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Fibrosis is one of the causes of kidney allograft loss, especially late after transplantation (up to 65% incidence 
after 2 years). The purpose of this literature review is to analyze studies examining noninvasive monitoring 
techniques for renal graft fibrosis.
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Renal allograft fibrosis is a complex, dynamic and 
inevitable process that is the terminal stage of most pro-
gressive kidney transplant diseases. A number of studies 
have demonstrated that the progression of interstitial 
fibrosis is particularly noticeable in the first hours after 
transplantation (which may be a window for therapeutic 
intervention) and can be detected in kidney recipients 
even with good graft function [1]. Fibrosis can affect all 
parts of the kidney, namely the tubulointerstitium, the 
glomeruli (glomerulosclerosis) and the vessels (athero-
sclerosis and arteriolosclerosis).

In renal allografts, interstitial fibrosis and tubular 
atrophy are evaluated together because the two pheno-
mena almost inevitably occur in parallel [2, 3]. Interstitial 
fibrosis and tubular atrophy (IF/TA) (hereafter referred 
to as renal allograft fibrosis) is detected in approximately 
40% of renal allografts after 3–6 months and increases 
to approximately 65% of cases 2 years after transplanta-
tion; characterized by profound renal tissue remodeling, 
excessive formation/deposition of extracellular matrix 
fibrillar cells, which leads to impaired tissue architecture 
and microperfusion, which in turn reduces renal graft 
function [4]. In patients who return to dialysis therapy 
or require retransplantation, the most common cause 
of decreased allograft function is IF/TA, regardless of 
the primary cause of the transplanted kidney fibrosis. 
The degree of fibrosis affects kidney graft function and 
survival [5].

The clinical impact of IF/TA was first described  
in 2009 [6]. Several studies have highlighted the negative 
impact of this condition on major clinical outcomes, and 
it has also been suggested that IF/TA may be associated 
with inadequate immunosuppressive therapy and usually 
precedes chronic active T cell-mediated rejection [7].

New molecular and pathogenetic insights into the bio-
logical mechanisms associated with kidney graft fibrosis 
provide an opportunity to identify new potential bio-

markers and select new, clinically valuable therapeutic 
targets, which is a major goal of research in nephrology 
and organ transplantation.

mechaniSm Of fiBrOSiS
Native renal fibrosis and IF/TA in renal allografts 

probably have common mechanisms and pathophysio-
logy of the process. However, development of fibrosis 
in the renal allograft is a multifactorial process and may 
be a consequence of pre-existing pathology of the do-
nor organ, acute cellular, antibody-mediated (humoral) 
or mixed rejection crises, diabetes, ischemic and hy-
pertensive damage to the graft, chronic nephrotoxicity, 
cytomegalovirus infection, and the number of biopsies 
performed on the renal transplant [3].

At the initial stage of the profibrotic process inside the 
graft, inflammation is initiated, which is an integral part 
of the body’s defense mechanisms in response to dama-
ge. This phenomenon in the early stage of renal fibrosis 
is potentially reversible. However, if the fibrosis pro-
gresses, the extracellular matrix proteins undergo several 
biochemical modifications that make it irreversible [8].

The renin-angiotensin-aldosterone system (RAAS), 
hypoxia, acute cellular rejection and chronic inflammati-
on, etc., are involved in the pathogenesis of IF/TA. Some 
of these pathways are partially induced by immunosup-
pressive therapy [9–12].

Tubular and glomerular cells produce proinflamm-
atory cytokines depending on the etiology of kidney 
damage. In addition, inflammatory infiltrates (including 
neutrophils, macrophages, T cells and B cells) enhance 
the fibrotic process and, by activating endothelial cells 
of peritubular capillaries, can promote attraction of new 
interstitial mononuclear cells. Following neutrophils, 
macrophages infiltrate the damaged tissue, phagocytize 
and secrete fibrotic cytokines, leading to proliferation of 
fibroblasts and myofibroblasts, epithelial-mesenchymal 
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transition (EMT) [5, 13], excessive accumulation of ex-
tracellular matrix (ECM) and pathological proteins not 
normally identified in renal tissue [3, 14]. Macrophages 
are the main source of transforming growth factor beta 
1 (TGF-β1), a powerful chemoattractant for monocytes 
and macrophages, which play a major role in renal al-
lograft fibrosis [15].

As reported by Toki et al. in protocol renal allograft 
biopsies one year after transplantation, macrophage in-
filtration at 1 year correlated with renal dysfunction at 
1, 12 and 36 months posttransplant [16]. It is interesting 
to suggest that the assessment of macrophage infiltration 
at early renal transplant biopsy may have value for the 
subsequent prognosis of transplanted kidney function.

There are still debates about additional myofibroblast 
progenitor cells, including circulating cells originating 
from bone marrow, or about the transition from mac-
rophages, epithelial or endothelial cells [17, 18]. In the 
kidney, EMT describes the transition and cellular migra-
tion of polarized epithelial tubule cells across the basal 
membrane to apolar mesenchymal cells in the interstiti-
um. Mesenchymal cells can actively secrete components 
of extracellular matrix – collagens, fibronectin – which 
can contribute to scar formation [14, 19]. Evidence for 
EMT is convincing in studies conducted in vitro, but 
there is no such evidence in in vivo studies. Studies in 
rats have shown that EMT is involved in the develop-
ment of IF/TA, and it correlates with increased oxidative 
stress. A correlation between EMT 3 months after kidney 
transplantation and late graft lesions expressed in IF/
TA, observed 1 year after transplantation, has also been 
reported [9, 20, 21].

Other potential extracellular matrix-producing cells 
are fibrocytes, a multitude of circulating bone marrow 
monocytes with fibroblast-like properties, which, in the 
presence of profibrotic cytokines such as IL-4 and IL-
13, differentiate and infiltrate the renal parenchyma and 
participate in fibrogenesis [8].

The term “oxidative stress” refers to the damage 
caused by the accumulation of reactive oxygen species  
in cells and tissues [22, 23]. During this condition, cells 
undergo profound functional and morphological chan-
ges: hyperexpression of mesenchymal markers (vimen-
tin, smooth muscle alpha-actin, fibronectin), release of 
matrix metallopeptidase (MMP)-9 and -2, increased mo-
tility, decreased cytokeratin and E-cadherin levels and 
changes in heparan sulfate proteoglycans (HSPGs) [24, 
25]. The most abundant HSPGs on renal tubular epitheli-
al cells is syndecan-1, a factor that promotes renal tubule 
survival and repair after damage, and its level correlates 
with improved function of the injured kidney allograft. 
This factor appears to be regulated by several factors, 
including heparanase, endo-β-D-glucuronidase, which 
are involved in the pathogenesis of several renal diseases, 

especially in diabetic nephropathy, and are suggested  
to be involved in allograft pathology [26].

Kidney graft toxicity associated with immunosup-
pressive drugs, particularly calcineurin inhibitors, can 
provoke oxidative stress by disassociating the mitochon-
drial system of oxidative phosphorylation mediated by 
Ca++ increase [27, 28, 29]. Fibrotic changes that are se-
condary to these events can cause chronic graft hypoxia 
with activation of various biochemical mediators, inclu-
ding hypoxia-inducible factor, which activates a large 
number of target genes involved in the maintenance of 
homeostasis during hypoxia, such as vascular endothelial 
growth factor (VEGF), erythropoietin, epidermal growth 
factor receptor (EGFR) and platelet-derived growth fac-
tor (PDGF) [30].

All these events are accompanied by significant mor-
phological changes (including architectural changes  
in the renal tubules, apoptosis, defects in cell cycle pro-
gression, microvascular rarefaction) leading to tubular 
atrophy, a condition that has ever been associated with 
allograft fibrosis [31, 32].

diaGnOSiS Of renal allOGrafT fiBrOSiS
Instrumental methods. In renal allografts, ultrasono-

graphy and magnetic resonance imaging (MRI) are the 
two main instrumental methods for assessing fibrosis. 
There have been suggestions that ultrasound elastogra-
phy for tissue elasticity estimation, an approach that has 
been relatively well established in assessing liver fibro-
sis, correlates with fibrosis in renal allografts, but several 
investigators have found no such correlation [33].

MRI-based elastography is an alternative approach, 
but the first results of a study of renal allografts with 
fibrosis by this method showed that renal tissue stiffness 
changes much less in fibrosis than in the liver, sugges-
ting that elastography of transplanted kidneys may not 
be sensitive enough to assess fibrosis [34]. In the liver, 
tissue stiffness increases significantly with increasing 
fibrosis, whereas data on the stiffness and biomechanical 
properties of the kidneys at different degrees of fibrosis 
are lacking.

Pulsed-wave Doppler, in which a quantitative assess-
ment of blood flow (absolute parameters: maximum sys-
tolic blood flow velocity and final minimum diastolic 
velocity; relative parameters: resistance index and pulse 
index) in vessels on the curve that is reflecting Doppler 
frequency shift spectrum, performed in the post-trans-
plant period, is of great importance for prediction of renal 
transplant outcomes [35, 36]. In a study by Pykov M.I., 
it was shown that as IF/TA progressed, kidney graft 
function decreased, which was manifested in increased 
proteinuria, serum creatinine levels and decreased glo-
merular filtration rate (p < 0.001). At the same time, the 
more pronounced the fibrotic changes, the lower the peak 
systolic and end-diastolic velocities, resistance index and 
pulsatility index [37].
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Morphological analysis methods. To date, the most 
accurate method of imaging and diagnosis of kidney graft 
pathology is punch biopsy. Even when clinical evaluati-
on conclusively indicates the specific cause of allograft 
dysfunction, biopsy is still necessary to clarify the degree 
and severity of renal tissue damage and choose the most 
optimal treatment tactics [3, 20, 38]. In addition to bi-
opsy “by indication”, some centers perform biopsy “by 
protocol” to detect subclinical chronic conditions and 
track the progression of renal fibrosis, in particular, its 
quantitative assessment [5].

Servais et al. demonstrated that kidney transplant bi-
opsies obtained at day 0, month 3 and month 12 showed 
a rapid progression of IF/TA from 19% to 27% at month 
3 and 32% at month 12 after kidney transplantation [39]. 
Serum creatinine levels and glomerular filtration rate 
(GFR) played a limited clinical role in assessing histo-
pathological changes in the graft.

A kidney biopsy is an invasive method of diagnosing 
graft pathology, and the procedure also requires hospita-
lization. Like any invasive procedure, kidney biopsy also 
has a number of complications; therefore, noninvasive, 
sensitive and etiologically specific biomarkers for the 
diagnosis of pathological processes in a transplanted 
kidney are essential [40].

BiOmarkerS Of TranSPlanTed kidneY 
fiBrOSiS

The ideal biomarker should be noninvasive, reflect 
the degree and dynamics of renal fibrosis treatment, and  
be more sensitive than established other diagnostic  
and imaging techniques [41, 42]. It is important to note 
that at present, none of the identified markers is specific 
for transplanted kidney fibrosis, but rather may reflect 
other processes occurring in the body [43].
Transforming growth factor beta (TGF-β) is a cyto-

kine involved in the initiation of various cellular pro-
cesses (regulation of cell proliferation, apoptosis, cell 
migration and differentiation, leads to the synthesis of 
extracellular matrix proteins by myofibroblasts) and  
is the main mediator of renal fibrosis due to the EMT 
signaling pathway activation [1, 30, 44]. One of the three 
main isoforms, TGF-β1, has the greatest biological and 
pathological effect [45].

A review of the literature on the pathogenetic signi-
ficance of TGF-β in the development of renal fibrosis 
showed that TGF-β hyperactivation via signaling pa-
thways occurs in renal tissue damage of various origins 
[23, 45, 46]. It is likely that TGF-β expression may have 
prognostic significance in assessing kidney transplant 
survival [47]. The TGF-β gene has a significant poly-
morphism, which presumably may be responsible for the 
genetically determined cytokine activity and its associ-
ation with various diseases. A high-producing TGF-β1 

genotype in combination with other cytokines is a risk 
factor for chronic graft nephropathy [48, 49].

It has been experimentally shown that anti-TGF-β 
therapy in rats reduces chronic rejection [50], and my-
cophenolic acid can inhibit allograft fibrosis by sup-
pressing TGF-β effects [51]. TGF-β inhibition is not 
without potential serious side effects: firstly, TGF-β is a 
tumor suppressor, and its inhibition can accelerate tumor 
progression [52]. In vivo modulation of cyclosporine 
effects by altering TGF-β levels has been demonstrated 
to partially mediate the beneficial and undesirable effects 
of cyclosporine [53].
Galectin-3. The mechanism of action of galectin-3 

(a family of beta-galactoside-binding proteins) may vary 
depending on its localization: inside the cell, it helps 
protect cells from apoptosis; outside the cell, its action, 
on the contrary, promotes cell death [54]. It has been es-
tablished that at the site of damage, galectin-3 is secreted 
into the extracellular space, stimulating the process of 
fibrosis through activation and proliferation of resting 
fibroblast cells. There are new studies of the association 
of galectin-3 with kidney graft dysfunction in the long 
term after transplantation [55, 56]. Based on a retro-
spective analysis, it was shown that serum galectin-3 
levels were elevated in kidney transplant recipients, and 
independently associated with increased risk of late graft 
failure; the results were independent of donor, recipient, 
and graft characteristics, including GFR [21]. Further 
studies are warranted to evaluate whether galectin-3-
targeted therapy may represent a novel opportunity to 
decrease the high burden of late graft failure. Recipients 
with high galectin-3 levels, high systolic blood pressure 
(≥140 mmHg), and/or a history of smoking are at parti-
cularly high risk of kidney graft failure [21].
Platelet-derived growth factor (PDGF). In the PDGF 

family, three isoforms PDGF-B, -C and -D, as well as 
both receptors (a and b) are involved in the mechanisms 
of renal fibrosis [57, 58]. A study by E.M. Buhl et al. 
shows physiological PDGFR-β signaling in renal mesen-
chymal cells as important for normal renal development. 
PDGFR-β activation was sufficient to trigger progressive 
renal fibrosis, and this created a unique model to specifi-
cally study the effects, reversibility, and therapeutic in-
terventions in renal fibrosis independent of inflammation, 
hypertension, or epithelial or endothelial damage [59].
Vascular endothelial growth factors (VEGF) are po-

werful angiogenic factors produced by macrophages, 
fibroblasts, hepatocytes, endothelial and other cells [60]. 
They participate in activation, proliferation, migration 
and differentiation of blood and lymphatic vessel endo-
thelial cells by interacting with them through specific 
tyrosine kinase receptors [61].

Inflammation plays a crucial role in the initiation and 
development of renal fibrosis. Signal transduction via 
VEGF-C, VEGF-D, and VEGF receptor (VEGFR)-3 is 
a central molecular mechanism of lymphangiogenesis. 
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TGF-β induces peritoneal fibrosis in association with 
peritoneal dialysis and also induces peritoneal neoangio-
genesis through interaction with VEGF-A. On the other 
hand, TGF-β has a direct inhibitory effect on the growth 
of lymphatic endothelial cells. Hiroshi Kinashi proposed 
a possible mechanism of the TGF-β/VEGF-C pathway 
in which TGF-β promotes VEGF-C production in tubu-
lar epithelial cells, macrophages, and mesothelial cells, 
leading to lymphangiogenesis in renal and peritoneal 
fibrosis. Connective tissue growth factor (CTGF) is also 
involved in fibrosis-associated renal lymphangiogenesis 
through interaction with VEGF-C, in part by mediating 
TGF-β signaling. Further clarification of the mechanism 
might lead to the development of new therapeutic stra-
tegies to treat fibrotic diseases [62].

Ying Zhang and colleagues suggested that there is  
a close relationship between macrophages and lymphatic 
endothelial progenitor cells in renal fibrosis. The study 
demonstrated that lymphangiogenesis was positively 
correlated with the degree of fibrosis and macrophage 
infiltration. Compared to resting (M0) macrophages and 
alternatively activated (M2) macrophages, classically 
activated (M1) macrophages predominantly transdif-
ferentiated into lymphatic endothelial cells (LECs) in 
vivo and in vitro. VEGF-C further enhanced polarization 
and transdifferentiation of M1 macrophages into LECs 
by activating VEGFR3. It was suggested that VEGF-C/
VEGFR3 pathway activation downregulates macrophage 
autophagy and subsequently regulates the macrophage 
phenotype. The induction of autophagy in macrophages 
by rapamycin decreased M1 macrophage polarization 
and differentiation into LECs. These results suggest that 
M1 macrophages promote lymphangiogenesis and con-
tribute to newly formed lymphatic vessels in the renal 
fibrosis microenvironment [63].
MicroRNAs (miRNAs). A separate group of signaling 

molecules considered as promising candidates for the 
role of biomarkers of post-transplant complications  
in kidney transplant recipients are miRNAs, small non-
coding RNAs (18 to 25 nucleotides) that regulate gene 
expression and play an important role in regulating the 
functions of both healthy and damaged cells [64, 65]. 
Currently, very few studies on the role and diagnostic sig-
nificance of miRNAs in post-transplant complications in 
kidney recipients have been published. At the same time, 
new data on the functions of currently known microRNA 
molecules appear, for example, miR-144 demonstrates 
the involvement in the cascade of processes forming the 
syndrome of obliterating bronchiolitis in lung recipients 
[66]; increased miR-155 expression is associated with 
lung and kidney graft dysfunction [67, 68]; an associati-
on of miR-21, -122 levels in solid organ recipients with 
long-term graft outcomes has been shown [69].

Signaling molecules miR-21 [70], miR-214 [71] and 
miR-192 [72] have been shown to be profibrotic, whe-
reas the miR-29 family [73], miR-200b [74] and miR-

30e [75] are antifibrotic. It has been suggested that most 
miRs target TGF-β signaling to collagen expression or 
metabolic pathways. The TGF-β/Smad3 pathways play 
an important role in fibrosis. When nephrons are dama-
ged, TGF-β signaling is activated, thereby stimulating 
the TGF-β1 receptor, which then activates the Smad3 
pathway. In the context of renal fibrosis, Smad3 is pa-
thogenic, whereas Smad7 is protective. MiR-433 is an 
important component of the TGF-β/Smad3 pathway, 
creates a positive feedback loop, and enhances TGF-β/
Smad3 signaling. In vitro and in vivo expression of 
miR-433 regulates the development of fibrosis, which 
in turn is induced by TGF-β1, by enhancing the antizyme 
inhibitor Azin1, an important regulator of polyamine 
synthesis [76]. Chung et al. reported that miR-192 medi-
ates TGF-β/Smad3-regulated renal fibrosis [72]. Further 
study of the biological functions of microRNAs and their 
expression profile is required for possible use in clinical 
practice as a potential predictor of complications.

cOncluSiOn
The search for a non-invasive method of detecting 

fibrosis before the development of irreversible compli-
cations in a transplanted kidney is an important task in 
transplantology. Three potential biomarkers involved 
in the development of kidney transplant pathology – 
TGF-β, galectin-3 and microRNA – can be highlighted 
in the development of noninvasive diagnostic methods 
for allograft kidney fibrosis. They present new diagnostic 
opportunities and open up new therapeutic targets.
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