosis. Some of the most important ones are polymorphisms 
in genes of the major histocompatibility complex [8], in regulatory genes of types I and II 
interferons, in genes of cytokines and chemokines, and of Toll-like receptors (TLR.Skin from 
SSc patients shows infammatory infltrates in which macrophages, T lymphocytes, and dendritic 
cells are the predominant cell types. Tese cells produce cytokines and chemokines with 
proinfammatory and profbrotic activities, and it is very possible that they participate in the 
process of endothelium-mesenchymal and epithelialmesenchymal transition, processes by which 
endothelial and epithelial cells are activated and acquire characteristics similar to 
myofbroblasts.Te powerful signals generated by cytokines and chemokines also produce the 
recruitment of bone marrow cells and fbrocytes from the peripheral circulation for their 
subsequent activation into fbroblasts that will produce collagen and other extracellular matrix 
proteins that predominate in the fbrotic phase of this disease..1. Innate Immune System. 
Although the factors that promote the persistent activation of cells of the immune system are 
unknown, recent studies of various groups have pointed towards the Toll-like receptors as 
possibly responsible for interacting with their classical agonists or with other exogenous or 
endogenous agonists from damaged tissue to activate dendritic cells, which could secrete 
proinfammatory cytokines and present antigens to the T cells to activate them. Overexpression of 
TLR4 and TLR2 has been found in skin and fbroblasts of patients with SSc .On the other hand, 
the TLR3, TLR7, TLR8, and TLR9, generally viral nucleic acid sensors, could be involved in 
infammation in systemic sclerosis; Farina et al. demonstrated the association between Epstein-
Barr virus infection, overexpression of interferon-associated genes, transforming growth factor-
beta (TGF-beta), and other markers of fbroblast activation. In this sense, persistent damage afer a 
viral infection could cause chronic infammation and fbrosis in susceptible subjects. Activation of 
dendritic cells through TLRs generally leads to the production of several proinfammatory 
cytokines particularly type I interferons, which have been found overexpressed in peripheral 
blood in patients with systemic sclerosis (interferon signature) .In fact, nearly 50% of SSc 
patients show the so-FDOOHG�³LQWHUIHURQ�VLJQDWXUH´�LQ�SHULSKHUDO�EOood and sera .Tese 
abnormalities are seen in some SSc patients even at early phases of the disease, before skin 



fbrosis is well established. In this group of patients, the type I IFN signature in peripheral 
monocytes correlates with infammation and fbrosis mediators (B cell activating factor (BAFF) 
expression and type III procollagen N-terminal propeptide serum levels], which suggests an 
association between abnormal activation of the IFN-I signaling pathway and disease activity 
.The consequences of increased type I IFN expression in SSc are diverse and afect immune and 
endothelial cell function as well as fbroblasts. Tese efects have been extensively reviewed by 
Ciechomska and Skalska [38] and are outlined below. IFN type I efects on immune cells include 
increased monocyte activation, as well as increased diferentiation, survival, proliferation, and 
activation of T, B, and dendritic cells .Moreover, Kim et al. showed that serum of SScpatients 
containing anti-topoisomerase I antibodies induces the production of interferon-alpha by PBMCs 
cocultured with nuclear extracts. Tis was particularly higher when they used serum from dcSSc 
patients and from SSc patients with lung fbrosis . On the other hand, type I IFN efects on 
endothelial cells include the increased expression of MxA (marker of type I IFN activity) and 
interferon regulatory factors (IRGs), which correlate with the presence of digital ischemic ulcers. 
Also, human dermal microvascular endothelial cells (HDMVECs) and fbroblasts stimulated with 
IFN and IFN show increased vessel permeability, increased expression of alpha smooth muscle 
actin (-SMA), connective tissue growth factor (CTGF), transforming growth factor beta 2 (TGF-
2), and endothelin 1 (ET-1), via downregulation of friend leukemia integration 1 transcription 
factor (Fli1) and downregulation of vascular endothelial cadherin (VEcadherin) .Finally, type I 
IFN stimulates the expression of TLRs on DCs and fbroblasts; this leads to increased 
infammatory cytokine production by fbroblasts. For instance, type I IFN induces fbroblasts to 
increase IP-10 production, a profbrotic chemokine that has been associated with severe SSc 
subtypes. Additionally, positive feedback has been demonstrated between type I IFN and TLR 
expression, since TLR3 stimulation with its ligand poly I:C also induces upregulation of type I 
IFNs and IFN2 responsive genes on fbroblasts. It is also known that the number of plasmacytoid 
dendritic cells (pDCs) is increased in the circulation of SSc patients, and they secrete large 
amounts of CXCL4 [50], a chemokine associated with transition from epithelial to mesenchymal 
cells, the activation of endothelial cells, inhibition of regulatory T cells, and induction of T17 
cells. On the same line, a murine model showed that IL-33, an alarmin of the IL-1 family related 
to infammation and fbrosis, favours IL-13-dependent lung Another group showed that TLR4-
defcient mice developed less tissue fbrosis, decreased polarization of T17 responses, and 
decreased TGF- in the bleomycin-induced fbrosis and the tight skin models .It is unknown 
whether IL-33 can induce fbrosis by this or another pathway in SSc patients. One of these 
pathways could be the production of profbrotic cytokines by type 2 innate lymphoid cells. 
Proliferation and function of these cells are stimulated by exposure to cytokines with epithelial 
alarmin function such as IL-33 and IL-25, both elevated in patients with systemic sclerosis, and 
they can produce profbrotic cytokines (IL-4 and IL13), so they could participate in the 
pathogenesis of this disease. Tere is controversial evidence on the abundance and relevance of 
these cells in patients with systemic sclerosis [53, 54]; however, in a murine model of pulmonary 
fbrosis it was found that the IL-13 derived from these cells increases the deposit of collagen by 
the fbroblasts and induces the diferentiation of macrophages towards a profbrotic phenotype 
[55]. Evidence of the involvement of macrophages in the pathogenesis of systemic sclerosis is 
extensive. Infltrates of CD68+ cells (macrophage marker) CD163+, CD204+ and an M2 



macrophage markers panel were found in the perivascular regions and between the collagen 
fbers of patients with SSc. Increased CD14+CD163+CD204+ cells have also been found in 
peripheral blood of patients with SSc, as well as increased markers of macrophage migration and 
activation (CCL18 and CD163) in microarrays of lung tissue from patients with progressive 
pulmonary fbrosis [41]. Macrophages can also be stimulated through TLRs and their activation, 
particularly that of so-calleG�0��RU�³DOWHUQDWLYHO\�DFWLYDWHG´�PDFURSKDJHV��ZRXOG�OHDG�WR�WKH�
production of profbrotic substances such as IL-13, TGF, platelet-derived growth factor (PDGF), 
and chemokines such as CCL19 which stimulates the activation of macrophages.  

2.1.2. Adaptive Immune System.  

T lymphocytes are also found in infammatory infltrates in tissues of patients with SSc; they 
display higher expression of activation markers and there is evidence indicating that they express 
a rather oligoclonal repertoire of T cell receptors, suggesting an antigen-mediated expansion 
[56]. T2 cells, producing IL-4 and IL-13, and T17, producing IL-17, have been found to be 
increased in both skin and peripheral blood of patients with SSc, particularly in patients with the 
difuse form of the disease. Te cytokines they produce have important profbrotic and 
proinfammatory functions; it is likely that these cells are activated by antigen-presenting cells 
such as dendritic cells . Te role of regulatory T cells is less clear since several studies have 
shown controversial results, but given that it is a very small population of cells, it is possible that 
its function and regulation, rather than its number, is what is found altered in this and other 
autoimmune diseases. B cells, on the other hand, are the producers of the autoantibodies 
characteristic of this disease, but we also know that these cells infltrate tissues and show 
increased activation markers such as CD19, CD21, costimulatory molecules, and B cell 
activating factor (BAFF). Tere is evidence in murine models that overexpression of CD19 
induces the production of cutaneous fbrosis and that the absence of B cells is associated with 
decreased fbrosis [58]. 2.2. Targeted Terapies for Infammatory Process 2.2.1. Type I Interferon 
Modulation. Interferons are pleiotropic cytokines that play a fundamental role as factors 
responsible for the immune response, mainly in bacterial and viral infections; however, they 
have also been strongly associated with the pathogenesis of SSc because of their notorious 
corUHODWLRQ�ZLWK�VNLQ�WKLFNQHVV�DQG�GLVHDVH�DFWLYLW\�ZKHQ�IRXQG�LQ�HOHYDWHG�OHYHOV�LQ�SDWLHQWV¶�
blood and sera [38]. Consequently, several clinical trials have been executed in order to test the 
potential benefts on directed anti-IFN treatments, as follows:  

����$QLIUROXPDE�ĺ�7\SH�,�,QWHUIHURQ�5HFHSWRU��'LVSOD\LQJ�SURPLVLQJ�UHVXOWV��DQLIUROXPDE�LV�DQ�
investigational human IgG1 monoclonal antibody that has been tested on a phase I trial to treat 
SSc [59]. According to Peng et al., this drug blocks the formation of the ternary 
IFN/IFNAR1/IFNAR2 signaling complex by sterically inhibiting the binding of IFN ligands to 
,)1$5��>��@��$W�WKH�VDPH�WLPH��UHJDUGLQJ�66F�SDWLHQWV��WKLV�DQWLERG\¶V�VDIHW\�SURIOH�LV�
considered favorable because of the mild to moderate adverse events triggered by it, which 
include upper respiratory tract infection, headache, diarrhea, and nausea.  

����0(',�����ĺ�$QWL-ILT7. Recently AstraZeneca conducted a phase I study of MEDI7734 on 
a human monoclonal antibody that binds to and causes temporary depletion of plasmacytoid 
dendritic cells (pDCs) in which the safety, drug levels, and pDC levels in patients with type I 



IFN-mediated autoimmune diseases were evaluated. pDCs are one of the main type I IFN 
sources [62]. No results have been published yet.  

�������5LWX[LPDEĺ�&'����5LWX[LPDE�LV�D�FKLPHULF�PRQRFORQDO�DQWLERG\��P$E��WKDW�WDUJHWV�
CD20, which is expressed from pre-B cell stage to the pre-plasma cell stage . In systemic 
sclerosis, there is evidence that suggests this drug has an antifbrotic efect , as well as potential to 
improve infammatory alterations  and lung function , which characterize several SSc 
PDQLIHVWDWLRQV��$FFRUGLQJ�WR�*LXJJLROL¶V�OLWHUDWXUH�UHYLHZ��DIHU�VL[�PRQWKV�RI�ULWX[LPDE�
treatment in patients with either lcSSc or dcSSc, there was clear improvement of both articular 
and skin SSc manifestations, as well as a safety profle and tolerance; more specifcally, it has 
been documented that the number of swollen and tender joints was markedly reduced afer 
treatment, skin sclerosis improved signifcantly (specially in patients with difuse cutaneous 
involvement), and, similarly, other skin and joint manifestations mitigated, such as 
melanodermia, pruritus, calcinosis, and arthritis .  

�������%DVLOL[LPDEĺ�,/-2R. Basiliximab is a chimeric mAb directed against the chain (CD25) of 
the IL-2 receptor that has recently been proposed for the treatment of SSc based on the latest 
discoveries regarding the crucial role of efector T cells in this disease, particularly T-17 and T 
regulatory subsets . As stated by Schmidt et al., skin involvement, lung fbrosis disease 
progression, and mortality in systemic sclerosis couldbe ameliorated by the treatment with this 
drug, since they are strongly correlated with serum levels of soluble IL-2 receptor [68]; regarding 
side-efects, the ones recorded are mostly minor and, in general, therapy with basiliximab was 
well tolerated in an open-label SSc study .  

�������(IDOL]XPDE�ĺ�/)$��,&$0-1. The binding of leucocyte function associated antigen 1 
(LFA-1) to intracellular adhesion molecule 1 (ICAM-1) is a key step in the migration of T 
lymphocytes through the endothelial lining of the vascular system during infammation in skin 
disorders [69]. In the presence of efalizumab, a humanized recombinant IgG1 monoclonal 
antibody, the -subunit of LFA-1 (CD11a) is targeted; thus, the interaction between LFA-1 and 
ICAM1 is blocked, hence hindering T-FHOO¶V�DFWLYDWLRQ��PLJUDWLRQ�LQWR�WKH�VNLQ��DQG�F\WRWR[LF�
functions [12]. Tis mechanism of action seems attractive for systemic sclerosis treatment, since 
increased numbers of T lymphocytes are usually found in dermal infltrates in this disease. 
Currently, efalizumab is approved to ameliorate the size and severity of skin lesions in patients 
with psoriasis, and it has shown sustained long-term response [70]. No SSc clinical trials have 
been published.  

�������$EDWDFHSWĺ�&7/$���$EDWDFHSW�LV�D�UHFRPELQDQW�&7/$�,J�IXVLRQ�SURWHLQ�WKDW�LQKLELWV�7-
cell activation by selectively modulating costimulation it binds to CD80 or CD86 on the T-cell 
surface. It has been approved for the treatment of arthritis [71], and it is proposed that its efects 
on inhibition of T-cell activation may be efcacious in dcSSc . Tere is also evidence that suggests 
that this drug could be safe and efective in patients with refractory polyarthritis secondary to 
scleroderma .  

�������$,06352�ĺ�06+��,/����&&/���2WKHUZLVH�NQRZQ�DV�K\SHULPPXQH�FDSULQH�VHUXP��
AIMSPRO is a polyclonal antibody that contains mainly caprine immunoglobulins as well as 



cytokines, including IL-4 and IL-10, proopiomelanocortin, arginine vasopressin, -endorphin, and 
corticotropin-releasing factor . Tis drug could potentially modulate serum levels of relevant 
F\WRNLQHV��5HVXOWV�LQ�4XLOOLQDQ¶V�WULDO�RQ�$,06352�WUHDWPHQW�LQ�VFOHURGHUPD�VKRZHG�SRWHQWLDO�
beneft in skin tightness in late cases as well as improvement in overall pain, which is presumably 
of clinical importance since pain related to tissue ischaemia, infammation, and intermittent 
UHOHDVH�RI�QHXURSDWKLF�PHGLDWRUV��SUHVXPSWLYHO\��7H�GUXJ¶V�VDIHW\�SURIOH�Zas adequate, and it 
was well tolerated .  

2.2.7. Tocilizumab  IL-6R. Tocilizumab is a monoclonal antibody to the IL-6 receptor that has 
been tested for diverse SSc clinical manifestations, since an increased production of IL-6 in 
fbroblasts isolated from the afected skin of SSc patients has been documented .Tis pleiotropic 
cytokine has several signifcant roles in hematopoiesis, infammation, and immune homeostasis, 
as well as in T-cell growth and diferentiation; there is also evidence that elevated levels of IL-6 
are present in other fbrotic diseases such as keloid scars and lung fbrosis, among others. 
According to Ong et al., recent fndings suggest that therapeutic intervention in fbrotic pathways 
could be viable by IL-6 modulation, in addition to being a useful tool to promote immune 
tolerance in systemic sclerosis because of its regulatory efect in the balance between T17 and 
Tregs . Regarding clinical efectiveness, there is evidence that this drug highly improves joint 
parameters afer fve months of treatment, as well as skin involvement ; it has been reported to be 
efective in refractory polyarthritis and myopathy . Recent evidence in a phase 3 double-blinded 
clinical trial suggested mild skin improvement and stabilization of lung involvement . 

 2.2.8. AM09��DQG�6$5�������ĺ�/3$���/\VRSKRVSKDWLGLF�DFLG��/3$��LV�D�SKRVSKROLSLG�
growth factor that targets specifc G-protein-coupled receptors that have recently been associated 
with the pathogenesis of systemic sclerosis. It is generated at infammation sites or cell damage 
via autotaxin on lysophosphatidylcholine and other lysophospholipids and could possibly 
contribute to excessive tissue fbrosis, primarily through the activation of the LPA 1 receptor . 
SAR100842 is a low molecular weight, orally available selective inhibitor of LPA 1 receptor that 
DLPV�WR�DPHOLRUDWH�RU�HYHQ�UHYHUW�IEURWLF�SURJUHVVLRQ�LQ�66F��$FFRUGLQJ�WR�$OODQRUH¶V�UHVHDUFK��
there is important mRSS score improvement afer 24 weeks of treatment, which is of clinical 
signifcance; and it is an overall well tolerated drug in dcSSc patients, with mild to moderate in 
intensity adverse efects . Tere is also evidence that SAR 100842 lowers expression of 
fbrosisrelated genes in scleroderma skin fbroblasts . 

�������7$.����ĺ�7/5���$V�SUHYLRXVO\�VWDWHG��7/5��VWLmulation promotes the production of T1 
and T17 cytokines, and increased levels of this molecule and its ligands have been found in SSc 
patients. Dr. Varga research group has elegantly shown that TLR4 inhibition with TAK242 
prevents and induces regression of experimental fbrosis in bleomycininduced fbrosis and in 
TSK/+ mice. His fndings suggest that TAK242 might represent a therapeutic strategy for the 
treatment of SSc and other fbrotic diseases .  

��������,QHELOL]XPDEĺ�$QWL-CD19. Also referred to as MEDI-551, it is a humanized, afnity-
optimized, and afucosylated monoclonal antibody that binds to CD19 In 2014 a phase I clinical 
trial regarding the safety and tolerability of this drug was completed, in which Schiopu et al. 
determined that B-cell depletion should be further studied because of its signifcance regarding 



WKH�SDWKRJHQHVLV�RI�WKH�GLVHDVH�DORQJ�ZLWK�LQHELOL]XPDE¶V�SKDUPDFRG\QDPLFV��ZKLFK�FRXOG�
potentially become a highly beneficial disease-modifying treatment in SSc .2.3. Fibrosis. 
Fibrosis is the most prominent clinical feature of systemic sclerosis and, largely, the process that 
OHDGV�WR�WKH�GHWHULRUDWLRQ�RI�WKH�RUJDQV¶�IXQFWLRQ�DIHFWHG�E\�WKH���%LR0HG�5HVHDUFK�,QWHUQDWLRQDO�
disease. It occurs because of excess production of collagen and other extracellular matrix 
proteins in the connective tissue of various organs. Myofibroblasts, the main cells responsible for 
the production of the extracellular matrix in this disease, can have diferent origins. It has been 
suggested that they may come from endothelial cells (endothelium-mesenchymal 
transdifferentiation), from epithelial cells (epithelial-mesenchymal transdiferentiation), from 
bone marrow stem cells, from circulating fibrocytes, from fibroblasts already resident in tissues, 
and from resident stem cells in skin and subcutaneous cellular tissue .Endothelium to 
mesenchymal transdiferentiation has been elegantly studied by Dr. Sergio Jimenez and his group 
´ . In summary, it is proposed that the endothelial cell of a susceptible subject would be subjected 
to some initial insult that could be the presence of autoantibodies, reactive oxygen species, 
hypoxia, viral antigens, or own neoantigens; this initial insult would cause the abnormal 
activation of endothelial cells, which would undergo a transformation that would lead them to 
express more alpha smooth muscle actin (SMA), vimentin and type I collagen, and lower amount 
of cadherin and von Willebrand factor (vWF), converting them into collagen-producing cells 
similar to myofbroblasts. The epithelium has a very important role in the repair of injuries; in 
patients with systemic sclerosis there is evidence that the process of epithelial regeneration is 
altered. We know that there are many factors derived from the epithelium that infuence the 
behavior of fbroblasts; particularly endothelin 1 (ET-1) and TGF- have profbrotic activity. Tere 
is evidence that the epithelial to mesenchymal transdiferentiation process occurs in pulmonary 
fbrosis and that both ET-1 and TGF- participate in this process [83]. During 
epithelialmesenchymal transdiferentiation, epithelial cells lose their intercellular junctions and 
change their polarity, diferent surface markers are expressed, and there may be remodeling of 
their cytoskeleton to express a mesenchymal phenotype. Some in vitro studies have shown that 
alveolar epithelial cells can be transdiferentiated to mesenchymal cells . addition, some studies in 
murine models have shown that alveolar epithelial cells can coexpress markers of both epithelial 
cells and mesenchymal cells, including cadherin and -SMA . Another evidence in this sense is 
that, in the murine model of pulmonary fbrosis induced by bleomycin, pulmonary fbrosis is 
preceded by epithelial damage. Tis evidence suggests that epithelial damage is important in the 
pathogenesis of systemic sclerosis, at least for some organs, such as in pulmonary fbrosis and, 
most likely, the skin. Regardless of their origin, we know that fbroblasts have diferent functional 
phenotypes according to their location (dermis, subcutaneous cellular tissue, lungs, etc.) and can 
be distinguished by their gene expression profle and their functional activity. Depending on their 
microenvironment, they can produce diferent amounts of procollagen, fbronectin, proteases, 
collagenases, and other regulators of the extracellular matrix. For example, inactive fbroblasts 
express ET-1 and intracellular adhesion molecules 1 (ICAM-1), whereas fbroblasts exposed to 
mechanical stress in the microenvironment, a situation that occurs in systemic sclerosis, express -
SMA, TGF-, and genes associated with the production of extracellular matrix proteins. Tis 
phenotype is like that of fbroblasts exposed to an excess of TGF- signaling . Likewise, it is 
known that during diferent phases of tissue repair afer a lesion fbroblasts of diferent origin 



produce diferent amounts and types of collagen that infuence this process and that could be 
altered in patients with SSc .  

2.4. Targeted Terapies for Fibrosis  

�������,PDWLQLE��'DVDWLQLE��1LORWLQLE�ĺ�F-Abl, c-Kit, PDGF. Imatinib is a tyrosine kinase 
inhibitor (TKI) capable of blocking both PDGF and TGF-signalling pathways. It showed 
antifbrotic efects in SSc experimental models and then it was evaluated in small clinical trials 
[16]. Dasatinib and nilotinib, which are second-generation TKIs with higher afnity to Bcr-Abl, 
and their ability to block c-abl and PDGF were also evaluated for the treatment of dermal fbrosis 
in vitro and in murine models with promising results . Initial studies showed that low-dose 
imatinib had an adequate safety profle and a better tolerability than at high doses in the long term 
for SSc, Furthermore, while it had no signifcant efects on skin involvement in a phase II pilot 
study, it was efective when used to stabilize lung function in patients with SSc-ILD [88].  

2.4.2. CAT-����ĺ�7*)���$OVR�NQRZQ�DV�PHWHOLPXPDE��&$7-192 is a human recombinant IgG 
monoclonal antibody that specifcally counteracts the TGF-ß1 isoform in SSc. Despite its 
potential beneft via the inhibition of TGF-ß1, a multicenter, randomized, placebo-controlled 
phase I/II trial using this drug proved no efcacy and signifcant side efects, including mortality in 
patients that received the active treatment . 

�������)UHVROLPXPDE�ĺ�7*)��-2,3. Otherwise called GC-1008, fresolimumab is a monoclonal 
antibody that, unlike metelimumab, can target all isoforms of TGF and has yielded very 
promising results in SSc. Patients treated with this drug generally display expeditious declines in 
mRSS scores and infltration of myofbroblasts into the dermis, as well as in TGF-regulated 
JHQHV¶�H[SUHVVLRQ��%OHHGLQJ�LV�WKH�PDLQ�VLGH�HIHFW�WKDW�ZDV�UHFRUGHG�LQ�WKH�LQLWLDO�WULDO�>��@�� 

2.4.4. FG-�����ĺ�&&1���)*�����LV�D�VSHFLIF�,J*��PRQRFORQDO�DQWLERG\�WR�&7*)�WKDW�KDV�
shown potential in decreasing lung fbrosis and scarring according to recent research; however, 
no specifc trials have been conducted in SSc [19]. Treatment with FG-3019 is highly efcient in 
reducing the number of CD45-positive cells; it also has an antifbrotic efect similar to the genetic 
deletion of CTGF in collagenproducing cells, which ameliorates angiotensin II-induced skin 
fbrosis as well as infammation .BioMed Research International 9  

�������3����ĺ�7*)���3HSWLGH�����LV�WKH�DFHWLF�VDOW�RI�D���- mer peptide from human TGF1 type 
III receptor that was precisely designed to block the interaction between TGF1 and TGF1 type 
III receptor, consequently inhibiting its biological efects [90]. This drug has shown important 
antifbrotic activity in mice receiving repeated subcutaneous injections of bleomycin; however, 
P144 is still undergoing investigations regarding the treatment of skin fbrosis in patients with 
SSc [20].  

2.4.6. Anti-,QWHJULQ�9���$ELWX]XPDE��ĺ�7*)�$FWLYDWLRQ��7H�LQWHJULQ�9��LV�D�/$3-binding 
integrin, mostly expressed in epithelial cells adjacent to wounds [91], that is involved in the 
initiation of fbrosis and infammation by TGF activity. It promotes activation and diferentiation 
of fbroblasts into myofbroblasts, which causes abnormal extracellular matrix deposition, leading 
to the destruction of tissue architecture, scarring, and reduced function [92]. Truncation of this 



LQWHJULQ¶V�F\WRSODVPLF�WDLO��DVVRFLDWLQJ�ZLWK�WKH�F\WRVNHOHWRQ��SUHYHQWV�ODWHQW�7*)-1 activation, 
thus suppressing the fbrotic process [93]. More precisely, evidence from preclinical models of 
lung, kidney, and liver fbrosis proposes that inhibition of V6- mediated TGF- activation could 
potentially be useful to attend to multiple fbrotic disorders in humans [91] since specifcally 
targeting v6 may reduce the risk of interfering with the benefcial homeostatic control of 
infammation and immunity in the treatment of tissue fbrosis [94]. No clinical studies have been 
completed in this pathway at this time. However, it has been reported by Henderson et al. that V 
integrins collectively regulate the key profbrotic pathways during organ fbrosis [21]. Indeed, 
overexpression of integrin V consequently leads to TGF-overactivation in SSc dermal fbroblasts 
because of miR-��¶V�LQYROYHPHQW�DV�D�PRGXODWRU�RI�LQWHJULQ¶V�JHQHV�LPSOLFDWHG�LQ�WKis pathway, 
as well as miR-142-3p, which directly regulates the expression of integrin V, as stated by Li et 
DO��>��@��ZKRVH�ZRUN�LV�VXSSRUWHG�E\�7DQLJXFKL¶V�HSLJHQHWLF�VWXG\�RQ�EOHRP\FLQ�LQGXFHG�VNLQ�
fbrosis Fli-1 +/- mice, which proved latent TGF-  activation to be an V3 integrin- and V5 
integrindependent mechanism [96]. Regarding directed therapies on this pathway, abituzumab is 
a novel, humanized monoclonal IgG2 antibody to the v subunit that inhibits binding to v 
heterodimers, preventing ECM attachment, cell motility, and apoptosis, without cross-reacting 
with other integrins, which is elemental in inhibiting TGF- a key mediator of fbrosis [97]. 
According to the Clinical Trials registry, there was an ongoing randomized clinical trial on this 
drug which was recently terminated due to difculties in enrolling subjects under the eligibility 
criteria, not allowing for completion of the study within a reasonable time-frame [98]. 

 �������3LUIHQLGRQH�ĺ�71)��,/��7*)��3LUIHQLGRQH�LV�DQ�RUDOO\�DFWLYH�S\ULGRQH�VPDOO molecule 
with known antiinfammatory, antifbrotic, and antioxidant properties that has proven to reduce 
fbroblast proliferation and block TGF--stimulated collagen synthesis; it has been approved for 
the treatment of mild to moderate idiopathic pulmonary fbrosis, disease in which it was 
associated with modest improvement in function (IPF) [22]. According to Xiao, pirfenidone 
attenuates lung fbrosis by interfering with the hedgehog signaling pathway in SSc-ILD lung 
fbroblasts [99]; and consistent with the LOTUSS trial, it has an acceptable tolerability and safety 
profle in patients with SSc-IP [23]. Scleroderma Lung Study III, a pirfenidone clinical trial for 
SSc-ILD, is currently ongoing, and it will shed light on the possible indication of pirfenidone for 
this disease.  

�������1LQWHGDQLE�ĺ�9(*)��3'*)��)*)��1LQWHGDQLE��DOVR�NQRZQ�DV�%,%)�������LV�D�7.,�
targeting fbroblast growth factor (FGF) receptor, PDGF receptor, and vascular endothelial 
growth factor (VEGF) receptor, as well as Src-family tyrosine kinases [71], that is characterized 
by its broad spectrum of profbrotic targets, which likely ofers additive efects as compared with 
selective inhibition of individual profbrotic molecules [100]. As stated by Varga et al., there is 
evidence that this drug reduces dermal microvascular endothelial cell apoptosis and modulates 
the pulmonary vascular restoration by its efect on the number of vascular smooth muscle cells 
[73]; similarly, it has been confrmed to block proliferation and transformation of human lung 
fbroblasts, as well as collagen synthesis in skin fbroblasts from SSc patients .A clinical trial 
involving this molecule is currently ongoing (SENSCIS study)   



�����9DVFXORSDWK\��5D\QDXG¶V�SKHQRPHQRQ�DQG�YDVFXORSDWK\�DVVRFLDWHG�ZLWK�LW��UHQDO�FULVHV��DQG�
pulmonary arterial hypertension (PAH) are the classic vascular manifestations of scleroderma. 
Without a doubt, the endothelium plays a very important role in the initiation and perpetuation of 
vascular damage in this disease. It is known that the endothelial damage that occurs from early 
stages in SSc could lead to 3 paths: (1) Endothelial cell apoptosis, which can lead to blood vessel 
destruction, that decreased blood fow seen as capillary loss in capillaroscopy (2) Endothelial to 
mesenchymal transdiferentiation H[SODLQHG�SUHYLRXVO\�����(QGRWKHOLDO�FHOO�³DFWLYDWLRQ�´�ZKLFK�
refers to overexpression of chemotactic and vasoconstrictor substances such as ICAM-1, 
vascular adhesion molecule 1 (VCAM-1), E-selectin, and endothelin-1 (ET-1) on endothelial cell 
surface, leading to vasoconstriction and subendothelial fbrosis, as this process contributes to the 
development of intraluminal thrombosis and proliferation of the muscular layers, typical 
characteristics of vasculopathy in systemic sclerosis [82] Another prominent process in systemic 
sclerosis, as a reaction to the loss of blood vessel function and hypoxia, is neoangiogenesis. In 
SSc patients, angiogenesis is abnormal. Angiogenic factors such as PDGF, VEGF and its 
receptors, 10 BioMed Research International ET-1, TGF-, the monocyte chemoattractant protein 
1 (MCP1), and the urokinase-type plasminogen activator receptors are upregulated, despite the 
lack of adequate angiogenic responses in ischemic tissues in patients with SSc [.Likewise, 
counter-regulatory factors such as angiostatin and endostatin are persistently increased. Te 
regulation of these systems in patients with SSc is not completely understood. Te generalized 
vasculopathy in this disease has 2 variants of particular interest: the thrombotic microangiopathy 
that develops during renal crisis and is histologically indistinguishable from the changes 
produced in malignant hypertension and the plexiform lesions produced in the advanced phases 
of pulmonary arterial hypertension. 2.6. Targeted Terapies for Vascular Damage  

�������%RVHQWDQ��0DFLWHQWDQ�ĺ�(7�(7. Receptor. PAH has been treated for a long time now by 
using either bosentan or macitentan, two currently approved ERAs, which block both ET and ET 
endothelin receptors that mediate the detrimental efects of ET-1 in this particular disease in 
which the ET pathway plays a very important role . Bosentan has higher afnity towards ET 
receptors and essentially the same afnity for the ET receptors, and it occupies the orthosteric site 
of the receptor to block the action of ET-1 by sterically preventing the inward movement of 
transmembrane helix six of the ET receptor [103], mechanism that is expected to be preserved in 
the ET subtype. Aside from PAH, it has also been proven to reduce the number of new digital 
ulcers, even in patients with multiple ones, regardless of usage of calcium channel blockers, 
PDE-5 inhibitors or iloprost therapy, having a highly evident efect in patients with four or more 
digital ulcers at baseline in the RAPIDS-2 trial. Its efectiveness indicated no diference in either 
RI�WKH�GLVHDVH¶V�VXEVHWV��2Q�WKH�RWKHU�KDQG��PDFLWHQWDQ�ZDV�GHVLJQHG�WR�KDYH�LPSURYHG�HIFDF\�
and higher potency and selectivity over bosentan, and according to Davenport et al., that 
advantage is due to a longer receptor occupancy. Additionally, pharmacokinetic data have 
demonstrated that macitentan and its active metabolite both have a long elimination halflife of 
approximately 16 and 48 hours, respectively, which supports a once-daily dosing regimen [104]. 
It has been approved in more than 55 countries for the long-term treatment of patients with PAH 
as monotherapy or in combination with other PAH therapies, as was studied in the SERAPHIN 



7ULDO�>��@��7HUH�KDYH�DOVR�EHHQ�VHYHUDO�VWXGLHV�UHJDUGLQJ�ERWK�GUXJV¶�HIFDF\�RQ�WKH�IEURWLF�
component of the disease, more specifcally, pulmonary fbrosis with modest results [105].  

�������$PEULVHQWDQ�ĺ�(7�5HFHSWRU��$PEULVHQWDQ��ZKLFK�LV�PHDQW�WR�EORFN�WKH�DFWLRQ�RI�
endothelin-1 at the ET receptor, has been approved for the treatment of pulmonary arterial 
hypertension [106]. Tis selective ET antagonist was developed in an efort to allow vasodilation 
at the same time that vasoconstriction is being targeted. Te pivotal trials ARIES-1, ARIES-2 
[27], and AMBITION [107] proved its long-term beneft in idiopathic and SSc-associated PAH 
patients. Regarding pulmonary fbrosis, ambrisentan has not shown positive outcomes and is 
probably associated with an increased risk for disease progression , according to Raghu et al.  

�������6HOH[LSDJ�ĺ�,3�5HFHSWRU�$JRQLVW��6elexipag is an oral, selective IP prostacyclin receptor 
agonist that has recently been approved for the long-term treatment of PAH ,Due to its high 
selectivity, its pharmacokinetic properties, and the treatment regime that is followed, selexipag is 
considered to have a rather reliable safety profle, with minimal adverse efects, ranging from mild 
to moderate in severity, considering those associated with prostacyclin use [108]. Moreover, oral 
selexipag has been noted to aford wide dosing fexibility, which might enable reaching the 
PD[LPXP�WKHUDSHXWLF�HIHFW�ZLWK�DFFHSWDEOH�WROHUDELOLW\�LQ�SDWLHQWV��5HJDUGLQJ�5D\QDXG¶V�
phenomenon, there has been no evidence that suggests that this drug has a particular efect on 
reducing the number of attacks as shown by Denton et al.  

�������5LRFLJXDW�ĺ�*03F�$JRQLVW��5LRFLJXDW�LV�D�VROXEOH�JXDQ\ODWH�F\FODVH��V*&��PRGXODWRU�
with both vasoactive and antifbrotic efects. It is currently under evaluation for skin involvement 
in dcSSc patients in the RISE-SSc trial .It was approved to be used for the treatment of 
pulmonary arterial hypertension. Its safety and efcacy were established in the PATENT studies 
.It is important to note that, according to the PATENT-2 trial, survival of patients with PAH 
associated with connective tissue diseases (PAH-CTD) was similar to that seen in patients with 
idiopathic/familial PAH afer over 2 years of treatment, which is an important observation, as 
mortality for PAH-CTD has been previously reported to be higher than IPAH despite modern 
therapy, which iQGLFDWHV�WKLV�GUXJ¶V�WROHUDELOLW\�DQG�VDWLVIDFWRU\�FOLQLFDO�UHVSRQVH�� 

�������%DUGR[RORQH�0HWK\O�ĺ�1UI��DQG�1)-B. Bardoxolone methyl is a semisynthetic 
triterpenoid that upregulates antioxidant responses and suppresses proinfammatory signaling to 
reduce oxidative stress and infammation and promote mitochondrial function, through activation 
of Nrf2 (nuclear factor erythroid derived 2-related factor 2) and inhibition of NF-B (nuclear 
factor kappa-light-chainenhancer of activated B cells) [111]. It is currently being tested to treat 
several pathologies including pulmonary arterial hypertension, cancer, and kidney diseases. 
Preliminary results from the extension of the LARIAT study, a phase 2 study to evaluate the 
safety of bardoxolone methyl in PAH patients with diferent causes (NCT02036970), which 
included some patients with PAHCTD, showed good tolerance and sustained improvement in 6-
minute walk test (6MWT) for up to 32 weeks. CATALYST is a phase 3, double-blinded, 
placebocontrolled study to assess the safety and efcacy of bardoxolone methyl relative to placebo 
in patients with connective BioMed Research International 11 tissue disease-associated 
pulmonary arterial hypertension, to determine the change from baseline in 6-minute walk 
distance (6MWD) following 24 weeks of study participation (NCT02657356). Tis study started 



in October of 2016 and it is still active; it should be completed by mid-2020. 3. Conclusions 
Systemic sclerosis is an autoimmune disease of unknown etiology. Tere are still many questions 
in its pathogenesis, particularly in the complex regulation of infammatory and fbrotic processes, 
and in the factors that trigger its onset. Research eforts in this regard will allow fnding more 
efective treatments, directed against therapeutic targets suitable for the diferent phases and 
complications of this condition.  
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ANNEXURE-3  

SRI LAKSHMI NARAYANA INSTITUTE OF MEDICAL 
SCIENCES 

 

SYSTEMIC SCLEROSIS 

 
                      MULTIPLE CHOICE QUESTIONS            Annexure- III 

 
                                                              ANSWER ALL QUESTIONS             Course code: DR05 

 
 
  
 

1. Systemic sclerosis belongs to: 
 
A.endocrine disorder 
B.autoimmune disorder  
C.cardiac disorder alone 

            D.renal disorder  
 
     2.Most deaths from systemic sclerosis are due to involvement of the heart, lungs, and which      
of the following? 
 
           A.Skin 
           B.Esophagus 
           C.Kidneys 
           D.Lower GI tract 
 
   3.Systemic sclerosis is most common among which of the following age groups?  
 
           A.Age 6 mo to 3 yr 
           B.Age 10 to 16 yr 
           C.Age 20 to 50 yr 
           D.Age 60 to 75 yr 
 
  4.The most common initial symptoms and signs of systemic sclerosis include which of the 
following? 
           A.Dysphagia  
           B.Heartburn 
           C.Dyspnea 
           D.Raynaud syndrome 



 
  5.systemic sclerosis also known as?  
           A.multiple sclerosis  
           B.scleroderma 
           C.arthritis 
           D.Tb 
 
 6.systemic sclerosis mostly affects? 
 
           A.males 
           B.Children  
           C.females 
           D.all of the above 
 
7. systemic sclerosis  characterized by? 
 
           A.multisystem disorders  
           B.only dermatological manifestations 
           C.only cardiac 
           D.only renal 
 
8. Not a feature of systemic sclerosis?  
 
           A.negri bodies  
           B.ana antibodies 
           C.rheumatoid factor 
           D.anti topo-isomerase 1 
 
9.Not true? 
 

A. fibrosis of brain  
B. Fibrosis of heart 
C. Fibrosis of lung 
D. Fibrosis of GIT 

 
 
 
 

10. CREST does not include? 
 

A. Calcinosis 
B. Tumor  
C. Telengiectasia 
D. Raynaud 's phenomenon  





 





 



ANNEXURE-4 
Student Feedback Form 

Course Name: SYSTEMIC SCLEROSIS 
 
Subject Code:  DR05 
 
Name of Student: ___________________________    Roll No.:       
 
 We are constantly looking to improve our classes and deliver the best training to you. Your evaluations, 

comments and suggestions will help us to improve our performance 

 
 

 
Sl. 
NO 

Particulars 1 2 3 4 5 

1 
Objective of the course is clear       

2 
Course contents met with your 
expectations 

     

3 Lecturer sequence was well planned      

4 
Lectures were clear and easy to understand      

5 
Teaching aids were effective      

6 
Instructors encourage interaction and were 
helpful 

     

7 
The level of the course      

8 
Overall  rating of the course 

1 2 3 4 5 

* Rating: 5 ʹ Outstanding;   4 - Excellent;    3 ʹ Good;    2ʹ Satisfactory;    1 - Not-Satisfactory 
 
 
Suggestions if any: 
 

  
 
 
 
 

 
 

 
 
 
 

Signature 
Date:13-10-2017 
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Course completion letter 
 Date -17-10-17 

From,  
Dr. K. Harsha Vardhan  
Department of Dermatology  
Sri Lakshmi Narayana Institute of Medical Sciences  
Bharath Institute of Higher Education and Research, 
Chennai. 
 
Through Proper Channel 
 
To 
The Dean 
Sri Lakshmi Narayana Institute of Medical Sciences  
Bharath Institute of Higher Education and Research, 
Chennai. 
 
 

Sub: Completion of value-added course: systemic sclerosis  

Dear Sir, 

 With reference to the subject mentioned above, the department has conducted the value-added 
course titled:systemic sclerosis  on 20-8-17. We solicit your kind action to send certificates for the 
participants,that is attached with this letter. Also, I am attaching the photographs captured during the 
conduct of the course. 

Kind Regards 

 

Dr. K. Harsha Vardhan  

 

<HOD Sign and Seal> 

Encl:  Certificates 

 Photographs 

  



 



 




