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Abstract

In the study of autoimmune diseases, interactions among immune dysregulation, Keywords

microvascular dysfunction and extracellular matrix (ECM) remodeling can result in Extracellular Matrix:
damage to the organs. Changes in production, organization, cross linking and  Microvascular Remodeling;
Autoimmune Disease;

. . ) o Endothelial Dysfunction;
vascular flow, recruitment of inflammatory cells, and continued activation of stromal Histopathology;

degradation of matrix proteins can be caused by endothelial injury, alteration in

cells. These changes can lead to tissue stiffness, basement-membrane abnormalities, Fibrosis;

capillary rarefaction and fibrosis. This narrative review brings together evidence  Collagen Turnover;
Biomarkers;
Systemic Sclerosis;
erythematosus (SLE) and in particular lupus nephritis (LN) and rheumatoid arthritis Lupus Nephritis;

(RA), as well as associations between histopathological findings and biomarkers of Rheumatoid Arthritis.

regarding these mechanisms in systemic sclerosis (SSc), systemic lupus

interest. Classes of biomarkers that are being studied include proteins associated
with collagen turnover, matrix metalloproteinases (MMPs), tissue inhibitors of
metalloproteinases (TIMPs), transforming growth factor beta (TGF-p) related
markers, endothelial-activation markers, angiogenic factors, urinary inflammatory
proteins, and urinary renal-injury proteins. The evidence available suggests that the
ECMi biomarkers reviewed may be used in conjunction with the clinical and
histological evaluation; however, the majority of these are investigational or
context-specific. These factors cause disease heterogeneity, assay variation, and
systemic sources of analytes and challenges with differentiating active inflammation
from established disease structure, complicating interpretation. When tissue level
classification is needed, histopathology will continue to be important, and may be
supplemented by vascular assessment and biomarker panels, which can give additional
information regarding biological activity and its changes over time. For clinical
translation, a standardized assay is necessary, a longitudinal cohort, prespecified
histological endpoints, external validation, and added value existing beyond the
conventional clinical endpoints.
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1. Introduction

Autoimmune diseases involve immune dysregulation
and the presence of autoantibodies, autoreactive
lymphocytes, immune  mediated
inflammation. Other resident cells produce and

cytokines and

maintain the extracellular matrix which also influences
organ function, and the microvasculature. The ECM
does not just serve as an inert scaffold:; it controls cell
adhesion, differentiation,
mechanical signaling and growth factor availability.

migration,  survival,
Thus its composition and architecture can play a role
in tissue homeostasis and the development of chronic
diseases [1-6].

Chronic immunoinflammatory processes could damage
endothelial cells, modify vascular permeability, reduce
vascular perfusion and stimulate the activation of the
fibroblasts or other mesenchymal cell populations.
Repeated damage and re-repair in susceptible tissues
leads to excessive matrix deposition or abnormally
matrix degradation. These mechanisms are more
evident in systemic sclerosis (SSc) where there is co-
existence of vasculopathy and fibrosis and in lupus
nephritis (LN) where glomerular inflammation may co-
exist with chronic glomerular and tubulointerstitial
scarring. [7-17]

One of the most important clinical issues is to
differentiate between inflammation, active tissue
remodeling and irreversible structural damage. These
processes are tied together and not mutually
exclusive. A marker of inflammation that circulates in
the blood can be a sign of inflammation in other parts
of the body but not indicate which organ is involved.
Similarly, the change in a matrix-turnover marker does
not necessarily reflect a change in the net collagen
accumulation. Histopathology can show both acute and
chronic lesions, but a biopsy is a snapshot of a specific
area, at a specific time and could fail to reflect the
distribution or progression of the disease process. The
use of microvascular pathology, ECM remodeling,
is therefore not

histopathology or biomarkers

considered as an interchangeable source of evidence
for this review.

1.1 Aim and review questions

The purposes of the review were to (i) describe the
linkages between immune-mediated endothelial
damage and matrix remodeling; (ii) provide a summary
of the histopathological features of selected
autoimmune diseases; (iii) critically discuss candidate
inflammation and ECM turnover

biomarkers; and (iv) indicate areas of priority for

vascular injury,
clinical validation. This article is a narrative review,
rather than a systematic review or meta-analysis.

2. Review approach and scope

The literature search for this narrative synthesis is
based on published reviews, clinical biomarker studies
and literature focused on systemic sclerosis (SSc),
lupus nephritis (LN), renal fibrosis, and rheumatoid
arthritis (RA). Literature was systematically searched
on PubMed using relevant keywords to look for
publications on biological mechanisms, tissue findings
and the link between the biomarkers and clinical or
histological result. No systematic screening of the
literature was performed, but rather the literature
was chosen because of its relevance to the questions
to be answered in the review. The last update of the
search was made on 23 October 2026. Original data
from patients or laboratories are not reported; results
of the clinical trials are summarized qualitatively; no
averaging of results is reported.

3. Biological basis of microvascular injury and ECM
remodeling

3.1. Endothelial dysfunction and vascular injury
The endothelial cells play a role in vascular tone,
barrier function, hemostasis, leukocyte trafficking
and angiogenic responses. These functions can be
disrupted by cytokines, immune complexes, activation
of complement, autoantibodies, oxidative stress and
local tissue-derived signals, which are mediated by
autoimmune inflammation. This results in a phenotype
with increased permeability, expression of adhesion
molecules, activation or apoptosis of endothelial cells,
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changes in the regulation of vasomotor mechanisms,
and a prothrombotic surface. Microscopic damage to
the small blood vessels of the skin (microvascular
abnormalities) in SSc can be seen clinically by nailfold
videocapillaroscopy (NV) which shows enlarged
capillaries, microhemorrhages, capillary loss, and
unorganized neoangiogenic loops. [18-26]

Damage to the vessels can be accompanied by a lack of
repair. The activation of these angiogenic signals might
be present, but insufficient, meaning that there is a
balance between proangiogenic and antiangiogenic
pathways, not just a lack of the proangiogenic pathway.
Abnormal vascular architecture and decreased
capillary density may help develop decreased local
metabolic stress and hypoxia. All this can stimulate
fibroblasts and change matrix-regulating enzyme

expression, which can lead to a vicious cycle between

Collagen
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vascular injury and structural remodeling. [7,8,10-
12,18,19,23-27]

3.2. ECM components and tissue mechanics

Fibrillar collagens, basement-membrane components,
elastin, fibronectin, laminins, proteoglycans, and
associated matricellular proteins are found in the
extracellular matrix. Collagens I and IIT make up the
interstitial tissues and collagen IV and laminins are
prominent constituents of the basement membrane.
Fibronectin (FN), proteoglycans and other proteins of
the matrix help to attach and move cells, regulate
tissue hydration, and bind signaling molecules. The
azotea of glomeruli, tubules and interstitia of the
kidney contain different components of ECM, and its
location of deposition is biologically important. Major
components of the ECM and selected functions are

summarized in figure 1 [1-6].
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Figure 1. Schematic overview of major ECM components and selected functions.

Remodeling consists of matrix synthesis, proteolysis,
cross-linking and spatial reorganization. Too much or
too early deposition can affect tissue stiffness and
mechano-transduction, while excessive or improper
degradation can lead to the release of fragments that
act as signhaling molecules, and the disruption of

basement membranes. Pathological accumulation or
of the
consequences of this are related to injury stage, cell

degradation matrix is possible; the
type, tissue compartment, and matrix substrate as

well as enzyme activity [4-6,28-30].
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3.3. Profibrotic signaling and matrix turnover
Transforming growth factor-p (TGF-p) is a prominent
profibrotic mediator that has been shown to induce
myofibroblast differentiation and expression of other
components of the matrix and collagen. There are
other pathways besides platelet derived growth
factor which can modify the response, such as
connective tissue growth factor, interleukin related
signaling, oxidative stress and mechanical signaling.
Chronic fibroblast activation increases the production
of matrix, and may decrease the ability of the tissue
repair.
contribution to specific diseases and organs. [12-
14,27,31-35]

These pathways vary in terms of their

There are a number of ECM substrates that are
broken down by MMPs and their activity is regulated
by TIMPs. However, even though there is a higher
concentration of MMP, it does not necessarily
translate to a higher level of enzyme activity and a
high concentration of MMP does not necessarily
indicate a decrease in net fibrosis. The activity of

other types of proteases, abundance of inhibitors, and

availability of their substrates, localization, and
enzyme activation all affect matrix turnover. Thus,
the interpretation of MMP/TIMP profiles needs to be
made with caution and as a specific fibrosis test alone

should not be used. [4,28,29]

3.4. Bidirectional interaction between vasculature
and matrix

Abnormalities in the blood vessels and the matrix may
reinforce each other. Changing the endothelial barrier
may impact stromal signaling and recruitment of
inflammatory cells, potentially impacting endothelial
adhesion, migration and survival. Additional profibrotic
responses can be caused by matrix stiffening,
basement-membrane disruption, hypoxia, and tissue
injury. It is a model which is especially important in
systemic sclerosis, but cannot be generalized to other
autoimmune conditions. Different diseases, organs and
stages different
inflammatory lesions dominate in one; microvascular

have dominant  processes:
abnormalities dominate in another; and chronic matrix
accumulation dominates in another. These pathways

are summarized in Figure 2 [7, 8, 10-14, 23, 271].
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Figure 2. Conceptual model linking autoimmune inflammation, microvascular dysfunction, and extracellular matrix
(ECM) remodeling.

4. Histopathological patterns in autoimmune organ damage
4.1. Systemic sclerosis: vasculopathy and fibrosis.

The characteristic features of SSc are a combination of
abnormalities of small blood vessels, abnormalities of the
immune system, and fibrosis (scarring) of the skin and
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internal organs, which vary among people with SSc.
Histological changes can be endothelial damage, intimal
thickening, luminal narrowing, capillary rarefaction, collagen
accumulation in the dermis and distortion of adnexal
structure. The severity of inflammation is variable and
fibrosis

inflammatory infiltrates. There is a close but complex

may develop without significant apparent
relationship between vascular injury, immune activation and
fibroblast biology, as highlighted by recent reviews. [7-

11,20-26,34]

Nailfold videocapillaroscopy is a non-invasive method of
acquiring data on peripheral microvascular architecture,
which can help with the characterization of disease, but
cannot entirely supplant tissue histopathology, and cannot
directly measure fibrosis in internal organs. A skin biopsy will
provide information on the degree of changes in the matrix
for the skin that has been sampled, but not the degree of
involvement in the lungs, kidneys or heart. Assessment in the
organ with which the child is involved is still required [21,24-
261].

4.2. Lupus nephritis: active lesions and chronic scarring

Active lesions
(inflammatory and potentially reversible)
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Lupus nephritis (LN) is a renal manifestation of systemic
lupus erythematosus (SLE) and immune-complex mediated
injury may result in inflammation and structural damage
within various renal compartments. Histologic changes that
may be seen in the biopsy specimen may consist of mesangial
and/or endocapillary proliferation, capillary wall changes,
necrosis, crescents, immune deposits, glomerulosclerosis,
tubular atrophy, and interstitial fibrosis. The clinical
implications of the active lesions versus the chronic lesions
differ: active inflammatory ones might be amenable to
treatment, while chronic fibrosis and sclerosis signify that
the structural damage is less easily reversed [15,16,30,36-
41].

The focus is on activity vs chronicity; one of the main
reasons for conducting studies using circulating and urinary
markers. There are many different candidate markers,
study designs, endpoints and evidence quality in the
literature. Biomarkers should therefore be wused in
conjunction not in lieu of clinically indicated biopsy.
Comparing active lesions with chronic structural damage, as
shown in Figure 3, there are significant differences between

the two [15-17,30,36,38-40,42,43].
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Figure 3. Schematic distinction between active lesions and chronic structural damage.
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4.3. Rheumatoid arthritis: matrix degradation and
synovial remodeling

In rheumatoid arthritis (RA), synovial fibrosis is an
ongoing process that leads fo activation of synovial
fibroblasts, which leads to cartilage degradation as
well as bone erosion and changes in the joint
architecture. Collagen, aggrecan and other matrix
molecules are  broken down by  matrix
metalloproteinases (MMPs) and ADAMTS proteases.
Damage-associated fragments of matrix may also be
signals that initiate or amplify innate immune
pathways. A review was published in 2026 that outlines
the matrix stiffening, matrix degradation,
inflammatory amplification, and reinvigorated matrix
stiffening continuum as well as the potential for ECM-
derived markers as disease monitors [44-48].

The relationship between ECM pathology and fibrosis
is shown with RA. The type of injury to matrix may be
destructive degradation, abnormal deposition, altered
mechanisms or a combination of the above, depending

Systemic lupus erythematosus

(lupus nephritis)

Immune complex :;

on the tissue type. Therefore, the interpretation of
biomarkers needs to be done with respect to the
investigated tissue and remodeling process. [4,28,44-
48]

4.4, Organ-specific interpretation

The same biomarker can mean something else when
found in the skin, kidney, lungs or synovium. The
glomerular basement membrane, mesangial matrix,
tubular basement membrane, interstitial matrix and
vascular ECM are separate ECMs in renal tissue. The
lung disease associated with SSc can be characterized
by both interstitial matrix accumulation and vascular
disease, while cartilage and matrix degradation can be
more prominent in RA than interstitial fibrosis. The
pathway analysis between different diseases can help
detect common pathways but not assume a threshold
for a biomarker between organs. Selected disease
associated patterns are compared in figure 4
[7,15,16,20,44-48].
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Figure 4. Cross-disease comparison of dominant tissue-remodeling patterns.
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5. Biomarkers: categories, interpretation, and
limitations

5.1. Collagen formation and degradation products
Collagen neoepitopes and fragments are not a direct
measure of the amount of collagen in tissue but rather
indicate specific collagen-formation or collagen-
degradation processes. They must be able to detect
remodeling, as opposed to native scars, for each
analyte, assay, disease and tissue endpoint. There have
been additional proposed validations of type IIT and
VI collagen-remodeling markers to tissue endpoints in
lupus nephritis published. These results will encourage
further research, yet do not provide a test on its own
which could be used as an alternative to biopsy
[36,42,43,49 50].

5.2. MMPs and TIMPs

MMPs and TIMPs are relevant in a variety of
mechanisms such as matrix turnover, basement-
membrane integrity, inflammatory migration and
repair. Due to
differences in proenzymes and active enzymes, tissue

tissue overlapping substrates,
specific expression and endogenous inhibitor effects,
and their clinical interpretation is complicated. The
utility of a panel, representative of selected MMPs and
TIMPs, is greater than one marker, however clinical
utility needs to be proven in a prospective study.

[4,28,29]

5.3. TGF-p and other profibrotic mediators

The involvement of the TGF-p signaling pathway in
fibrotic diseases has been studied and is involved in
systemic  sclerosis and renal disease. The
concentrations in the circulation do not necessarily
reflect local activity but might also be affected by the
way the samples are handled and by the tissue source
of the analytes. Thus, these measurements should be
considered as indirect, rather than quantitative
markers of organ fibrosis along the pathways. In 2026,
a pathologist-driven review of lupus
identified TGF-pl as a

biomarker with supporting evidence, and emphasized

nephritis

biomarkers candidate

the need for further studies for validation prior to
clinical use [12-14,27,31-36].

5.4. Endothelial activation and angiogenesis

Candidates for the vascular markers include von
Willebrand factor, soluble adhesion molecules, and
mediators  associated with the process of
angiogenesis, such as VEGF signaling. These analytes
are not specific to autoimmune vascular injury, but
rather may reflect endothelial activation or some type
of vascular repair. They can be affected by systemic
inflammation, cardiovascular diseases, drugs and other
causes of endothelial stress. For this reason, vascular
biomarkers can be used in addition to clinical signs and
symptoms, capillaroscopic or organ-specific evaluation

in SSc. [18-20,24-26]

5.5. Urinary and circulating biomarkers in lupus
nephritis

Cytokines, chemokines, complement-related analytes,
immune-cell associated proteins, renal injury markers,
and molecular signatures are examples of the factors
studied by LN biomarker studies. The advantages of
urinary biomarkers are that they could reflect kidney
processes, but there can be factors that affect the
concentration of the biomarker in the urine, such as
filtration, tubular handling, proteinuria, renal function,
and normalization of the urine. A systematic review of
LN biomarkers identified the wide range of potential
markers and the necessity for further validation of
the markers in diagnosis, monitoring and prognosis.
Another pathologist-centric evaluation of the studies
also noted that many of the studies were of limited
quality methodologically and that there is a need to
replicate the relationship between biomarkers and
lesions. [15,17,36-43]

5.6. Interpreting a biomarker panel

A biomarker panel must be in response to a specific
clinical question, for example to detect active
inflammation, to estimate structural fibrosis, to
monitor response, or fo predict progression. Having
markers in multiple biological domains can have
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advantages in characterization; however, it can also be
expensive and create an issue of over fitting. Panels
need to be prespecified, and need to be validated and
use standardised assays and reference standards.
They must add value, which needs to be proven and not

taken for granted, over existing clinical details. The
conceptual map in Figure 5 connects the classes of
biomarkers to the [18-
20,23,36,42,43,49,501.

biological  domains

1. Autoimmune inflammation 2. Microvascular dysfunctlon 3. ECM remodeling 4. Tissue and organ damage
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* KL-6, surfactant proteins (SP-A, SP-D)
* MMP-7, MMP-9, TIMP-1

« TG, periostin

« Type 8 procollagen (PHIINP)

» CXCLY, CxCL10
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« Proteinuria (albumin, NGAL)
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« Type IV colagen, type VI collagen fragments
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* Pentraxin-3, BAFF, complement C3/C4
7 @
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« Endothelin-1, VEGF )
* Soluble adhesion molecules (ICAM-1, VCAM-1) 4

. Al(ered synmesns and degradation
* Fibroblast / myofibroblast activation

+ Imbalance of MMPs and TIMPs

* Excessive ECM deposition and cross-finking
+ Basement membrane alteration
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* Architectural distortion
+ Loss of organ function
« Irreversible tissue remodeling

Selected

High-sensitivity troponin (hs-cTn)
NT-proBNP
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Galectin-3, ST2

TGF-B1, periostin

Selected biomarkers:

Calprotectin

* MMP-7, TIMP-1

* Type Nl collagen fragments
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* Inflammatory cytokines (IL-6, TNF-a)
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* MMP-3, MMP-9

« TIMP-1
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Figure 5. Conceptual biomarker map.

Table 1. Candidate biomarker classes and their interpretive role

Biomarker class

Biological domain

Potential role

Key limitation

Collagen remodeling

ECM formation/degradation

Research assessment of

May not distinguish net

regulation

remodeling pathways

fragments fibrosis and matrix turnover | deposition from degradation
without analyte-specific
validation

MMPs/TIMPs Proteolysis and matrix Characterization of Concentration may not

reflect active enzyme
function

TGF-p-related mediators

Profibrotic signaling

Study of fibrotic pathway
activity

Circulating level may not
reflect local tissue signaling

vWF and soluble adhesion
molecules

Endothelial activation

Assessment of vascular
stress

Limited specificity for
autoimmune vascular injury

VEGF-related mediators

Angiogenesis and vascular
repair

Study of vascular repair
imbalance

Levels do not directly
measure functional perfusion

Urinary cytokines/renal
injury proteins

Renal inflammation and injury

Potential monitoring of LN
activity

Influenced by renal function,
urine concentration, and
assay methods

ECM fragments in RA

Cartilage/synovial matrix
degradation

Potential disease monitoring
and response assessment

Tissue and disease specificity
are essential

These are biomarker categories that are candidates for research; they are not meant to be a list of clinically validated tests.
They must be validated for the specific analytes they need to be used with, and proven to be clinically useful [18,19,30,36,42-44,49,501].
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Table 2. Histopathology and complementary assessment across selected autoimmune diseases

Disease/organ context

Representative tissue
findings

Complementary
assessment

Important interpretive
issue

Systemic sclerosis, skin
and small vessels

Dermal collagen
accumulation; vascular
narrowing; capillary loss

Clinical vascular
assessment; nailfold
videocapillaroscopy;
organ-specific testing

Peripheral
microvascular findings
do not quantify
internal-organ fibrosis

Lupus nephritis

Glomerular
inflammation; immune
deposits; sclerosis;
tubular
atrophy/interstitial
fibrosis

Renal function, urine
findings, serology,
selected urinary
biomarkers

Activity and chronicity
are distinct and may
coexist

Rheumatoid arthritis,
synovium/ joint

Synovitis; cartilage
matrix degradation;
erosive structural
damage

Clinical disease activity;

imaging; selected ECM
degradation markers

Matrix degradation and
fibrosis are not
interchangeable
processes

Autoimmune interstitial
lung involvement

Inflammation and/or
interstitial matrix
accumulation with
variable vascular

changes

Pulmonary function
tests and appropriate
imaging

Imaging and circulating
markers cannot fully
substitute for tissue-
specific validation

These are the conceptual similarities between the selected autoimmune diseases and are meant to be used in
conjunction with the diagnostic criteria of the individual diseases and the literature [7,15,16,18-21,26,30,36,44-48].

6. Correlating histopathology with markers

Histopathology is a technique used to determine the
severity, pattern and location of damage to the tissue
in the sample. Biomarkers can be measured repeatedly,
but are less anatomical in nature and vascular imaging
or capillaroscopy give information on structure or
function in selected vascular beds. When these
methods do answer specific clinical questions, they are

helpful when used together [15-17,21,26,30,36,42,43].

Histological activity and chronicity indices of the lupus
nephritis are reference endpoints for validation of the

biomarker. When assessing candidate vasculitis

markers in systemic sclerosis, one should keep in mind
the specific vascular features and not general disease
labels or other categories. For RA, markers derived
from the ECM should be compared to markers of joint
damage or response to treatment that have been
validated. Correlation with a histologic characteristic
does not prove the applicability of a biomarker to the
diagnosis instead of or to enhance the patient
outcome. A schematic overview of the integrated
approach of the histopathology, vascular assessment
and biomarker profiles is summarized in figure 6 [15-
18,30,36-501.
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A. Histopathological assessment B. Vascular assessment C. Biomarker profiles
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» Chronicity and fibrosis (scoring indices where applicable)

« Disease-specific histological classification (e.g., ISN/RPS in lupus nephitis)

« Vascular abaorm . ks | « Kooy, NGAL, K1, schitie CO163, BAFF
 Organ-specic involvernant » Lung KL6, SPA SP-D
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E. Clinical applications
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(diagnosis and phenotyping) 4 (risk of organ damage) (improved outcomes)

Figure 6. Integrated framework combining histopathology, vascular assessment, and biomarker profiles.

, . 7.3. Confounding and tissue specificity
7. Evidence gaps and translational challenges , .

. . . Biomarker levels could be affected by a variety of
7.1. Cross-sectional designs and causal uncertainty : ) )
. Lo factors, such as age, renal function, infection,
Cross-sectional associations do not allow for the . . o .
cardiovascular disease, medication usage, and systemic

inflammation. It is important to consider factors of
dilution and renal handling when considering urinary

assessment of temporal sequence and/or changes in
biomarker prior to, during, and after tissue damage.

Longitudinal cohorts, where repeated measurements . i
. measurements. A biomarker which works well for one

have been taken, and clinical outcomes are well ]

organ or disease type should not be presumed to work

defined, are required for evaluation of predictive for another type. [18,19,36 42 43]

performance [17,36-40,42 ,43].

. . 7.4. Clinical utility and external validation
7.2. Analytical heterogeneity

There is no clinical utility if only a statistical
Studies are hard to compare if there are differences 4 Y

significance or biological plausibility. Discrimination,
in the assay platforms, handling of specimens, J gical P Y

o ] calibration, sensitivity and specificity and incremental
normalization procedures, reference intervals, or o

) ) . o o value over standard clinical measures should be
reporting units. Analytical validity, within-run and
between-run precision, limits of detection (LOD) and
the impact of relevant pre-analytical variables should

be reported in biomarker studies [18,19,36,42,43].

reported in the intended population in studies
reporting discrimination. External validation and
prospective evaluation of clinical impact is also needed.
Lupus nephritis biomarker reviews have emphasized
the heterogeneity of methods and limitations of the
current evidence. Figure 7 represents a possible
pathway in the validation of analytical performance
towards clinical utility [17,36-40,42,43].
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Figure 7. Developed validation pathway for candidate biomarkers, from analytical performance to clinical utility.

8. Future research priorities

Multicentre studies going forward could include
uniform histopathological scoring, organ outcomes
over time, and prospective collection of biomarkers.
Panels should answer specific clinical questions and be
of well-defined,
domains (e.g., endothelial

composed biologically relevant
inflammation,

ECM turnover) and not just be a compilation of

activation,

candidate analytes. There is a need for assay
harmonization and external validation prior to clinical
readiness [3-6,12-14,33,35,36,42,43].

Spatial
proteomics and matrix-based molecular profiling can
be used to help identify the cell types that make
particular ECM components, and to help understand

transcriptomics, single cell techniques,

the difference in signals between tissue
compartments. These strategies can be used to
formulate and test hypotheses, but yet independent
confirmation, analytical validation, and evidence for
added clinical value is required prior to translation [3-

6,12,33,35].

Another important aspect is to be able to separate
damage caused by past occurrences from ongoing
remodeling. Repeated measurement of ECM fragments

that are involved in matrix formation and/or
degradation, tfogether with organ-specific clinical
outcome, could be useful to elucidate these processes.
The change in biomarker levels should not be viewed as
a signh of histological regression or progression without

validation of this relationship [12-14,27,43,49 ,50].

9. Conclusion

The microvascular dysfunction and the structural ECM
remodeling are interrelated processes which also
contribute to organ damage in autoimmune diseases,
but to a varying extent depending on the disease and
tissue type. This can result in capillary rarefaction,
basement-membrane abnormalities, accumulation of
of matrix. Although
histopathology is important to classify tissue lesions,

matrix, or destruction
vascular assessment and biomarkers may offer
information
activity and/or change over time.

complementary regarding biological

Promising research areas include collagen-remodeling
fragments, MMP/TIMP systems, mediators of TGF-p,
endothelial markers, and urinary biomarkers, with the
latter areas needing further standardization and
clinical validation before they can be used routinely in
the clinic. While clinical translation will need to be
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achieved through an integrated, organ-specific
evaluation, long-term evidence, and demonstrated
incremental clinical value, this will require work [3-7,

12-14,18, 19, 27, 36, 42-44, 49, 50].
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