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METHODS AND COMPOSITIONS FOR PREDICTING AND EARLY
DIAGNOSING CHRONIC ACTIVE FORM OF ABMR WITH TRANSPLANT
GLOMERULOPATHY AND RENAL GRAFT LOSS

FIELD OF THE INVENTION:

The invention is in the field of transplantation. More particularly, the invention
provides methods to detect whether a renal transplanted subject having the anti-donor specific
antibodies (DSA) and/or suffering from an acute form of antibody-mediated rejection
(ABMR) is at risk of having or developing a chronic form of ABMR with transplant
glomerulopathy (TG).

BACKGROUND OF THE INVENTION:

In spite of a tremendous progress in the transplant field with excellent drugs to prevent
the graft rejection in the early transplant course, a major improvement in one year renal graft
survival did not translate into similar improvement of graft outcome in the long term. Chronic
active form of ABMR with Transplant glomerulopathy (TG) remains a major cause of renal
graft loss. In a large series of renal transplanted recipients, graft loss was observed at 5 years
post transplant course was 5% in the group of patients without TG. But in those with TG, the
rate of graft loss rose to 38% [1,2]. TG is known mostly as a consequence of persist donor-
specific alloantibodies (DSA) positivity with proteinuria, and a rapidly decline of graft
function and failure which must patients return to dialysis. This form of ABMR can develop
silently without acute episodes. When the patients were found to have a reduced graft
function and an important proteinuria, a TG has already settled typically with double contour
of the glomerular basement membrane (GBM) seen by light microscopy, named as chronic
active ABMR (caABMR). This lesion results from a chronic activation and/or injury of
glomerular endothelial cells trigged by DSA and an continual accumulation of extracellular
matrix in the GBM, which is defined precisely by recent Banff classification (2013, 2015 and
2017) as chronic active ABMR (caABMR) [3-5].

Despite the increasingly recognized importance of c;tABMR with TG as a major cause
of renal graft loss, there is no consensus regarding its management. One reason is due to
uncertainty about its diagnosis, exactly lacking the tool for diagnosing an active and/or
ongoing state of disease which needs the clinic interventions. The diagnosis of caABMR
according to the recent Banff meeting requires 3 criteria: (1) Morphological evidence of

chronic tissue injury including translpant glomerulopathy (TG)(cg score>0) seen by light
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microscopy or severe peritubular capillary basement membrane multilayering seen by
electron microscopy; (2) evidence of current/recent antibody interaction with vascular
endothelium, including linear c4d staining in peritubular capillaries or at least moderate level
of microvascular inflammation, or increased expression of gene transcripts in the biopsy
tissue indicative of endothelial injury; (3) serologic evidence of circulating DSAs which can
be replaced by c4d or ABMR related gene expression.

With regard to DSA, their presence is a pre-requisite for the diagnosis of ABMR.
However it does not necessarily indicate an ABMR. Indeed, some antibodies may be present
in the context of accommodation. In contrast, absence of detectable of DSA in some ABMR
patients can be due to absorption of DSA by the rejected allograft, thus DSA becomes
undetectable in the plasma, or, due to the presence only the anti endothelial cell antibodies
which are not included in the present panel of DSA detection.

Evidence of current/recent antibody interaction with vascular endothelium should be
a most strong proof of disease for the DSA induced graft injury. Currently important peri-
tubular capillaritis and glomerulitis are recognized as strong indicators of ABMR in clinic,
because endothelial cells are the main target of DSA, and the presence of important
inflammatory cells within the capillaries obviously reflects ongoing injury. There are however
some limitations to use capillaritis as a diagnostic tool for ABMR: although the presence of
inflammatory cells within the capillaries can be the consequence of endothelial cell activation
during ABMR, a recent paper has report that the capillaritis in early biopsies was often allo-
antibody independent. And as an indirect evidence of endothelial cell activation, it may
present in a relative late stage of disease; last, a small amount of inflammatory cells in the
capillaries may be difficult to be assessed by routine morphology analysis or to be evaluated
as the evidence for the diagnosis of ABMR. Consequently, the proportion of patients
diagnosed for ABMR using the capillaritis as criterion could be like the tip of iceberg.

Last, the presence of C4d on the peri-tubular capillaries is clearly suggestive of
ABMR, yet it is poorly sensitive as a diagnostic tool because in the most recent series at least
40% of patients with ABMR and 65% in cABMR were C4d negative.

Another reason for the no consensus of management of chronic active ABMR is due
to lacking a consistent improvement on the renal graft outcome with current acute ABMR
treatment protocols, such as using IGIV, plasmapheresis, antibody against B lymphocytes
surface antigen CD20 rituximab, DSA producing plasma cell depletion bortezomib to reduce

DSA; complement 5 inhibitor eculizumab to reduce the graft injury. It is mostly due to too
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advanced glomerular lesion and too important graft fibrosis once TG was diagnosed by light
microscopy which is used in most transplant centers.

Hopefully, some recent studies showed a benefit in the rate of development of TG in
patients treated to reduced DSA when the glomerular endothelial lesions were detected during
early phase of disease by the electron microscopy [6]. These early observed lesions are
endothelial swelling, or hypertrophied endothelium and vacuolation, serration of capillary
loop with basement membrane multilayering. However, this medical equipment is not
available in many transplant centers and the sample used for the observation with the electron
microscopy needs a particular tissue treatment.

So it becomes an urgent need for clinic to develop some sensitive and easily applicable
markers in a routine lab, to detect this DSA mediated TG in its early course, especially to
assess an active or ongoing state of disease, because in this stage of disease, an adequate
treatment for the patients at risk, can be efficient to stop the progression of disease in order to
preserve a functional graft in the long term.

Based on the pathogenesis of TG, direct assessment of glomerular endothelial cell
activation by 1) its phenotype changes, which was induced by the engagement and aggression
of DSA, 2) detection of early ECM deposition in GBM which can be a consequence of
endothelial cell activation could meet this need.

In a previous work, using immunohistochemistry, an easily applicable technique in a
routine lab, we detected the expression of an endothelial to mesenchymal transition marker
fascin, an actin-bundling protein involved in cell motility, in the peri-tubular capillary
endothelial cells in the renal grafts with ABMR. The expression of fascin in the endothelial
cells reflects an active state of these cells, which was shown to be helpful for an early ABMR
diagnosis[7]. This endothelial activation marker can also be used to detect the glomerular
endothelial activation.

Among the numerous ECM proteins, fibronectin (FN) is an important extracellular
matrix (ECM) protein and essential for vascular morphogenesis. During embryonic
development, FN 1is incorporated between endothelial and perivascular cells. It plays
important role in cell adhesion, migration, growth and differentiation. Its expression is highly
up-regulated during embryogenesis around newly developing vasculature. In some
pathological conditions such as atherosclerosis and tumorigenesis, a large amount of FN
deposition under endothelium was found around the vasculature. Because FN is produced at
time of dynamic tissue remodeling, formation or repair [8,9], the over-expression of FN could

be a sensitive marker reflecting a pathological condition or an activation of endothelial cells
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during ABMR. In addition, ECM is known to have many effects beyond providing structure
support. By close contact with cells, abnormal accumulation of ECM can be account to give
inputs into cells and modify cellular behaviors through adhesion receptors such as integrins
and DDR tyrosine kinase receptor or indirectly through regulating the activity of growth
factors attached or stocked on the surface of ECM. Thus abnormal deposition of FN under
endothelial cells is not only a sensitive marker of endothelial cell activation, but also can play
a role of activator for these cells.

Type IV collage (coll4) is a major constituent of GBM. Its expression was up-
regulated during diabetic glomerulopathy. The thickening of GBM in the diabetic
nephropathy is due to accumulation of coll4 and alteration in its structure and composition.

We made hypothesis that during the early course of ABMR, the activated glomerular
endothelial cells will stimulate its FN and coll4 synthesis which can deposit and/or
incorporate into the GBM. The latter changes GBM structure and results in double contours
of GBM which can be observed in the late stage by light microscope.

SUMMARY OF THE INVENTION:

The invention relates to a method for predicting whether a renal transplant subject
having the anti-donor specific antibodies (DSA) and/or suffering from an acute active form of
antibody-mediated rejection (ABMR), , is at risk of having or developing late a chronic active
form of ABMR (caABMR) with transplant glomerulopathy (TG), comprising the steps of: 1)
measuring the expression of fibronectin and/or type IV collagen in a biological sample
obtained from said subject; i1) comparing the expression pattern and level measured at step i
with its predetermined reference value, and iii) concluding that the subject is at risk of having
or developing a chronic active form of ABMR with transplant glomerulopathy (TG) when a
linear expression of fibronectin and/or type IV collagen is observed along the GBM and the
level of expression is higher than its predetermined reference value or concluding that the
subject is not at risk of developing a chronic form of ABMR with transplant glomerulopathy
(TG) when the expression pattern and level of fibronectin and/or type IV collagen is the same
as its predetermined reference value. In particular, the invention is defined by claims.

DETAILED DESCRIPTION OF THE INVENTION:

By immunohistochemistry, inventors have analyzed that the fibronectin and collagen
type IV (coll4) expression pattern in the glomeruli and the importance of expression in the
glomerular basement membrane (GBM) was semi quantified in all biopsies. The pattern of
expression of fibronectin and coll4 in the glomeruli was changed from a focal, irregular

expression in the mesangial area of glomeruli in the normal kidneys to an up-regulated and
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linear expression along the GBM in glomeruli in the renal graft with antibody mediated
rejection (ABMR), especially higher in the chronic form of ABMR (cABMR) with transplant
glomerulopathy (TG). Moreover, the expression level of fibronectin and coll4 was
significantly correlated with the level of donor specific antibodies (DSA) detected in the
recipients at time of biopsy. They also observed a modified expression pattern of fascin in the
glomeruli (from a weak and limited peri-nuclear localization in normal kidney to an up-
regulated and diffused cytoplasmic expression in the glomerular endothelial cells in the renal
grafts with ABMR). The level of glomerular fascin expression was correlated with those of
FN and coll4 in GBM. Notably, the expression of these markers can predict the risk of
developing late chronic form of ABMR with transplant glomerulopathy (TG). These sensitive
markers can also predict strongly late graft loss. Particularly in the recipients in whom the
diagnosis of caABMT cannot be made because of lacking of TG determined with the
conventional method by light microscope. TG lesion is undetectable by the conventional
method with light microscopy.

For the first time, inventors have shown by immunohistochemistry that the expression
of fibronectin and collagen type IV (coll4) in the subject suffering from glomerulopathy of the
allograft is linear along the GBM in glomeruli. Whereas in the control subject, they do not
observe such linear expression of fibronectin and collagen type IV (coll4). Accordingly,
inventors have found a new tool to diagnose early stage and active state of glomerulopathy,
thrombotic microangiopathy or hepatitis C infection related renal pathologies.

Method for predicting and/or early diagnosing the risk of having a chronic active form of

ABMR with transplant glomerulopathy (TG)

Accordingly, in a first aspect, the invention relates to a method for predicting whether
a transplant subject having the anti-donor specific antibodies (DSA) and/or suffering from an
acute form of antibody-mediated rejection (ABMR) is at risk of having or developing a
chronic form of ABMR with transplant glomerulopathy (TG), comprising the steps of: 1)
measuring the expression of fibronectin and/or type IV collagen in a biological sample
obtained from said subject; i1) comparing the expression pattern and level measured at step i
with its predetermined reference value, and iii) concluding that the subject is at risk of having
or developing chronic active form of ABMR with transplant glomerulopathy (TG) when the
expression pattern is different and level of fibronectin and/or type IV collagen is higher than
its predetermined reference value or concluding that the subject is not at risk of developing a
chronic form of ABMR with transplant glomerulopathy (TG) when the expression pattern and

level of fibronectin and/or type IV collagen is the same as its predetermined reference value.
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In a particular embodiment, the invention relates to a method for predicting whether a
transplant subject having the anti-donor specific antibodies (DSA) and/or suffering from an
acute form of antibody-mediated rejection (ABMR) is at risk of having or developing a
chronic active form of ABMR with transplant glomerulopathy (TG), comprising the steps of:
1) measuring the expression of fibronectin and/or type IV collagen in a biological sample
obtained from said subject; i1) comparing the expression pattern and level measured at step i
with its predetermined reference value, and iii) concluding that the subject is at risk of having
or developing chronic form of ABMR with transplant glomerulopathy (TG) when a linear
expression of fibronectin and/or type IV collagen is observed along the GBM and the level of
expression of fibronectin and/or type IV collagen is higher than its predetermined reference
value or concluding that the subject is not at risk of developing a chronic form of ABMR with
transplant glomerulopathy (TG) when the expression pattern and level of fibronectin and/or
type IV collagen is the same as its predetermined reference value.

In a second aspect, the invention relates to a method for early diagnosing whether a
transplant subject having the anti-donor specific antibodies (DSA) and/or suffering from an
acute form of antibody-mediated rejection (ABMR) is having a chronic form of ABMR with
transplant glomerulopathy (TG), comprising the steps of: i) measuring the expression of
fibronectin and/or type IV collagen in a biological sample obtained from said subject; ii)
comparing the expression pattern and level measured at step i) with its predetermined
reference value, and iii) concluding that the subject is having chronic active form of ABMR
with transplant glomerulopathy (TG) when the expression pattern is different and level of
fibronectin and/or type IV collagen is higher than its predetermined reference value or
concluding that the subject is not having a chronic form of ABMR with transplant
glomerulopathy (TG) when the expression pattern and level of fibronectin and/or type IV
collagen is the same as its predetermined reference value.

As used herein, the term “predicting” means that the subject to be analyzed by the
method of the invention is allocated either into the group of subjects who will have a chronic
form of ABMR with transplant glomerulopathy, or into a group of subjects who will not have
chronic form of ABMR with transplant glomerulopathy. Typically, said risk is elevated as
compared to the average risk in a cohort of transplanted subjects. In the context of the
invention, the risk of having a chronic form of ABMR with transplant glomerulopathy in a
subject shall be predicted. The term "predicting the risk", as used herein, refers to assessing
the probability according to which the patient as referred to herein will have a chronic form of

ABMR with transplant glomerulopathy. As will be understood by those skilled in the art, such
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an assessment is usually not intended to be correct for 100% of the subjects to be investigated.
The term, however, requires that prediction can be made for a statistically significant portion
of subjects in a proper and correct manner. Whether a portion is statistically significant can be
determined without further ado by the person skilled in the art using various well known
statistic evaluation tools, e.g., determination of confidence intervals, p-value determination,
Student's t-test, Mann- Whitney test etc. Details are found in Dowdy and Wearden, Statistics
for Research, John Wiley & Sons, New York 1983. Preferred confidence intervals are at least
90%, at least 95%, at least 97%, at least 98% or at least 99 %. The p-values are, preferably,
0.1, 0.05, 0.01, 0.005, or 0.0001. Preferably, the probability envisaged by the invention allows
that the prediction of an increased risk will be correct for at least 60%, at least 70%, at least
80%), or at least 90% of the subjects of a given cohort or population. The term, preferably,
relates to predicting whether or not there is an increased risk of having a chronic form of
ABMR with transplant glomerulopathy in a population of subjects rather than giving a precise
probability for the said risk.

As used herein, the term “early diagnosing” means that the subject to be analyzed by
the method of the invention is allocated either into the group of subjects who have a chronic
but active form of ABMR with transplant glomerulopathy, or into a group of subjects who do
not have chronic active form of ABMR with transplant glomerulopathy.

As used herein, the term “DSA” refers to antibodies which are anti-HLA antibodies,
specifically generated against donor cells. The term “antibody-mediated rejection, (ABMR)”
refers to a type of rejection of transplant tissue or organ by the recipient’s immune system.
The rejection of a transplanted tissue or organ is triggered by the action of anti-donor's
antibodies developed in the recipients against antigens found on the endothelial surface of
blood vessels of graft. There are two types of ABMR: acute active ABMR and chronic active
ABMR. In the context of the invention, the ABMR is an acute ABMR. As used herein, the
term “‘acute rejection” refers to an acute episode of tissue or transplanted organ injury. In a
particular embodiment, it can begin in early stage such as shortly after implantation or at any
time during the course of transplant. Acute rejection is often identified clinically by decreased
function of the transplanted organ. Lesions of acute active ABMR at the site of the renal
transplant characteristically are infiltrated with large numbers of neutrophils, lymphocytes
and macrophages in the microvasculature of glomeruli or of peri-tubular capillaries that cause
tissue or organ damage. In the context of the invention, the method is suitable to predict the
risk and diagnose early c;tABMR in a subject having DSA and/or suffering from acute active

form of ABMR. As used herein, the term “chronic active ABMR?” refers to a long-term loss of
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function in transplanted tissues or organs via fibrosis of the transplanted tissue because of
ongoing chronic vascular lesions and subsequently chronic organ ischemia. In a particular
embodiment, the chronic active ABMR is associated with a transplant glomerulopathy (TG).
The term “transplant glomerulopathy” refers to a disease of the glomeruli in transplanted
kidneys. Typically, TG is characterized by duplication of the glomerular basement membrane
assessed by light or electronic microscopy, this pattern of injury may result from a number of
disease processes affecting the glomerular endothelium. In particular embodiment, the chronic
active ABMR is a chronic active antibody mediated rejection (caABMR). As used herein, the
term “caABMR” refers to a chronic form of ABMR but in an active state of disease, which
destroy progressively and actively the grafted organ and ended by the graft loss. catABMR is
identified clinically by progressively decreased function of the transplanted organ and often
associated with proteinuria in the case of renal transplantation. Lesions at the site of the
transplant characteristically are double contour of GBM with inflammatory cells and c4d
deposition in the glomerular and peritubular capillaries in the case of renal transplantation. In
a particular embodiment, the invention is to sensitize the early diagnosis and suitable to
predict the risk of having or developing late a chronic active form of ABMR with transplant
glomerulopathy (TG).

As used herein, the term “transplant subject” also called as grafted subject, refers to a
subject who has received an organ transplantation. The term “organ transplantation” refers to
the procedure of replacing diseased organs, parts of organs, or tissues by healthy organs or
tissues. The transplanted organ or tissue can be obtained either from the subject himself (=
autograft), from another human donor (= allograft) or from an animal (= xenograft).
Transplanted organs may be artificial or natural, whole (such as kidney, heart and liver) or
partial (such as heart valves, skin and bone). In a particular embodiment, the subject is a renal
transplanted subject. In particular, said renal transplanted subject may further have been
grafted with the pancreas, and optionally a piece of duodenum, of the kidney donor. Said
subject is treated with immunosuppressive drugs or another drugs that are currently known in
the art or that will be identified in the future. In a particular embodiment, the subject is under
immunosuppressive treatment, which means that the subject is administered with one or more
immunosuppressive drugs.

As used herein, the term “fibronectin” (FN) refers to a glycoprotein present in a
soluble dimeric form in plasma and in a dimeric or multimeric form at the cell surface and in
extracellular matrix. FN mediates a wide variety of cellular interactions with the extracellular

matrix (ECM) and plays important roles in cell adhesion, migration, growth and
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differentiation. FN plays a crucial role in wound healing, FN stops the bleeding by forming a
blood clot. The naturally occurring human fibronectin gene has a nucleotide sequence as
shown in Genbank Accession numbers: NM_001306129.1, NM_001306130.1,
NM_001306131.1, NM_001306132.1, NM_002026.3, NM_054034.2, NM_212474.2,
NM_212476.2, NM_212478.2 and NM_212482.2. And the naturally occurring human
fibronectin protein has an aminoacid sequence as shown in Genbank Accession numbers:
NP_001293058.1, NP_001293059.1, NP_001293060.1, NP_001293061.1, NP_002017.1,
NP_473375.2, NP_997639.1, NP_997641.1, NP_997643.1 and NP_997647.1.

As used herein, the term ‘“collagen IV” refers to Type IV collagen, also known as
CollV or Col4. Collagen IV is the major structural component of basement membranes, is a
multimeric protein composed of 3 alpha subunits. These subunits are encoded by 6 different
genes, alpha 1 through alpha 6, each of which can form a triple helix structure with 2 other
subunits to form type IV collagen. The collagen IV C4 domain at the C-terminus is not
removed in post-translational processing, and the fibers link head-to-head, rather than in
parallel. The naturally occurring human fibronectin gene has a nucleotide sequence as shown
in Genbank Accession numbers: NM_001303110.1, NM_001845.5, NM_000495.4,
NM_033380.2, NM_000091.4, NM_001846.3 and NM_000092.4. And the naturally
occurring human fibronectin protein has an aminoacid sequence as shown in Genbank
Accession numbers: NP_001290039.1, NP_001836.3, NP_000486.1, NP_203699.1,
NP_000082.2, NP_001837.2 and NP_000083.3.

As used herein, the term “expression pattern and level” refers to both qualitative as
well as quantitative differences in the temporal and tissue expression patterns of a gene or
a protein in transplant tissue or organ versus normal adjacent tissue or organ. A differential in
the expression pattern, observed and defined by morphological studies, and level of the
fibronectin and/or collagen IV between the biological sample and the reference value is
indicative that said subject suffers from an active state of ABMR. The expression pattern is
particularly observed in the glomeruli. Typically, a healthy subject has a focal and irregular
expression of FN and/or coll4 in the mesangial area in the glomeruli, whereas the subject
having a chronic active form of ABMR with transplant glomerulopathy (TG) has an up-
regulated and linear expression of these extra cellular matrix along the GBM in the glomeruli.

Particularly, the method is suitable for the patients who has not developed or cannot be
diagnosed as chronic active ABMR in the early stage of disease because of lacking the
detectable TG (has not double contour of GBM) examined with the conventional method by

light microscope. Determining the expression pattern and level of fibronectin and/or collagen



10

15

20

25

30

WO 2019/077143 PCT/EP2018/078795
10

IV level is mainly defined by the immune-staining on the tissue with specific antibodies and
observed by light microscopy. But the increased expression level of these extracellular matrix
during disease may be assessed also by any of a wide variety of well-known methods for
detecting expression of a transcribed nucleic acid or translated protein. In one embodiment,
the fibronectin and/or collagen IV expression level is assessed by analyzing the expression of
the protein translated from said gene. Said analysis can be assessed using an antibody (e.g., a
radio-labeled, chromophore- labeled, fluorophore-labeled, or enzyme-labeled antibody), an
antibody derivative (e.g., an antibody conjugate with a substrate or with the protein or ligand
of a protein of a protein/ligand pair (e.g., biotin-streptavidin)), or an antibody fragment (e.g., a
single-chain antibody, an isolated antibody hypervariable domain, etc.) which binds
specifically to the protein translated from the gene encoding for the biomarker. Methods for
measuring the expression level of a biomarker in a sample may be assessed by any of a wide
variety of well-known methods from one of skill in the art for detecting expression of a
protein including, but not limited to quantification methods such as THC.

As used herein, the term “biological sample” refers to any sample obtained from a
transplanted subject, such as a serum sample, a plasma sample, a urine sample, a blood
sample, a lymph sample, or a tissue biopsy. In the context of the invention, the biological
sample is a biopsy. Typically, the biopsy refers to an extraction of tissues from the transplant
or no transplant tissue or organ for examination to determine expression pattern and level of
fibrinogen and collagen IV. In a particular embodiment, the biological sample is glomeruli
which is obtained by biopsy. The expression pattern and level of fibronectin and/or collagen
IV are measured in the glomeruli.

As used herein, the term “predetermined reference value” refers to a threshold value or
a cut-off value, which was defined after analysing the normal tissue from the normal kidney
samples obtained from the healthy part of kidney removed because of a renal cancer and also
a great quantity of normal renal graft samples from protocol biopsy.

In a particular embodiment, the invention relates method for predicting and early
diagnosing whether a transplant subject having the anti-donor specific antibodies (DSA)
and/or suffering from an acute form of antibody-mediated rejection (ABMR) is at risk of
having or developing a late a chronic active form of ABMR with transplant glomerulopathy
(TG), comprising the steps of: 1) measuring the expression pattern and level of fibronectin,
collagen IV and/or fascin in a biological sample obtained from said subject; ii) comparing the
expression pattern and level measured at step 1 with its predetermined reference value, and iii)

concluding that the subject is of having or developing a chronic form of ABMR with
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transplant glomerulopathy (TG), when a linear expression of fibronectin and/or type IV
collagen is observed along the GBM and/or a diffused cytoplasmic expression of fascin in the
glomerular endothelial cells, and the level of expression ishigher than its predetermined
reference value or concluding that the subject is not at risk of having or developing a chronic
form of ABMR with transplant glomerulopathy (T'G) when the expression pattern and level of
fibronectin, collagen IV and/or fascin is not different from its predetermined reference value.

As used herein, the term “fascin” refers to an endothelial to mesenchymal transition
marker, an actin-bundling protein involved in cell motility, in the peri-tubular capillary
endothelial cells in the renal grafts with ABMR. Fascin proteins organize F-actin into parallel
bundles, and are required for the formation of actin-based cellular protrusions. The naturally
occurring human fascin gene has a nucleotide sequence as shown in Genbank Accession
number NM_003088.3 and the naturally occurring human fascin protein has an aminoacid
sequence as shown in Genbank Accession number NP_003079.1.

Method for predicting of having a chronic form glomerular sclerosis and/or

glomerular obsolescence

The method of the invention as described above is also suitable to predict whether a
subject suffering from thrombotic microangiopathy is at risk of having or developing a
glomerular sclerosis and/or obsolescence.

In a third aspect, the invention relates to a method for predicting whether a subject
suffering from thrombotic microangiopathy has the glomerular involvement and/or is at risk
of having or developing a glomerular sclerosis and/or glomerular obsolescence, comprising
the steps of: 1) measuring the expression of fibronectin and/or type IV collagen in the
glomeruli in a biological sample obtained from said subject; ii) comparing the expression
pattern and level measured at step 1) with its predetermined reference value, and iii)
concluding that the subject is at risk of having or developing glomerular sclerosis and/or
glomerular obsolescence when the expression pattern is different and level of fibronectin
and/or type IV collagen is higher than its predetermined reference value or concluding that the
subject is not at risk of developing glomerular sclerosis and/or glomerular obsolescence when
the expression pattern and level of fibronectin and/or type IV collagen is the same as its
predetermined reference value.

In a particular embodiment, the invention relates to a method for predicting whether a
subject suffering from thrombotic microangiopathy is at risk of having or developing a
glomerular sclerosis and/or glomerular obsolescence, comprising the steps of: i) measuring

the expression of fibronectin and/or type IV collagen in the glomeruli in a biological sample
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obtained from said subject; i1) comparing the expression pattern and level measured at step 1)
with its predetermined reference value, and iii) concluding that the subject is at risk of having
or developing glomerular sclerosis and/or glomerular obsolescence when a linear expression
of fibronectin and/or type IV collagen is observed along the GBM and the level of expression
is higher than its predetermined reference value or concluding that the subject is not at risk of
developing glomerular sclerosis and/or glomerular obsolescence when the expression pattern
and level of fibronectin and/or type IV collagen is the same as its predetermined reference
value.

As used herein, the term “thrombotic microangiopathy” refers to a pattern of damage
that can occur in the smallest blood vessels inside many of vital organs. In the context of the
invention, the endothelial cells of capillaries become damaged, blood flow through the kidney
slows.

As used herein, the term “glomerular sclerosis and/or glomerular obsolescence” refers
to a morphological term caused by long term or serious glomerular injuries which result of
destruction of normal glomerular architecture and then replaced by the fibrotic tissue or
fibrosclerosis or hyalinosis and finally resulting of glomerular function loss.

In a further aspect, the invention is suitable to predict whether a subject suffering from
hepatitis C infection has the glomerular involvement and/or is at risk of having or developing
a glomerular sclerosis and/or glomerular obsolescence. Accordingly, the invention relates to a
method for predicting whether a subject suffering from hepatitis C infection is at risk of
having or developing a glomerular sclerosis and/or glomerular obsolescence, comprising the
steps of: 1) measuring the expression of fibronectin and/or type IV collagen in the glomeruli in
a biological sample obtained from said subject; ii) comparing the expression pattern and level
measured at step 1) with its predetermined reference value, and iii) concluding that the subject
is at risk of having or developing glomerular sclerosis and/or glomerular obsolescence when a
linear expression of fibronectin and/or type IV collagen is observed along the GBM and the
level of expression is higher than its predetermined reference value or concluding that the
subject is not at risk of developing a glomerular sclerosis and/or glomerular obsolescence
when the expression pattern and level of fibronectin and/or type IV collagen is the same as its
predetermined reference value.

Method for predicting the risk of graft loss

In a fourth aspect, the invention relates to a method for predicting whether a
transplanted subject is at risk of graft loss comprising the steps of: 1) measuring the expression

pattern and level of fibronectin and/or collagen IV in a biological sample obtained from said
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subject; 11) comparing the expression pattern and level measured at step 1) with its
predetermined reference value, and iii) concluding that the subject is at risk of graft loss when
a linear expression of fibronectin and/or type IV collagen is observed along the GBM and the
level of expression is higher than its predetermined reference value or concluding that the
subject is not at risk of graft loss when the expression pattern and level of fibronectin and/or
collagen IV is not different from its predetermined reference value.

As used herein, the term “predicting” means that the subject to be analyzed by the
method of the invention is allocated either into the group of subjects who will lose his graft,
or into a group of subjects who will not lose his graft. Typically, said risk is elevated as
compared to the average risk in a cohort of transplanted subjects. In the context of the
invention, the risk of graft loss in a subject shall be predicted. The term "predicting the risk",
as used herein, refers to assessing the probability according to which the patient as referred to
herein will lose graft. As will be understood by those skilled in the art, such an assessment is
usually not intended to be correct for 100% of the subjects to be investigated. The term,
however, requires that prediction can be made for a statistically significant portion of subjects
in a proper and correct manner. Whether a portion is statistically significant can be
determined without further ado by the person skilled in the art using various well known
statistic evaluation tools, e.g., determination of confidence intervals, p-value determination,
Student's t-test, Mann- Whitney test etc. Details are found in Dowdy and Wearden, Statistics
for Research, John Wiley & Sons, New York 1983. Preferred confidence intervals are at least
90%, at least 95%, at least 97%, at least 98% or at least 99 %. The p-values are, preferably,
0.1, 0.05, 0.01, 0.005, or 0.0001. Preferably, the probability envisaged by the invention allows
that the prediction of an increased risk will be correct for at least 60%, at least 70%, at least
80%), or at least 90% of the subjects of a given cohort or population. The term, preferably,
relates to predicting whether or not there is an increased risk of having chronic ABMR
compared to the average risk of chronic ABMR in a population of subjects rather than giving
a precise probability for the said risk.

As used herein, the term “graft loss” also known as graft failure or transplant loss,
refers to loss of function in a transplanted organ or tissue.

In a particular embodiment, the invention relates to a method for predicting whether a
transplanted subject is at risk of graft loss comprising the steps of: 1) measuring the expression
pattern and level of fibronectin, collagen IV and/or fascin in a biological sample obtained
from said subject; ii) comparing the expression pattern and level measured at step 1) with its

predetermined reference value, and iii) concluding that the subject is at risk of graft loss
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when the expression pattern and level of fibronectin, collagen IV and/or fascin is different and
higher than its predetermined reference value or concluding that the subject is not at risk of
graft loss when the expression pattern and level of fibronectin and/or collagen IV is not
different from its predetermined reference value.

More particularly, the invention relates to a method for predicting whether a
transplanted subject is at risk of graft loss comprising the steps of: 1) measuring the expression
pattern and level of fibronectin, collagen IV and/or fascin in a biological sample obtained
from said subject; ii) comparing the expression pattern and level measured at step 1) with its
predetermined reference value, and iii) concluding that the subject is at risk of graft loss
when a linear expression of fibronectin and/or type IV collagen is observed along the GBM
and/or a diffused cytoplasmic expression of fascin in the glomerular endothelial cells, and the
level of expression is higher than its predetermined reference value or concluding that the
subject is not at risk of graft loss when the expression pattern and level of fibronectin and/or
collagen IV is not different from its predetermined reference value.

A differential in the expression pattern and level of the fibronectin, collagen IV and/or
fascin between the biological sample and the reference value is indicative that said subject is
at risk of having a graft loss. The expression pattern and level of fibronectin and/or collagen
IV and fascin is determined by the methods as described above.

The methods as described above, wherein, the subject can be also no renal transplanted
recipients and thrombotic microangiopathy or hepatitis C infection related renal pathologies
can developed on their own kidneys.

Method for treating early and/or preventing late chronic form of ABMR with transplant

glomerulopathy (TG) and subsequently graft loss

In a fifth aspect, the invention relates to a method of treating the transplant recipients
to prevent the occurrence of chronic active form of ABMR with transplant glomerulopathy
(TG) in a subject comprising a step of administering to said subject a therapeutically effective
amount of immunosuppressive drugs.

In particular embodiment, the invention is suitable to treat early and to prevent late
chronic active form of ABMR with transplant glomerulopathy.

In a particular embodiment, the invention relates to a method of treating early and to
prevent late or active chronic form of ABMR with transplant glomerulopathy (TG) in a
subject comprising following steps: 1) identifying whether a subject is at risk of having or

developing chronic active form of ABMR with transplant glomerulopathy (TG) as described
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above and ii) administering to said subject as diagnosed a therapeutically effective amount of
immunosuppressive drugs and an anti-ABMR therapy.

In another embodiment, the method according to the invention is suitable to treat the
transplant recipients and prevent subsequently the progression of graft injury and fibrosis.

In a particular embodiment, the invention is suitable to treat an endothelial activation
related disease.

In another embodiment, the method according to the invention is suitable to prevent
the graft loss. Typically, the invention relates to a method of preventing the graft loss in
subject, comprising: i) identifying whether a transplanted subject is at risk of graft loss
according to the method as described above and ii) treating said subject with a therapeutically
effective amount of immunosuppressive drugs. More particularly, such subject as identified
can also be treated with an anti-ABMR therapy.

As used herein, the term “subject” refers to a grafted subject (also known as
transplanted subject). Particularly, the subject who has received an organ transplantation. The
method as described above are suitable to use in a subject no renal transplanted recipients and
thrombotic microangiopathy or hepatitis C infection related renal pathologies can developed
on their own kidneys.

As used herein, the terms “treating” or “treatment” refer to both prophylactic or
preventive treatment as well as curative or disease modifying treatment, including treatment
of subject at risk of contracting the disease or suspected to have contracted the disease as well
as subject who are ill or have been diagnosed as suffering from a disease or medical
condition, and includes suppression of clinical relapse. The treatment may be administered to
a subject having a medical disorder or who ultimately may acquire the disorder, in order to
prevent, cure, delay the onset of, reduce the severity of, or ameliorate one or more symptoms
of a disorder or recurring disorder, or in order to prolong the survival of a subject beyond that
expected in the absence of such treatment. By "therapeutic regimen" is meant the pattern of
treatment of an illness, e.g., the pattern of dosing used during therapy. A therapeutic regimen
may include an induction regimen and a maintenance regimen. The phrase "induction
regimen" or "induction period" refers to a therapeutic regimen (or the portion of a therapeutic
regimen) that is used for the initial treatment of a disease. The general goal of an induction
regimen is to provide a high level of drug to a subject during the initial period of a treatment
regimen. An induction regimen may employ (in part or in whole) a "loading regimen", which
may include administering a greater dose of the drug than a physician would employ during a

maintenance regimen, administering a drug more frequently than a physician would
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administer the drug during a maintenance regimen, or both. The phrase "maintenance
regimen" or "maintenance period" refers to a therapeutic regimen (or the portion of a
therapeutic regimen) that is used for the maintenance of a subject during treatment of an
illness, e.g., to keep the subject in remission for long periods of time (months or years). A
maintenance regimen may employ continuous therapy (e.g., administering a drug at a regular
intervals, e.g., weekly, monthly, yearly, etc.) or intermittent therapy (e.g., interrupted
treatment, intermittent treatment, treatment at relapse, or treatment upon achievement of a
particular predetermined criteria).

As used herein the terms "administering" or "administration" refer to the act of
injecting or otherwise physically delivering a substance as it exists outside the body (e.g.,
immunosuppressive drug) into the subject, such as by mucosal, intradermal, intravenous,
subcutaneous, intramuscular delivery and/or any other method of physical delivery described
herein or known in the art. When a disease, or a symptom thereof, is being treated,
administration of the substance typically occurs after the onset of the disease or symptoms
thereof. When a disease or symptoms thereof, are being prevented, administration of the
substance typically occurs before the onset of the disease or symptoms thereof.

A “therapeutically effective amount” is intended for a minimal amount of active agent
which is necessary to impart therapeutic benefit to a subject. For example, a "therapeutically
effective amount” to a subject is such an amount which induces, ameliorates or otherwise
causes an improvement in the pathological symptoms, disease progression or physiological
conditions associated with or resistance to succumbing to a disorder. It will be understood that
the total daily usage of the compounds of the present invention will be decided by the
attending physician within the scope of sound medical judgment. The specific therapeutically
effective dose level for any particular subject will depend upon a variety of factors including
the disorder being treated and the severity of the disorder; activity of the specific compound
employed; the specific composition employed, the age, body weight, general health, sex and
diet of the subject; the time of administration, route of administration, and rate of excretion of
the specific compound employed; the duration of the treatment; drugs used in combination or
coincidential with the specific compound employed; and like factors well known in the
medical arts. For example, it is well within the skill of the art to start doses of the compound
at levels lower than those required to achieve the desired therapeutic effect and to gradually
increase the dosage until the desired effect is achieved. However, the daily dosage of the
products may be varied over a wide range from 0.01 to 1,000 mg per adult per day. Typically,
the compositions contain 0.01, 0.05, 0.1, 0.5, 1.0, 2.5, 5.0, 10.0, 15.0, 25.0, 50.0, 100, 250 and
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500 mg of the active ingredient for the symptomatic adjustment of the dosage to the subject to
be treated. A medicament typically contains from about 0.01 mg to about 500 mg of the active
ingredient, preferably from 1 mg to about 100 mg of the active ingredient. An effective
amount of the drug is ordinarily supplied at a dosage level from 0.0002 mg/kg to about 20
mg/kg of body weight per day, especially from about 0.001 mg/kg to 7 mg/kg of body weight
per day.

As wused herein, the term “immunosuppressive drugs” also known as
immunosuppressive agents or antirejection medications are drugs that inhibit or prevent the
activity of immune system. Typically, the subject is treated with immunosuppressive drugs or
other drugs that are currently known in the art or that will be identified in the future. In a
particular embodiment, the subject is under immunosuppressive treatment, which means that
the subject is administered with one or more immunosuppressive drugs. Immunosuppressive
drugs that may be employed in transplantation procedures include corticosteroids, calcineurin
inhibitors (cyclosporin, tacrolimus), azathioprine, mycophenolate mofetil and tyrosin kinase
inhibitors (everolimus, sirolimus). These drugs may be used in monotherapy or in
combination therapies.

As used herein the term “anti-ABMR therapy” includes plasmapheresis in association
with high dose of intravenous immunoglobulins and rituximab (antibody against B
lymphocyte surface antigen CD20), Bortezomib, (a proteasome inhibitor for depleting DSA
producing cells (plasma cells) to reduce DSA level; eculizumab for complement C5 inhibition
to reduce DSA associated graft injury as well as splenectomy.

Kit

In a sixth aspect, the present invention relates to a kit for predicting of chronic active
form of ABMR with transplant glomerulopathy TG in a subject comprising at least one
reagent for the determination of an expression level of fibronectin and/or collagen IV.

In particular embodiment, the invention relates to a kit for use in predicting of chronic
active form of ABMR with transplant glomerulopathy TG comprising antibodies specific for
fibronectin and/or collagen IV. Said kit is optimized for immunohistochemistry. The kit
according to the invention further comprises a component for antigen retrieval, and
immunohistochemistry visualization.

In another aspect, the present invention relates to a kit for early diagnosing of chronic
active form of ABMR with transplant glomerulopathy TG in a subject comprising at least one

reagent for the determination of an expression level of fibronectin and/or collagen IV.
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In particular embodiment, the invention relates to a kit for use in diagnosing of chronic
active form of ABMR with transplant glomerulopathy TG comprising antibodies specific for
fibronectin and/or collagen IV.

As used herein, the term "a reagent for the determination of an expression level” is
meant a reagent which specifically allows for the determination of said expression level, i.e. a
reagent specifically intended for the specific determination of the expression level of
fibronectin and/or collagen IV comprised in the expression profile. This definition excludes
generic reagents useful for the determination of the expression level of any gene, such as taq
polymerase or an amplification buffer, although such reagents may also be included in a kit
according to the invention.

In some embodiments, the kit according to the invention may comprise instructions for
determining whether a subject is at risk of having or developing chronic active ABMR, more
particularly a caABMR with TG. The instructions for determining whether a subject has
ABMR may include at least one reference expression profile.

In a particular embodiment, at least one reference expression profile is a stable
expression profile. Alternatively, at least one reference expression profile may be a graft non-
tolerant expression profile (e.g. expression profile obtained from a healthy subject).

The kit as described above is also used to predict the risk of having graft loss.

The invention will be further illustrated by the following figures and examples. However,
these examples and figures should not be interpreted in any way as limiting the scope of the
present invention.

FIGURES:

Figure 1: The level of expression of fibronectin and coll4 in GBM was
significantly higher in the graft with ABMR (p<0.0001), and the highest in the graft with
chronic ABMR (p<0.0001).

Figure 2: The expression of fibronectin (figure 2A) or coll4 (figure 2B) was
determinant for the late graft dysfunction in the groups of patients with or without
ABMR.

Figure 3: A predictive value of fibronectin detected in the GBM in the grafts with
or without ABMR for graft loss.

Figure 4: Expression of pattern of fibronectin and collagen IV in a subject having
healthy graft and a subject having an active ABMR.

EXAMPLES:
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Example 1: Assessment of the expression of fibronectin and collagen type IV
for the early diagnosis of chronic antibody mediated rejection in human renal engrafted
patients and their predictive value for long term graft loss

In the present example, 203 biopsies patients containing 59 with ABMR and 144
without ABMR from 153 patients in a renal transplant center (Tenon hospital in Paris,
France) were included in a study.

By immunohistochemistry, the fibronectin and collagen type IV (coll4) as well as
fascin expression pattern in the glomeruli was analyzed and the importance of expression in
the glomerular basement membrane (GBM) was semi quantified in all biopsies. And then, the
expression was compared with that from control groups including 3 normal kidney samples
obtained from the healthy part of kidneys removed because of a renal cancer, and 66 protocol
biopsies for the graft surveillance without morphological lesions included in this studied
cohort.

The results showed that in the normal kidneys or in the protocol renal graft
biopsies without morphological lesions, the expression of fibronectin and coll4 in the
glomeruli was limited in the mesangial area (Figure 4). No evident expression was detected in
the GBM by immunohistochemistry with the technical sensibility of the method we used.
However, the pattern of expression in the glomeruli was changed with an up-regulated and
linear expression level in the GBM in the renal graft with antibody mediated rejection
(ABMR)(Figure 4), especially in those with a chronic active form of ABMR (cABMR) with
transplant glomerulopathy (TG)(Figure 4). The expression of fascin was limited in the peri-
nuclear area of glomerular endothelial cells in normal kidney (Figure 4) or in the protocol
renal graft biopsies without morphological lesions. But in the grafts with ABMR, we can see
a strong and diffused cytoplasmic expression of fascin in the glomerular endothelial cells in
the glomeruli and in the peri-tubular capillaries (Figure 4). The level of expression of FN and
coll4 in the GBM was significantly correlated by a spearman’s correlation test with the level
of glomerular endothelial fascin expression (with rho=0.52 p<0.0001, and rho=0.42,
p<0.0001 for FN and coll4 respectively). The level of expression of these early glomerular
endothelial activation markers was also significantly correlated with the ABMR related Banff
scores, such as the micro vascular inflammation in the glomeruli (glomerulitis: g), in the peri-
tubular capillaries (peri-tubular capillaritis: ptc) and the glomerular morphological changes
with double contour: cg, a typical morphological lesion for the TG diagnosis (with rho=0.44,
p<0.0001; rho=0.41, p<0.0001; rho=0.61, p<0.0001 for fibronectin; rho=0.34, p<0.0001;
rho=0.3, p<0.0001; rho=0.43, p<0.0001 for coll4; and rho=0.43, p<0.0001; rho=0.29,
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p<0.0001; rho=0.37, p<0.0001 for fascin in glomeruli respectively). Moreover, the expression
level of fibronectin, coll4 and fascin was significantly correlated with the level of donor
specific antibodies (DSA) detected in the recipients at time of biopsy with rho=0.32,
p<0.0001, and rho=0.22, p=0.0014 for the correlation of fibronectin expression with the level
of DSA against class II and class I of HLA antigens respectively; and rho=0.22, p=0.003, and
rho=0.3, p<0.0001 for the correlation of coll4 with the level of DSA against class II and class
I of HLA antigens and rho=0.31, p<0.0001, and rho=0.25, p<0.0001 for the correlation of
fascin expression in the glomeruli with the level of DSA against class II and class I of HLA
antigens respectively. In addition, the level of expression of fibronectin was also significantly
correlated with the level of c4d, a member of complement, detected at the peri tubular
capillaries, another important diagnostic criteria of ABMR, with rho=0.244, p=0.0004. The
level of expression of fibronectin and coll4 in GBM was significantly high in the graft with
ABMR, and particularly higher in the graft with chronic ABMR (figure 1).

Moreover, we analyzed the relationship of the expression of fibronectin and coll4 in
the GBM in the renal grafts with graft dysfunction at time of biopsy, and in the long term. We
found a significant and negative correlation of expression in the GBM of these two extra
cellular matrix with the graft function presented here with estimated glomerulo filtration rate
(eGFR) at different time points (with rho=-0.35, p<0.0001; rho=-0.4, p<0.0001; rho=-0.43,
p<0.0001; rho=-0.46, p<0.0001; rho=-0.49, p<0.0001; rho=-0.57, p<0.0001 for the correlation
of fibronectin in the GBM with eGFR at time of biopsy or one, two, three, four and five years
after biopsy, and with rho=-0.29, p<0.0001; rho=-0.24, p=0.0017; rho=-0.28, p=0.0008; rho=-
0.33, p=0.0007; tho=-0.35, p=0.0037; rtho=-0.4, p=0.0032 for the correlation of coll4 in the
GBM with eGFR at time of biopsy, or one, two, three, four and five years after biopsy
respectively). More interestingly, as we know that the persistent ABMR is the most important
risk for the development of TG and for the long term renal graft loss, we studied the value of
fibronectin and coll4 detection in the GBM for renal graft function loss prediction (which
could be due to the late development of TG) in the groups of patients with ABMR or without
in their renal grafts. The expression of fibronectin (figure 2a) or coll4 (figure 2b) was
determinant for the late graft function loss in the groups of patients with or without ABMR.
We found that the patients who had finbronectin and/or coll4 in the GBM, especially in the
group of patients with ABMR lost very quickly their graft function during the transplant
course. However the patients without fibronection and/or expression in the GBM kept very
well their graft function up to 5 years post biopsy. More impressionably, in the group of

patients with ABMR, a disease well known for its association with bad graft outcome, no
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detectable fibronectin and/or coll4 in the GBM predicted a very good renal graft outcome in
the long term. Logistic regression model showed fibronectin expression in the GBM to be a
strong and independent predictor for late graft loss before death with an odds ratio (OR) of
4.17 (95% CI:1.5-11.6, p=0.006) after adjustment for almost all known risk factor for graft
loss such as: capillaritis or glomeruloritis, c4d deposit in peri-tubular capillaries, presence of
DSA against HLA II at time of biopsy, expanded criteria donor, donor's age, transplant
duration and graft fibrosis score ci (tablel). These results are in agreement with our
knowledge that the development of TG is a major risk for late graft loss. This suggests also a
predictive value of fibronectin and/or coll4 expression in the GBM for late TG development
(studied in next paragraph) and points out the importance of using these interesting markers to
detect the early occurrence of TG and to guide an accurate treatment in the early course of
disease for the patients at risk, in order to avoid their graft loss.

Example 2: A predictive value of fibronectin and/or coll4 in the GBM for late

occurrence of TG

To study the value of detection of fibronectin and/or coll4 expression in GBM for
late caABMT prediction, we followed the patients who had not TG at time of biopsy
examined by light microscope, and who had the subsequent biopsies to assess the late TG
development during their transplant course, according to the fibronectin and/or coll4 GBM
expression in their first biopsies. We found that amount 18 patients who had fibronectin
and/or coll4 expression in their first biopsies, 9 out of 18 patients developed TG late; but TG
development in late biopsies was observed only in 3 out of 51 patients who had no fibronectin
and/or coll4 expression in their first studied biopsies, p<0.0001 by Fisher's exact test.
Analysis by COX regression model for the patients without TG detected at time of biopsy
showed that the expression of FN or coll4 in the GBM was the most important independent
determinant for the late occurrence of TG and/or the graft loss with a Haz. ratio (HR) 2.96,
(95% Cl1:1.28-6.8, p=0.011) after adjustment for the known risk factors for TG development
or graft loss such as: capillaritis or glomeruloritis, presence of DSA against HLA I or II at
time of biopsy, expanded criteria donor, transplant duration and graft fibrosis score ci
(table2). These results demonstrate that fibronectin and/or coll4 expression in the GBM can
predict a late occurrence of TG and could be an interesting biomarker for renal graft

surveillance.
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risk factors HR p 95% 1C
fibronectin/co
114 4.14 0.002 1.65-10.4
Microvasculat
ure inflammation
g+ptc score 2.96 0.038 1.06-8.27
DSA for HLA
class [ or II 0.95 0.78 0.66-1.36
c4d in ptc 0.82 0.74 0.25-2.69
expanded
criteria donor 2.66 0.095 0.84-8.38
donor's age 0.99 0.5 0.96-1.02
duration of 0.9998-
transplant 1.002 0.39 1.0006
graft fibrosis 1.7 0.022 1.08-2.68

Table 1: Independent risk factors for renal graft loss by Logistic regression model analysis.
Fibronectin and/or coll4 expression in the GBM, microvasculature inflammation measured by
g+ptc scores and pre-existent graft interstitial fibrosis ci score at time of biopsy are 3

independent risk factors associated with renal graft loss.

risk factors HR p 95% 1C
fibronectin/coll

4c2 2.96 0.011 1.28-6.8
Microvasculatu

re inflammation g+ptc

score 2.64 0.04 1.05-6.6
DSA for HLA
class [ or II 0.99 0.92 0.75-1.3
expanded
criteria donor 2.5 0.008 1.27-4.9
duration of 1.00 0.99998
transplant 03 0.07 -1.0006

graft fibrosis 1.47 0.035 1.03-2.1
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Table 2: Independent risk factors for late TG occurrence and/or renal graft loss in the group of

patients without Tg at time of biopsy by COX regression model analysis. Fibronectin and/or

coll4 expression in the GBM, microvasculature inflammation measured by g+ptc scores,

expanded criteria donor and pre-existent graft interstitial fibrosis ci score at time of biopsy are

4 independent determinants for late occurrence of TG or graft loss in the group of patients

without TG examined by light microscope at time of biopsy.
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25
CLAIMS:.

A method for predicting whether a transplant subject having the anti-donor specific
antibodies (DSA) and/or suffering from an acute form of antibody-mediated rejection
(ABMR), is at risk of having or developing a chronic form of ABMR with transplant
glomerulopathy (TG), comprising the steps of: i) measuring the expression of
fibronectin and/or type IV collagen in a biological sample obtained from said subject;
il) comparing the expression pattern and level measured at step 1) with its
predetermined reference value, and iii) concluding that the subject is at risk of having
or developing chronic form of ABMR with transplant glomerulopathy (TG) when a
linear expression of fibronectin and/or type IV collagen is observed along the GBM
and the level of expression is higher than its predetermined reference value or
concluding that the subject is not at risk of developing a chronic form of ABMR with
transplant glomerulopathy (TG) when the expression pattern and level of fibronectin

and/or type IV collagen is the same as its predetermined reference value.

A method for early diagnosing a chronic active form of antibody mediated rejection
(caABMR) with transplant glomerulopathy (TG) for the renal transplanted patients
having the anti-donor specific antibodies (DSA) and/or suffering from an acute form of
ABMR, comprising the steps of: 1) measuring the expression of fibronectin and/or type
IV collagen in a biological sample obtained from said subject; ii); comparing the
expression pattern and level measured at step 1) with its predetermined reference value,
and iii) concluding that the subject is having chronic active form of ABMR with
transplant glomerulopathy (TG) when a linear expression of fibronectin and/or type IV
collagen is observed along the GBM and the level of expression is higher than its
predetermined reference value or concluding that the subject is not at risk of having
chronic active form of ABMR with transplant glomerulopathy (TG) when the
expression pattern and level of fibronectin and/or type IV collagen is the same as its

predetermined reference value.

A method for predicting whether a subject suffering from thrombotic microangiopathy
has the glomerular involvement and/or is at risk of having or developing a glomerular
sclerosis and/or glomerular obsolescence, comprising the steps of: i) measuring the

expression of fibronectin and/or type IV collagen in a biological sample obtained from
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said subject; ii) comparing the expression pattern and level measured at step 1) with its
predetermined reference value, and iii) concluding that the subject is at risk of having
or developing glomerular sclerosis and/or glomerular obsolescence when a linear
expression of fibronectin and/or type IV collagen is observed along the GBM and level
of expression is higher than its predetermined reference value or concluding that the
subject is not at risk of developing glomerular sclerosis and/or glomerular obsolescence
when the expression pattern and level of fibronectin and/or type IV collagen is the

same as its predetermined reference value.

. A method for predicting whether a subject suffering from hepatitis C infection has the

glomerular involvement and/or is at risk of having or developing a glomerular sclerosis
and/or glomerular obsolescence, comprising the steps of: i) measuring the expression
of fibronectin and/or type IV collagen in a biological sample obtained from said
subject; i1) comparing the expression pattern and level measured at step i) with its
predetermined reference value, and iii) concluding that the subject is at risk of having
or developing glomerular sclerosis and/or glomerular obsolescence when a linear
expression of fibronectin and/or type IV collagen is observed along the GBM and level
of expression is higher than its predetermined reference value or concluding that the
subject is not at risk of developing a glomerular sclerosis and/or glomerular
obsolescence when the expression pattern and level of fibronectin and/or type IV

collagen is the same as its predetermined reference value.

. A method for predicting whether a transplanted subject is at risk of graft loss

comprising the steps of: 1) measuring the expression pattern and level of fibronectin
and/or collagen IV in a biological sample obtained from said subject; ii) comparing the
expression pattern and level measured at step 1) with its predetermined reference value,
and iii) concluding that the subject is at risk of graft loss when a linear expression of
fibronectin and/or type IV collagen is observed along the GBM and level of expression
is higher than its predetermined reference value or concluding that the subject is not at
risk of graft loss when the expression pattern and level of fibronectin and/or collagen

IV is not different from its predetermined reference value.

. The method according to claims 1 and 5, wherein, the subject is renal transplanted

subject.
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The method according to claims 1 to 5, wherein, the biological sample is a biopsy.

The method according to claims 1 to 5, wherein, the expression pattern and level of

fibronectin and/or collagen IV are measured in the glomeruli.

A method of treating chronic active form of ABMR with transplant glomerulopathy
(TG) in a subject comprising a step of administering to said subject a therapeutically

effective amount of immunosuppressive drugs and anti-ABMR therapy.

The method according to claim 8 wherein, the method comprising following steps: 1)
identifying whether a subject having anti-donor specific antibodies (DSA) and/or
suffering from ABMR is at risk of having or developing chronic active form of ABMR
with transplant glomerulopathy (T'G) according to claims 1 to 2 and ii) administering to
said subject a therapeutically effective amount of immunosuppressive drugs and anti-

ABMR therapy.

A kit for use in vitro diagnosing of chronic active form of ABMR with transplant

glomerulopathy (TG) comprising antibodies specific for fibronectin and/or collagen IV.

A kit for early diagnosing of chronic active form of ABMR with transplant
glomerulopathy TG in a subject comprising at least one reagent for the determination

of an expression level of fibronectin and/or collagen IV.

The kit according to claims 11 to 12 comprises a component for antigen retrieval, and

immunohistochemistry visualization.
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