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ENDOTHELIAL CELLS ACTIVATION BIOMARKERS CHARACTERIZING ANTIBODY
MEDIATED REJECTION AND USES THEREOF

FIELD OF THE INVENTION

[0001] The invention relates to the field of medicine, and more particularly to the detection of
endothelial cell injury and/or activation and to the diagnostic of transplant antibody mediated

rejection.

BACKGROUND OF THE INVENTION

[0002] In transplantation, the antibody mediated rejection (ABMR) is currently a major thread
for the long term graft survival [1-3]. Although important advances have been made in the
detection of preexistent donor specific antibodies (DSA) and the use of desensitization protocols
before transplantation avoids efficiently the hyperacute form of ABMR, the early/acute ABMR
developed in the cross-match positive, but desensitized patients ‘still occurs; and the late/chronic
ABMR because of the presence of de novo DSA or the increased activity of low preexisting title
of DSA now emerges as a leading cause of late graft loss. This form of ABMR is usually at
beginning indolent, but it destroys progressively the graft structure. When the graft function
starts to be altered, the pharmaceutical intervention often has no efficiency because the chronic
ABMR associated graft fibrosis is too extensive and is no longer reversible. However the
diagnosis of the ABMR remains still difficult and mainly based on a triad of criteria: 1) the
presence in the recipient's plasma of donor specific antibodies (DSA) for HLA antigens;
2) inflammation in the micro-circulation of the allograft such as peri-tubular capillaritis (ptc) and
glomerulitis; and 3) deposits of C4d (a fragment of complement) on the endothelial cells of

peritubular capillaries.

[0003] Vascular endothelial cells of an allograft are the major target of the anti-donor specific
antibodies (DSA), in vitro and in vivo experiences [4-7] as well as human renal transplantation
research data [8] showed that the ligation of HLA molecules on the vascular endothelial cells
with corresponding antibodies and/or activation of complement can trigger cell stress response
and by various signaling pathways it can affect the endothelial transcriptional profile and induce
an up-regulation of molecules involved in inflammation, coagulation, cell motility and endothelial

repair, a process reminiscing EndMT.



WO 2013/150375 PCT/IB2013/000867

[0004] Endothelial to mesenchymal transition (EndMT) is a process comparable to Epithelial
to mesenchymal transition (EMT) which is a crucial process during embryo development, cancer
progression, tissue repairing and/or fibrogenesis. During this process, the epithelial cells
undergo a molecular switch from a polarized epithelial phenotype to a highly motile, non-
polarized mesenchymal phenotype including the expression of large amounts of molecules
involved in cell motility which is the necessary mechanism for dispersing cells in embryo during
development, initiating metastasis of epithelial cancer cells and forming interstitial fibroblasts
cells in injured adult tissues. In renal allografts, it has been reported that the epithelial
phenotypic changes, the first steps of EMT, in the tubular epithelial cell was associated with
ongoing renal allograft injury [9-11].

[0005] EndMT has been also described as an important fibrogenic process by which the
endothelial cells of capillaries could be the source of the myofibroblasts during the progression
of the diseases in heart and in kidney [12-14]. However, the detection of EndMT, especially of
the expression of mesenchymal markers such as fascin1, vimentin, or hsp47 on micro-vascular
endothelial cells has never been suggested as an indicator of endothelial cell injury or activation
for detecting acute and/or chronic ABMR of an allograft or other micro vascular endothelial

injury related diseases.

[0006] Fascin1 is an actin-bundling protein. Cross-linking of actin filament by fascin1 is
essential for the formation of lamellipodia or filopodia, which are important structures for cell
motility during embryogenesis and cancer metastasis. The high level of fascin1 expression is
detected at the invasive front of cancers of different cellular origin. Its expression is in contrast
down-regulated when tumor cells reach their metastatic destination and stop migrating. Thus
fascin1 promotes and reflects a motile phenotype in epithelial cells. In addition, an intense
expression of fascin1 was correlated with the increased histological grade and a poor survival of
patients with aggressive carcinomas from many tissues [15]. So far, no study has reported
fascin1 expression in kidney diseases, let alone its possible use as a biomarker of ABMR,
EndMT or cell injury and/or activation.

[0007] Vimentin is an intermediate filament protein expressed only in mesenchymal cells and
is now regarded as a canonical marker of epithelial to mesenchymal transition. In addition to its
interest as a mesenchymal cell marker, recent papers have shown that vimentin can contribute
to EMT via the up-regulation of the expression of several EMT-linked genes [16]. However,
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vimentin has never been suggested for detecting EndMT, as an indicator of endothelial cell
injury or activation or as biomarker for diagnosing ABMR.

[0008] Hsp47 is a well-known stress protein acting as a collagen-specific chaperone in the
folding and the assembly of pro-collagen molecules and is not expressed in endothelial or
epithelial cells of normal tissue [17]. However, hsp47 has never been suggested for detecting
EndMT, as an indicator of endothelial cell injury or activation or as biomarker for diagnosing
ABMR.

[0009] De novo expression of hsp47 and vimentin was observed in tubular epithelial cells in
animal models with kidney injury [18], or in diseased human kidney and in renal transplants
[9,19]. However, the expression of hsp47 and vimentin in vascular endothelial cells was not
studied in human renal diseases. Mahesh et al. have shown the expression of vimentin in
leukocytes and in some endothelial cells of rat cardiac allografts after the injection of a specific
antibody against vimentin [20]. Ohba et al. have shown hsp47 expression in interstitial cells but
not in endothelial cells in the renal aliografts with ABMR [21].

[00010] The medical community stresses the necessity of developing new biomarkers in
diagnosis, grading and staging of ABMR [22] because the current criteria are neither necessary
nor sufficient: The presence of DSA in the plasma of patients is a pre-requisite for the diagnosis
of ABMR, but it is not always associated with ABMR and we still don’'t know the biological
significance of low alloantibody levels detected by the very sensitive method Luminex™. In
addition, some antibodies may be present in the context of accommodation that is without
significant harmful effect even if C4d is detected. In contrast, some anti-donor antibodies
directed against MICA or MICB antigens or other anti-endothelial cell antibodies [23-25] are not
included in the panel of DSA detection. The presence of C4d on the peritubular capillaries is a
good witness of complement activation thus strongly suggestive of ABMR. Yet, recent studies
pointed out its poor sensitivity as a diagnostic tool, since it can detect only 50-60% of ABMR
patients [8,26]. Currently, the presence of inflammatory cells in microcirculation such as
capillaritis and glomerulitis is considered as a strong indicator of ABMR which obviously reflects
antibody mediated graft injury. However, a small amount of inflammatory cells in the capillaries
may be difficult to be assessed by routine morphological analysis. Even though, the clinical
significance of a small amount of inflammatory cells in the microcirculation is not yet established
and it is likely that many patients with mild ABMR are underdiagnosed and not appropriately

 treated.
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[00011] Early and accurate diagnosis of these two forms of ABMR is thus important because a
specific treatment, different from that of T cell mediated rejection, can be proposed for these
patients including plasma exchanges, lvlg, anti-CD20 antibodies (rituximab) and proteasome
inhibitor (bortezomib). Otherwise, in the absence of appropriate treatment, the patients can lose
their graft rapidly. In addition, when the diagnostic can be made with certainty, undue over-
immunosuppression and high level expenses will be prevented for the patients who needn’t.

[00012] There is further a need for methods aliowing the diagnosis of endothelial injuries in the
diseased organs other than transplants and for direct endothelial cell activation markers which
can be used in the clinic.

[00013] The present invention addresses these needs, as it relates to methods, biomarkers,
kits and treatment approaches useful in the diagnosis, grading and staging of endothelial cell
injury, which is useful in the diagnosis and prevention of development and progression of
antibody mediated transplant rejection, as well as other solid organ diseases associated with
endothelial cell injury.

[00014] Additional features of the invention will be apparent from review of the disclosure,
figures, and description of the invention below.

BRIEF SUMMARY OF THE INVENTION

[00015] According to a first aspect, the invention is concerned with a method for detecting
vascular endothelial cell injury and/or activation in a mammalian subject. The method comprises
detecting endothelial to mesenchymal transition (EndMT) and EndMT is indicative of presence
of cell injury and/or activation. In various embodiments, detecting EndMT comprises assessing
expression of one, two or three biomarkers selected from the group consisting of Fascin1,
Vimentin and Hsp47.

[00016] According to a second aspect, the invention is concerned with a method for
diagnosing antibody mediated rejection (ABMR) in an allograft. The method comprises
assessing expression level of at least one biomarker selected from the group consisting of
Fascin1, Vimentin and Hsp47 and wherein the expression ievel is indicative of the presence or
absence of ABMR in the allograft. In some embodiments the allograft is a sensitized allograft. In.
some embodiment, the method further comprises the step of excluding recurrent diseases
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and/or other diseases possibilities such as excluding allo-antibody independent vascular
diseases such as thrombotic microangiopathy or small vessel vasculitis.

[00017] According to a third aspect, the invention is concerned with a method for identifying a
mammalian subject showing endothelial injury. The method comprises assessing in endothelial
cells expression level of at least one biofnarker selected from the group consisting of Fascin1,
Vimentin and Hsp47, and wherein said expression level is indicative of the presence or absence
of endothelial injury.

[00018] According to a fourth aspect, the invention is concerned with a method for preventing
progression of antibody mediated tissue injury in a subject with an allograft. The method
comprises measuring in the allograft of the patient expression of at least one biomarker selected
from the group consisting of Fascin1, Vimentin and Hsp47, wherein the expression is indicative
of an endothelial injury binding of donor specific antibodies (DSA) to endothelial cells (and/or
consecutive to related cellular consequences); and reducing the level and/or the production of
said DSA. Preferably, the method further comprises protecting the allograft against antibody
mediated tissue injury. In some embodiments, the expression is indicative of an endothelial
injury consecutive to binding of donor specific antibodies (DSA) which engage a cel_l response.
In other embodiments, the expression is indicative of endothelial cell reaction to the binding of
DSA. The method may further comprises protecting the allograft against further injury such as
complement activation and/or other antibody mediated graft injury. In some embodiments, the
method comprises protecting the allograft through complement inactivation, for instance by
administration of anti-C5 antibodies to the engrafted subject.

[00019] According to a further aspect, the invention is concerned with a non-invasive method
for the detection of EndMT markers, including but not limited to detection in the blood and/or
urine of an engrafted recipient. '

[00020] The invention further relates to a kit for diagnosing endothelial to mesenchymal
transition (EndMT) during acute and/or chronic antibody mediated rejection (ABMR) of an
allograft. The kit comprises a combination of antibodies specific for at least two biomarkers
selected from the group consisting of Fascin1, Vimentin and Hsp47. In a preferred embodiment,
the kit is optimized for immunohistochemistry and it further comprises components for
immunohistochemistry visualization. |
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[00021] An advantage of the invention is that it provides means and biomarkers suitable and
precisely for direct detection of endothelial cell injury due to ABMR and the other micro-vascular
endothelial injury related diseases.

[00022] Additional aspects, advantages and features of the present invention will become
more apparent upon reading of the following non-restrictive description of preferred
embodiments which are exemplary and should not be interpreted-as limiting the scope of the
invention.

BRIEF DESCRIPTION OF THE FIGURES

[00023] In order that the invention may be readily understood, embodiments of the invention
are illustrated by way of example in the accompanying figures.

[00024] Figure 1 is a panel of pictures showing EndMT marker expression (fascin1, vimentin
and hsp47) in the normal kidney (A1, B1, C1) and in the renal graft with acute ABMR (A2, B2,
C2).Figure 1-A1:No vimentin expression in the peritubular capillary endothelial cells in Normal
kidney; Figure 1-A2: Intense vimentin expression in the peritubular capillary endothelial cells in
Renal allograft with acute ABMR; Figure 1-B1:Limited peri-nuclear expression of fascin in the
glomerular and peritubular capillary endothelial cells in Normal kidney; Figure 1-B2: Intense
cytoplasmic fascin expression in the peritubular capillary endothelial cells in Renal allograft with
acute ABMR; Figure 1-C1: No hsp47 expression in the peritubular capillary endothelial cells in
Normal kidney; Figure 1-C2: Intense hsp47 expression in the peritubular capillary endothelial
cells in Renal allograft with acute ABMR.

[00025] Figure 2 is a bar graph showing levels of EndMT marker expression (fascin1, vimentin
and hsp47)in endothelial cells of peritubular capillaries in normal allografts, in the allografts with
acute cell mediated rejection (CMR) or in the allografts with acute ABMR (aABMR) and chronic
ABMR (cABMR).

[00026] Figure 3 is a bar graph comparing of endothelial expression level of EndMT markers
(fascin1, vimentin and hsp47)in the allograft in presence or absence of peritubular deposition of
CA4d.

[00027] Figure 4 is a bar graph comparing endothelial expression level of EndMT markers
(fascin1, vimentin and hsp47) in the patients according to the presence or absence of anti-donor
specific HLA (class | or Il) antibodies (DSA) in their plasma.

-6-
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[00028] Figure 5A is a panel of pictures showing expression of EndMT markers (fascin1,
vimentin and hsp47) in the endothelial cells of peritubular and glomerular capillaries of renal
graft of a patient who was not diagnosed as ABMR at time of biopsy.

[00029] Figure 5B is a panel of pictures showing evident ABMR lesions in a subsequent
biopsy of the renal transplanted patient referred to in Figure 5A.

[00030] Figures 6A and 6B are line graphs showing the different time courses of graft
function (Fig. 6A) or proteinuria (Fig. 6B) according the presence or absence of EndMT marker
expression at time of biopsy or 1, 2, 3 or 4 years post biopsy in the patients who were not
diagnosed as ABMR at time of biopsy.

[00031] Figures 7A and 7B are line graphs illustrating ROC curve analyses and showing the
value of EndMT marker (Fig. 7A) or of peritubular capillaries (ptc) (Fig. 7B) for the diagnosis of
ABMR.

[00032] Figures 8A and 8B are line graphs illustrating different time course of graft function
(Fig. 8A) or proteinuria (Fig. 8B) according the presence or absence of EndMT marker
expression in the perifubular capillary cells, at time of biopsy or 1, 2, 3 or 4 years post biopsy in
the patients with ptc.

[00033] Figure 9 is a line graph illustrating ROC curve analysis in the second setting of 74
biopsies confirming an excellent value of EndMT marker for the diagnosis of ABMR.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

[00034] In the following description of the embodiments, references to the accompanying
drawings are by way of illustration of an example by which the invention may be practiced. It
will be understood that other embodiments may be made without departing from the scope of
the invention disclosed.

A) General overview of the invention

[00035] To date, the diagnosis of the ABMR is difficult and mainly based on a triad of criteria:
(1) the presence in the recipient's biood of antibodies specific for the donor HLA antigens
(DSA); (2) inflammation in the micro-circulation of the allograft (named peri-tubular capillaritis
and glomerulitis); and (3) deposits of C4d (a fragment of complement) on the endothelial cells of

peritubular capillaries.
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[00036] With regard to DSA, their presence is a pre-requisite for the diagnosis of ABMR.
However it does not necessarily indicate 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 anti-endothelial cell antibodies which are not included in the present
panel of DSA detection.

[00037] Currently 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
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 [27]. And as an indirect evidence of endothelial cell activation, it may
present in a relative late stage of disease; last, a small amount of infammatory 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.

[00038] 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 were C4d negative.

[00039] The inventors have discovered direct biomarkers of endothelial cell injury for the
diagnosis of ABMR which are much more sensitive than the existing indirect markers. These
direct biomarkers are Fascin1, Vimentin and Hsp47, and they can be used separately or in
combination of two or three.

[00040] More particularly, the inventors have found that endothelial to mesenchymal
phenotypic switch or endothelial to mesenchymal transition (EndMT) can be used to reflect the
degree of endothelial activation in patients who developed donor specific antibodies (DSA).
Such information can then be used to increase the capacity of the pathologists or clinicians to
diagnose acute and chronic ABMR of an allograft in mammalian subjects.

[00041] After studying a plurality of biomarkers, the inventors have found that, at least in the
case of a renal allograft, the combination of Fascin1, Vimentin and HSP47 expressed by

8-
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endothelial cells of peri-tubular capillaries provides the best combination for diagnosis purposes.
This discovery thus supports many diagnostic and detection methods for use in the clinic, kits
therefor, as well as new therapeutic methods for preventing the progression of antibody
mediated tissue injury of various types of allografts.

B) Diagnostic methods

[00042] As indicated hereinbefore and exemplified hereinafter, one aspect of the invention
concerns methods and at least one biomarker selected from Fascin1, Vimentin and Hsp47:
(i) for detecting endothelial cell injury and/or activation in a mammalian subject; (ii) for
diagnosing acute and/or chronic antibody mediated rejection (ABMR) in an allograft; (iii) for
identifying a mammalian subject showing vascular endothelial injury related diseases; and/or
(iv) for preventing the progression of antibody mediated tissue injury in a sensitized subject with
an allograft. The invention also encompasses all possible particular combinations of two or three
biomarkers such as: Fascin1 and Vimentin; Fascin1 and Hsp47; Vimentin and Hsp47; and the
combination of Fascin1, Vimentin and Hsp47.

[00043] According to a first aspect, the invention relates to a method for detecting endothelial
cell injury and/or activation in a mammalian subject. In one particular embodiment, the method
comprises detecting endothelial to mesenchymal transition (EndMT) and, according to this
method, EndMT is indicative of presence of endothelial cell injury and/or activation.

[00044] In one embodiment, the endothelial cell injury and/or activation is detected in a
sensitized allograft (i.e. with the presence of DSA) and is indicative of an antibody mediated
rejection (ABMR) of the allograft. In another embodiment the tissue is a solid organ and the
endothelial cell injury andfor activation is indicative of any one of small-vessel vasculitis,

thrombotic microangiopathy, and/or anti-phospholipid syndrome.

[00045] According to a further aspect, the invention relates to a method for diagnosing
antibody mediated rejection (ABMR) in a sensitized allograft. In one particular embodiment, the
method comprises assessing expression levels of a combination of biomarkers consisting of
Fascin1, Vimentin and Hsp47 and, according to this method, these expression levels are
indicative of the presence or absence of ABMR in said allograft.

[00046] According to another aspect, the invention relates to a‘method for identifying a
mammalian subject showing endothelial injury. In one particular embodiment, the method

-9-
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comprises assessing in endothelial cells expression levels of a combination of biomarkers

consisting of Fascin1, Vimentin and Hsp47.

[00047] As used herein the term “subject’ includes complex living organisms susceptible to cell
injury, and more particularly living organisms in which acute or chronic humoral rejection (i.e.
acute and/or chronic ABMR) can occur. The term “subject” includes animals such as mammals.
Preferably, the subject is a mammal, including, but not limited to, species such as a human, a
dog, a cat, a horse, a bovine, a rabbit, a rat, a mouse, and wild animals living in zoos (e.g. lion,
tiger, elephant, panda, bear, etc.). More preferably, the subject is a human. Even more
preferably, the subjebt is a human patient in need of treatment, including but not limited to, an
éngrafted human patient who has received an allograft.

[00048] As used herein the term “allograft’ refers to a surgical transplant of tissue between
genetically different individuals of the same species. The term allograft excludes isografts and
xenografts. The term allograft encompasses any solid organ transplant such as a renal allogratt,
a heart allograft, a lung allograft, a liver allograft, a pancreas allograft, an intestine allograft
and/or a body member allograft (e.g. hand, feet, leg, etc). It also includes other allografts such
as muscle allograft, face engraft,'eyes, etc.

[00049] Accordingly, the invention also relates to a diagnostic method for detecting endothelial
cell injury and/or activation in a human patient having an allograft. In one embodiment the
method comprises: .‘

- obtaining a biological sample from said human patient; and

- detecting endothelial to mesenchymal transition (EndMT);
wherein presence of EndMT is indicative of cell injury and/or activation.

[00050] In ohe particular embodiment, detecting EndMT comprises assessing expression in
the allograft of at least one biomarker (preferably two and more preferably three biomarkers)
selected from Fascin1, Vimentin and Hsp47. In one embodiment, the biological sample is a
biopsy of the allograft. In another embodiment, the biological sample is a urine sample or a
plasma sample.

[00051] The invention further relates to a diagnostic method for detecting an antibody mediated
rejection (ABMR) in a human patient having an allograft. In one embodiment the method
comprises:

- obtaining a biological sample from said human patient; and

-10 -
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- assessing expression of at least one biomarker (preferably two and more preferably
three biomarkers) selected from the group consisting of Fascin1, Vimentin and Hsp47,
wherein said expression level is indicative of the presence or absence of ABMR in said allograft.

[00052] In one embodiment, the biological sample is a biopsy of a renal allograft, a heart
allograft, a lung allograft, a liver allograft, a pancreas allograft and/or an intestine allograft. In
another embodiment, the biological sample is a urine sample or a plasma sample.

[00053] In other embodiments, the subject may be afflicted by a disease or condition directly or
indirectly related to the production of donor specific antibodies (DSA), a virus infection, a toxin
aggression, coagulation problem, or auto-inflammatory diseases.

[00054] In some embodiments, detecting EndMT comprises assessing expression of one, two
or three biomarkers consisting of Fascin1, Vimentin and Hsp47. In specific embodiments, the
endothelial to mesenchymal transition (EndMT) is shown by an upregulation of fascin1 and de
novo expression of vimentin and hsp47 in the endothelial cell of peritubular and/or glomerular

capillaries.

[00055] Increased expression levels for each of Fascin1, Vimentin and Hsp47 may be detected
compared to control values. In some embodiments, the control values are expression levels (i.e.
average value) in normal kidney samples obtained from the healthy part of kidneys from
nephrectomies performed due to renal carcinoma or in subjects without endothelial cells-related
disease. For instance, in the examples, the level of fascin1, vimentin and hsp47 expression in
endothelial cells was semi-quantified from the proportion of peritubular capillaries displaying
positive staining: 0: none, 1: < 10%; 2: 10% to 24% 3: 25% to 50%, 4: > 50%. Equal or more
than 10% of peritubular capillaries showing fascin1, vimentin or hsp47 was defined as EndMT
positive allograft.

[00056] Expression of the biomarkers of the invention may be assed using any suitable method
or technique. In the examples, the expression of fascin1, vimentin and hsp47 was assessed by
immunohistochemistry on paraffin tissue in using specific antibodies against fascin1, vimentin or
hsp47. The immunoreactive proteins were visualized using Envision™ + HRP system (AEC)
(DakoCytomation™). Immunohistochemistry is preferred to ascertain that the expression of
these markers is in endothelial cells. /n situ hybridization or tPCR for detecting mRNA is also
conceivable, yet likely much less economical in terms of money and time required.

—11-
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[00057] It is also conceivable to detect only peptidic fragments of fascin1, vimentin and hsp47.
It is also conceivable to detect expression of these biomarkers at the molecular or nucleic acid
level (e.9. mRNA or protein) by suitable methods and techniques such as RT-PCT, in situ
hybridization, immunoblotting, or flow cytometric analysis etc.

[00058] In addition, the invention encompasses non-invasive methods of detection and one
may envision assessing expression of one, two or the three biomarker(s) fascin1, vimentin and
hsp47 in biological fluids (e.g. urine, plasma, etc.) as summarized in Example 3. The level
measured in a biological fiuid could be compared to the level of the biomarker(s) in patients with
ABMR and/or be compared with the level of the biomarker(s) in patients with a normal allograft.

[00059] As indicated herein before, the principles of the invention are applicable to humans
and to other mammalian species. Table 1 hereinafter provides relevant information about

biomarkers of the invention in different mammalian species.

Table 1: GenBank™ Accession numbers (Gene ID) for Fascin1, Vimentin and Hsp47

Species Fascin1 Vimentin Hsp47
Human 6624 7431 871
dog 489880 477991

bovine 507342 280955

equine 100056088

[00060] In the setting of transplantation, it is envisioned that that ABMR of non-renal allografts
would as well be diagnosed using the present invention because the microvascular damage
induced by anti-donor HLA antibodies is broad and not organ-specific. In addition, there are
pathologies that will injure the native endothelium (e.g. a vasculitis, a thrombotic
microangiopathy), suggesting applicability of the invention to various transplanted or non
transplanted organs or tissues. Accordingly, invention encompasses various types of allografts
including, but not limited to, a renal allograft, a heart transplant, a lung allograft, a liver allograft,
a pancreas allograft, an intestine allograft, a body member allograft, a muscle allograft, a face
allograft and other body parts such. As used herein, “engrafted” recipient or “engrafted” human
patient, refers to a subject whom has been the subject of a an allograft or transplantation.

[00061] According to the preferred embodiments, expression of the three biomarkers according
to the invention are assessed or used in combination. As used herein, the term "combination"
refers to a test or method where the three biomarkers are assessed together. As used herein,
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"combination" also encompasses tests or methods where the three biomarkers are assessed
separately. For instance “combination” encompasses means in which the first (or second or
third) biomarker is assessed, wherein second (or first or third) biomarker may have been
previously been assessed. The assessment of the three biomarkers may also be executed step-
wise by the same or by different actors and by similar or by different techniques. For example,
one actor may assess the first biomarker with one given technique, and a second actor may
assess the second and/or third biomarker(s) by using the same or different technique(s). The
assessment steps may be executed at the same time, or nearly the same time, or at distant
times, in the same or in different sample(s) so long as it is possible to obtain a combined
assessment on the subject. In a preferred embodiment, the three biomarkers are assessed
simultaneously in the same tissue sample or in the same biopsy, or in the different biopsies
within a relatively short period of time (i.e. less than 1 week).

[00062] C) Therapeutic applications

[00063] Related aspects of the invention concern a method for preventing the progression of’
antibody mediated tissue injury in a subject with a sensitized allograft. In one embodiment the
method comprises: measuring in the allograft endothelial cell expression of at least one
biomarker (preferably a combination of two or three biomarkers) consisting of Fascin1, Vimentin
and Hsp47, wherein the expression is indicative of an endothélial injury consecutive to binding
and cellular consequences of donor specific antibodies (DSA) which have the property to target
the endothelial cells and subsequently to engage a cellular response. Thus the expression of
these endothelial biomarkers would help to identify the patients in whom reducing the level and
the production of DSA is desirable or even mandatory in order to protect the allograft.

[00064] Reducing the level and the production of the DSA and/or protecting the allograft may
be achieved using any suitable medical means known to those skilled in the art. In one
embodiment, such reduction and protection comprise a therapeutic intervention with the subject
such as administration of antithymomcy globulin (ATG), administration of monoclonal anti-CD20
“antibodies (rituximab), administration of proteasome inhibitor (bortezomib), intravenous
administration of immunoglobulins, plasmapheresis, administration of anti-C5 antibodies
(eculizumab) and splenectomy. Accordingly, the invention encompasses treatment methods
wherein it becomes possible to block an allograft rejection or at least reduce aggravation of the

rejection.
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[00065] As used herein, "preventing" or "prevention" is intended to refer to at least the
reduction of likelihood of the risk of (or susceptibility to) acquiring a disease or disorder (i.e.
causing at least one of the clinical symptoms of the disease not to develop in a subject that may
be exposed to or predisposed to the disease, but does not yet experience or display symptoms
of the disease). Biological and physiological parameters for identifying such patients are
provided herein and are also well-known by physicians and include presence in the plasma of
patient's donor specific antibodies (DSA). More particularly, the methods of the invention may
be useful in detecting the ABMR in an early phase (e.g. without evident clinical or morphological
signs) and then preventing progression of tissue injury in antibody mediated rejection (ABMR)
with a suitable intervention in an engrafted subject.

[00066] The terms ‘“treatment’ or “treating” of a subject includes the application or
administration of a suitable compound, or composition of the invention as defined herein to a
subject (or application or administration of a compound or composition of the invention to a cell
or tissue from a subject) with the purpose of delaying, stabilizing, curing, healing, alleviating,
relieving, altering, remedying, ameliorating, improving, or affecting the disease or condition, the
symptom of the disease or condition, or the risk of (or susceptibility to) the disease or condition.
The term “treating” refers to any indicia of success in the treatment or amelioration of an injury,
pathology or condition, including any objective or subjective parameter such as abatement,
remission, slowing disease progression or severity, stabilization, diminishing of symptoms or
making the injury, pathology or condition more tolerable to the subject, slowing in the rate of
degeneration or decline, making the final point of degeneration less debilitating, or improving a
subject's physical or mental well-being. In some embodiments, the term “treating” can include
increasing a subject’s life expectancy and/or delay before additional treatments are required. -

[00067] D) Kits

[00068] Given the correlation which exists between expression of the biomarkers Fascin1,
Vimentin and Hsp47 and endothelial cell injury and/or activation, quantification of the expression
of these three biomarkers may potentially detect any significant harm on the endothelium.

[00069] Accordingly, a related aspect of the invention relates to kits for diagnosing acute
and/or chronic ABMR of an allograft, comprising a combination of antibodies specific for at least
two biomarkers selected from Fascin1, Vimentin and Hsp47. In one embodiment, the Kkit
comprises a combination of antibodies specific for each of Fascin1, Vimentin and Hsp47 (i.e. a
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combination of the different antibodies each specific for a given biomarker). According to the
present invention, any kit comprising a combination of at least antibodies specific for Fascin1,
Vimentin and Hsp47 is presumed to be a kit for use in diagnosing acute and/or chronic ABMR.

[00070] The kits of the invention may be particularly useful for applications in animals and
humans according to the detection and/or diagnostic methods described hereinbefore. More
particularly, the kits disclosed may be helpful for laboratory and diagnostic purposes in animals
and humans: (i) for detecting endothelial cell injury and/or activation; (ii) for diagnosing acute
and/or chronic antibody mediated rejection (ABMR) in an allograft; (iii) for identifying a subject
showing endothelial injury related diseases (e.g. a vasculitis, a thrombotic microangiopathy, an
antiphospholipid syndrome); and/or (iv) for preventing progression of antibody mediated tissue
injury in a sensitized sdbject with an allograft or of other endothelial injury related diseases in a
native and/or transplanted organ in mammalian subjects.

[00071] A kit of the invention may further comprise one or more of the following elements:
paraffin slides containing the kidney tissue with the endothelial cell production of Fascini,
Vimentin and Hsp47 in peritubular capillaries to be used as positive controls; a buffer for target
retrieval which may be used preceding the immunostaining; endogenous peroxidase blocking
solution; incubation buffer(s), specific antibodies against fascin1, vimentin and hsp47;
horseradish peroxidase (HRP) system for visualizing immunoreactions; a user manual, suitable
components associated to detection of the biomarkers in plasma and/or urine, etc. Preferably
the kit is optimized for immunohistochemistry and the kit further comprises components for

immunohistochemistry visualization.

[00072] Those skilled in the art will recognize, or be able to ascertain, using no more than
routine experimentation, numerous equivalents to the specific procedures, embodiments,
claims, and examples described herein. Such equivalents are considered to be within the scope
of this invention, and covered by the claims appended hereto. The invention is further illustrated
by the following example, which should not be construed as further or specifically limiting.

EXAMPLES

[00073] The Examples set forth herein below provide exemplary methods and results showing
detection of EndMT and diagnosis of ABMR in renal allografts. Also provided are exemplary
methods for assessing expression of the biomarkers of the invention.
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Example 1: Assessment of the expression of Fascin1, Vimentin and Hsp47 in human
renal engrafted patients

[00074] In the present example, 127 biopsies from 118 patients from a renal transplant center
(Tenon hospital in Paris, France) were included in a study.

[00075] By immunohistochemistry, in the first setting of 53 biopsy, the expression of fascint,
vimentin and hsp47 in the endothelial cells of peri-tubular capillaries was studied and semi-
quantified in 14 patients diagnosed clinically by physicians and treated as acute ABMR, plus 6
diagnosed with chronic ABMR. 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, 9 allograft protocol biopsies showing a normal transplant, and 24 transplant
biopsies with Cell Mediated Rejection (CMR).

[00076] The results show an important and significant up-regulation of fascin1 and of de novo
expression of vimentin and of hsp47 in the endothelial cells of peri-tubular capillaries in the
patients with ABMR comparing to those in the control groups (Figure 1 and Figure 2). The level
of expression of these EndMT markers was significantly correlated by a spearman’s correlation
test with the scores of micro vascular inflammation such as peri-tubular capillaritis (with
rho=0.61, p<0.0001; rho=0.54, p<0.0001; rho=0.37, p=0.0083 for fascin1, vimentin and hsp47
respectively) and glomerulitis (with rho=0.5, p=0.0001; rho=0.43, p=0.0012; rho=0.45, p=0.0009
for fascin1, vimentin and hsp47 respectively), Moreover the EndMT highest score was
negatively correlated with the allograft function (with rho=-0.454, p=0.0006; rho=-0.43,
p=0.0016; rho=-0.61, p<0.0001; rho=-0.634, p<0.0001; rho=-0.69, p<0.0001 for the estimated
graft filtration rate (eGFR) at time of biopsy or one, two, three or four years post biopsy
respectively) and positively with the abundance of proteinuria (with rho=0.5, p=0.0002;
rho=0.31, p=0.0493; rho=0.6, p=0.0001; rho=0.341, p=0.06; rho=0.427, p=0.04 for the
proteinuria at time of biopsy or one, two, three or four years post biopsy respectively).

[00077] In addition, expression of these EndMT markers was significantly more intense in the
allografts with C4d positive detected in peri-tubular capillaries than in that with C4d negative
staining (m=3+0.6 vs 1.68%1.3, p=0.004; m=3.3+0.7 vs 1.35%¢1.3, p=0.0001; m=2.2+1 vs
1.17+1.2, p=0.026) (Figure 3). Data obtained from a later experiment showed that the level of
expression was also significantly higher in patients having anti-donor specific antibodies (DSA)
in their plasma compared to those without (Figure 4).
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[00078] More interestingly, the EndMT markers were found to be more sensitive and more
accurate compared to the current criteria for the diagnosis of ABMR. For example, the
expression of EndMT markers was found in some patients who were not diagnosed as ABMR
by the current Banff criteria at time of biopsy (11 patients diagnosed as CTMR and 2 considered
as normal graft, Figure 5A), suggesting unrecognized endothelial cell activation at the time of
biopsy in these patients. Progressive loss of graft function and the occurrence of proteinuria,
two important clinical events in patients with ABMR, were observed in these patients compared
to those without EndMT marker expression who kept stable graft function up to 4 years post
biopsy (Figure 6A) although all patients (with or without EndMT expression) had an equal level
of graft function at time of biopsy. Similar results were obtained for proteinuria (Figure 6B).
More convincingly, in the group of 13 patients expressing EndMT markers (Figure 5A), six
(6) patients had subsequent biopsy and ABMR was diagnosed in five (5) patients (Figure 5B),
whereas in the 20 patients without EndMT marker expression, eight (8) had subsequent
biopsies and no patient was diagnosed as ABMR.

[00079] When we correct retrospectively the diagnosis of patients with the additional biopsies
which demonstrated the ABMR lesions, ROC curve analysis showed a very good value of
EndMT markers for ABMR diagnosis. The calculated area under the curve (AUC) was 0.95
[95% CI=0.89-1] (Figure 7A). Using 2 as cutoff value which showed the best compromise of
sensitivity (fraction of true positive results) and specificity (1- false positive results), ABMR was
diagnosed with a sensitivity of 96% and a specificity of 85%; If we use 3 as cutoff value for
EndMT score, ABMR will be diagnosed by EndMT markers with a sensitivity of 72% but a
specificity of 95%. However, using ptc as the diagnostic tool, the AUC was only 0.78 [95%
C1=0.64-0.915] (Figure 7B) which gave a sensitivity of 84% and specificity of 60% when 1 was
used as the cutoff value or a sensitivity of 64% and specificity of 85% if 2 was used as the cutoff
value of ptc. The good diagnostic value of EndMT markers was also confirmed by a logistic
regression model analysis with a LR chi2(4)=38.44, pseudo R2=0.72, p<0.0001, which revealed
that EndMT marker expression was an independent risk factor associated with ABMR, with an
odds ratio of 21.8 (95% CI=[1.97-241], p=0.012) after adjustment with ptc, HLA | antibodies and
eGFR at time of biopsy. Moreover the likelihood-ratio test showed that the addition of EndMT
markers into the logistic regression model including ptc, HLA | and eGFR at time of biopsy
made the model fit significantly better for the diagnosis of ABMR, yielding a LR chi2 of 19.31
with p<0.0001. This test confirmed that EndMT was not only an independent but also necessary
marker for improving ABMR diagnosis.
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[00080] Considered currently as a more reliable diagnostic criterion of ABMR, peri-tubular
capillaritis (ptc) has been shown to be closely associated with graft dysfunction and proteinuria
in renal engrafted patients. However, in the patients with ptc, only those expressing EndMT
markers at the time of biopsy deteriorated progressively their graft function, while for those who
did not express EndMT markers, the graft function remained stable up to 4 years post
transplantation (Figure 8A). Similarly for proteinuria, in the patients with ptc, only those
expressing EndMT markers had higher level of proteinuria up to 4 years post biopsy when
compared with those without EndMT marker expression (Figure 8B). The good predictive value
of EndMT markers for long term graft function loss was confirmed by a logistic regression model
analysis, which revealed that EndMT marker expression was an independent risk factor for a
low eGFR prediction at 4 years post-biopsy, with an odds ratio of 12.63 (95% CI=[1.086-146.8],
p=0.043) after adjustment with ptc, C4d, Cl and eGFR at time of biopsy. Moreover the
likelihood-ratio test showed that the addition of EndMT markers into the logistic regression
model including ptc, C4d and eGFR at time of biopsy made the model fit significantly better for
predicting long term graft dysfunction, yielding a LR chi2 of 10.69 with p=0.0011. This test
confirmed the value and the necessity of EndMT marker detection for graft surveillance.
Comparing to C4d detection which was diffusely or focally positive only in 64% of ABMR, the
markers of EndMT were positive in most of patients including those C4d- ABMR patients: when
the score 2 was taken as cut off value, individually fascin1 was positive in 96%; vimentin was
positive in 80% and hsp47 was positive in 68% of ABMR patients.

[00081] The diagnostic value of EndMT for ABMR was confirmed in a second independent
setting of 74 renal transplant biopsies which showed a high level of EndMT marker expression
in micro vascular endothelial cells in the patients with ABMR and the expression of these new
markers was significantly associated with current ABMR diagnostic criteria such as
microvascular inflammation, C4d peritubular capillary deposition and DSA. Again the graft
dysfunction and proteinuria were associated with the EndMT marker expression. High sensitivity
and specificity of EndMT markers for the diagnostic of ABMR was confirmed in this setting of
biopsies by ROC curve analysis. The AUC was 0.98 [95%CI=0.956-1] (Figure 9) and ABMR
was diagnosed by EndMT markers with a sensitivity of 100% and a specificity of 85% if 2 was
used as the cutoff value of EndMT; or with a sensitivity of 85.7% and a specificity of 96.7% if 3
was used as the cutoff value.

[00082] Taken together, these results indicate EndMT detected by the endothelial expression
of fascin1, vimentin and hsp47 is a direct proof for vascular endothelial cell activation which
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offers a more sensitive and more accurate marker for ABMR diagnosis. Therefore, combined
assessment of fascin1, vimentin and hsp47 expression can be used as a new tool to diagnose
ABMR in various types of allografts, particularly in renal allografts. Because the vascular
endothelial cells are the major target of alloantibody and the mechanism of endothelial injury in
allografts is indeed generic and not tissue-specific: in several non-kidney solid allografts such as
the heart, lung, liver or the intestine, DSA will also lead to microvascular injury and cause the

loss of allograft function.

[00083] These results also support the concept of therapeutic applications. For instance,
expression of fascin1, vimentin and hsp47 can serve as an indicator of an endothelial injury
consecutive to binding of donor specific antibodies (DSA) which will engage a cellular response
by the endothelium, and whenever necessary, the therapeutic process can be introduced in an
early stage such as to reduce the level of alloantibodies, to stop the production of DSA and to
protect the allograft against the antibody mediated tissue injury.

[00084] Example 2: Diagnosis of antibody mediated rejection (ABMR) in engrafted
human patients

[00085] In clinic, antibody mediated rejection (ABMR ) is disclosed by the biopsy of patients
mostly for cause i.e. because of the deterioration of their graft function or of proteinuria,
however, few cases can be found by surveillance biopsies i.e. without alteration of graft
function. In such biopsies, when micro-circulation inflammation such as glomerulitis or
capillaritis is observed along with deposition of C4d in the peritubular capillaries in the presence
of donor specific antibodies (DSA) to HLA antigen in recipient's plasma, the diagnosis of
antibody mediated rejection is established. However, in the practice, we often meet some
atypical cases, who do not fulfill these 3 criteria for antibody mediated rejection (ABMR) as
defined by the international Banff group,

[00086] For example, a kidney recipient, engrafted three months earlier and known to express
donor specific anti HLA antibodies, undergoes a surveillance biopsy (no allograft dysfunction)
that discloses some degree of capillaritis, yet the C4d staining is negative, leaving the clinicians
with a doubtful diagnosis of antibody mediated rejection.

[00087] In this case, the invention would offer a direct proof of endothelial (major target of
alloantibodies) injury and/or activation thus supporting the diagnosis of DSA-mediated allograft
injury and hence antibody-mediated rejection, would the EndMT markers stain positive.
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[00088] Another example: EndMT markers will stain positive in patients with DSA yet no
notable or low grade capillaritis but without capillary dilation, as early biomarkers of antibody-
mediated rejection. This would further increase the interest in these markers. This is the case
referred in Figure 5, and need to be confirmed in a population of DSA positive patients with no
or low grade capillaritis without capillary dilation, but with positive EndMT markers, to determine
whether they were diagnosed with antibody-mediated rejection at fater time points.

[00089] Example 3: Non-Invasive detection

[00090] It is conceivable according to the present invention to use non-invasive methods for
the detection of EndMT markers, including but not limited to detection in the blood and/or urine
of an engrafted recipient.

[00091] For instance, the upregul'ated expression of fascin1, vimentin and/or hsp47 by
vascular endothelial cells during ABMR could be further detected in the plasma and/or in the
urine using suitable detection methods of proteins such as Enzyme-linked immunosorbent
assay (ELISA) or immunoblottings.

[00092] Upregulated expression of any of the three biomarkers could also be detected by RT-
PCR, flow cytometric analysis or the like in detached vascular endothelia cells or in the
microparticules shed from the broken endothelial cells that may be present the blood of an
engrafted recipient or of patients with microvascular endothelial activation related diseases . .

[00093] Because of their non-invasive nature such methods could be repeated frequently for
allowing a continuous monitoring of the subject’s condition and continuous risk assessment of
graft rejection. The biomarker(s) expression obtained by using such non-invasive methods may
subsequently be validated with a biopsy, it may guide the subsequent biopsy (e.g. selection of
the tissue) and it may also improve further graft surveillance.

Example 4: Prevention of progression of antibody mediated graft injury in engrafted
human patients

[00094] The present invention will help to identify the early ABMR patients (e.g. a patient
according to Example 2 who is DSA positive, C4d negative, with minor or no inflammation in
microcirculation such as glomerulitis or capillaritis but EndMT positive) and then introduce the
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treatment for blocking allograft rejection or at least reduce aggravation of the rejection. The
patient is treated using one or more protocol(s) aiming at the eradication of DSA, aiming at the
reduction in the synthesis of DSA and/or aiming at protecting the allograft against complement
triggered allograft injury. The treatment protocol(s) comprise plasmapheresis, administration of
IglV, administration of anti-CD20 or antithymocyte antibodies, administration of complement
activation inhibitor (ecuiizumab), administration of compounds for inactivating the complement
(e.g. anti-C5 antibodies) and/or administration of proteasome inhibitors (e.g. bortezomib). For
additional comfort, the combined EndMT markers are monitored during the course of the
treatment and they are used as efficacy indicators of the treatment.
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* * *

[00096] Headings are included herein for reference and to aid in locating certain sections.
These headings are not intended to limit the scope of the concepts described therein under, and
these concepts may be applicable in other sections throughout the entire specification. Thus,
the present invention is not intended to be limited to the embodiments shown herein but is to be
accorded the widest scope éonsistent with the principles and novel features disclosed herein.

[00097] As used herein and in the appended claims, the singular forms “a", “an", and "the"
include plural referents unless the context clearly indicates otherwise. Thus, for example,
reference to "a bio}narker" includes one or more of such biomarkers, and reference to "the
method" includes reference to equivalent steps and methods known to those of ordinary skill in
the art that could be modified or substituted for the methods described herein.

[00098] Unless otherwise indicated, all numbers expressing quantities of ingredients, reaction
conditions, concentrations, properties, and so forth used in the specification and claims are to
be understood as being modified in all instances by the term “about”. At the very least, each
numerical parameter should at least be construed in light of the number of reported significant
digits and by applying ordinary rounding techniques. Accordingly, unless indicated to the
contrary, the numerical parameters set forth in the present specification and attached claims are
approximations that may vary depending upon the properties sought to be obtained.
Notwithstanding that the numerical ranges and parameters setting forth the broad scope of the
embodiments are approximations, the numerical values set forth in the specific examples are
reported as precisely as possible. Any numerical value, however, inherently contains certain
errors resulting from variations in experiments, testing measurements, statistical analyses and
so forth.

[00099] It is understood that the examples and embodiments described herein are for
illustrative purposes only and that various madifications or changes in light thereof will be
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suggested to persons skilled in the art and are to be included within the present invention and
scope of the appended claims.
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CLAIMS:

1. A method for detecting endothelial cell injury and/or activation in a mammalian
subject, comprising detecting endothelial to mesenchymal transition (EndMT), wherein presence
of EndMT is indicative of cell injury and/or activation.

2. The method of claim 1, wherein detecting EndMT comprises assessing expression of
at least one biomarker selected from the group consisting of Fascin1, Vimentin and Hsp47.

3. The method of claim 1, wherein detecting EndMT comprises assessing expression of
at least two biomarkers selected from the group consisting of Fascin1, Vimentin and Hsp47.

4. The method of claim 1, wherein detecting EndMT comprises assessing expression of
a combination of three biomarkers consisting of Fascin1, Vimentin and Hsp47.

5. The method of any one of claims 1 to 4, wherein said endothelial cell injury and/or
activation is detected in an allograft in a sensitized subject and is indicative of an antibody
mediated rejection (ABMR) of said allograft after excluding other endothelial activation related
diseas'es such as recurrent thrombotic microangiopathy.

6. The method of claim 5, wherein said ABMR is detected in a renal allograft, a heart
allograft, a lung allograft, a liver allograft, a pancreas allograft and/or an intestine allograft.

7. The method of claim 5, wherein said ailograft is a solid organ and wherein said
endothelial cell injury andfor activation is indicative of a vasculitis, of a thrombotic
microangiopathy and/or of an anti-phospholipid syndrome.

8. The method of any one of claims 1 to 4, wherein said mammalian subject has
received an allograft, and wherein detection of endothelial cell injury and/or activation is carried
out to assess a potential acute and/or chronic humoral rejection of the allograft.

9. The method of claim 8, wherein said allograft is selected from the group consisting of
a renal allograft, a heart allograft, a lung allograft, a liver allograft, a pancreas allograft, an
intestine allograft, a body member allograft, a muscle allograft, and a face engraft.

10. The method of any one of claims 1 to 4, wherein said mammalian subject has
received a renal allograft and wherein expression of said biomarker(s) is (are) assessed in
peritubular capillaries and/or in glomerulus of the renal allograft.
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11. The method of any one of claims 1 to 10, wherein the mammalian subject is a human
patient.
' 12. The method of any one of claims 1 to 11, wherein the mammalian subject is an

engrafted human patient.

13. The method of any one of claims 1 to 12, comprising assessing expression of at least
one biomarker selected from the group consisting of Fascin1, Vimentin and Hsp47 in urine

and/or plasma of a human patient.

14. A method for diagnosing antibody mediated rejection (ABMR) in an allograft,
comprising assessing expression level of at least one biomarker selected from the group
consisting of Fascin1, Vimentin and Hsp47, wherein said expression level is indicative of the
presence or absence of ABMR in said allograft.

15. The method of claim 14, wherein detecting EndMT comprises assessing expression of
at least two of said biomarkers.

16. The method of claim 14, wherein detecting EndMT comprises assessing expression of
a combination of three biomarkers consisting of Fascin1, Vimentin and Hsp47.

17. The method of any one of claims 14 to 16, wherein assessing expression level of said
biomarker(s) comprises obtaining a biopsy from said allograft.

18. The method of any one of claims 14 to 17, wherein increased expression level for
each of Fascin1, Vimentin and Hsp47 when compared to a control value is indicative of the
presence of ABMR lesions in said allograft.

19. The method of claim 18, wherein said control value comprises expression levels in
subjects without endothelial cells injury-related disease.

20. The method of any one of claims 14 to 19, wherein presence of ABMR lesions in said
allograft is indicative of presence of an acute and/or chronic ABMR of the allograft.

21. The method of any one of claims 14 to 20, wherein said allograft is selected from the

group consisting of a renal allograft, a heart allograft, a lung allograft, a liver allograft, a
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pancreas allograft, an intestine allograft, a body member allograft, a muscle allograft, and a face
engraft.

22. The method of claim 21, wherein said allograft is a renal allograft and wherein said
expression level of said biomarker(s) is(are) assessed in peritubular capillaries and/or in

glomerulus of the renal allograft.

23. The method of any one of claims 14 to 22, further comprising assessing at least one of
peri-tubular capillaritis (ptc), deposition of C4d, estimated graft filtration rate (eGFR) and

proteinuria.

24, The method of any one of claims 14 to 23, compﬁsing assessing expression of at least
one biomarker selected from the group consisting of Fascin1, Vimentin and Hsp47 in urine
and/or plasma of a human patient.

25. A method for identifying a mammalian subject showing endothelial injury comprising
assessing in endothelial cells expression level of at least one biomarker selected from the group
consisting of Fascin1, Vimentin and Hsp47, wherein said expression level is indicative of the
presence or absence of endothelial injury.

26. The method of claim 25, wherein detecting EndMT comprises assessing expression of
at least two biomarkers.

27. The method of claim 25, wherein detecting EndMT comprises assessing expression of
a combination of three biomarkers consisting of Fascin1, Vimentin and Hsp47.

28. The method of any one of claims 25 to 27, wherein said endothelial injury is
consecutive to an event selected from the group consisting of. production of donor specific
antibodies (DSA), a virus infection, a toxin aggression, coagulation problem, autoimmune

disorders.

29. The method any one of claims 25 to 28, wherein the mammalian subject is an
engrafted human patient in whom production of donor specific antibodies (DSA) has been
detected.
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30. The method of claim 29, wherein said engrafted human patient has received an
allograft selected from the group consisting of: a renal allograft, a heart allograft, a lung allograft,

a liver allograft, a pancreas allograft, and/or an intestine allograft.

31. The method of claim 28, wherein the mammalian subject is a non-grafted human
patient having a virus infection, a toxin aggression, a coagulation problem or an autoimmune
disorder.

32. A method for preventing progression of antibody mediated tissue injury in a patient
with an allograft, comprising:

measuring in the allograft of the patient expression of at least one biomarker selected
from the group consisting of Fascin1, Vimentin and Hsp47, wherein said expression is indicative
of an endothelial injury consecutive to binding of donor specific antibodies (DSA) to endothelial
cells; and

reducing the level and/or the production of said DSA.

33. The method of claim 32, wherein detecting EndMT comprises assessing expression of
at least two of said biomarkers.

34. The method of claim 32, wherein detecting EndMT comprises assessing expression of
a combination of three biomarkers consisting of Fascin1, Vimentin and Hsp47.

35. The method of any one of claims 32 to 34, further comprising protecting the allograft
against antibody mediated tissue injury.

36. The method of any one of claims 32 to 35, wherein reducing the level and/or
production of said DSA comprises a therapeutic intervention selected from the group consisting
of: administration of monoclonal anti-CD20, proteasome inhibitor (bortezomib), administration of
polycional antithymocyte antibodies, intravenous administration of immunogiobulins,

plasmapheresis.

37. The method of any one of claims 32 to 36, further comprising administering anti-Cé
antibodies.

38. The method of any one of claims 32 to 37, wherein measuring expression of said

biomarker(s) comprises obtaining a biopsy from said allograft.
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39. A diagnostic kit, comprising a combination of antibodies specific for at least two
biomarkers selected from the group consisting of Fascin1, Vimentin and Hsp47.

40. The kit of claim 39, wherein said kit comprises a combination of antibodies specific for
each of Fascin1, Vimentin and Hsp47.

41. The kit of claim 39 or 40, wherein said kit is optimized for immunohistochemistry and
wherein the kit further comprises components for immunohistochemistry visualization.

42. The kit of any one of claims 39 to 41, wherein said kit further comprises instructions
for diagnosing in a human patient endothelial to mesenchymal transition (EndMT) during acute
and/or chronic antibody mediated rejection (ABMR) of an allograft.

43. - Use of at least one biomarker selected from the group consisting of Fascin1, Vimentin
and Hsp47: (i) for detecting endothelial cell injury and/or activation in a mammalian subject; (ii)
for diagnosing acute-and/or chronic ABMR of an allograft in a mammalian subject; (iii} for
identifying a mammalian subject showing endothelial injury related diseases; and/or (iv) for
preventing the progression of antibody mediated rejection (ABMR) in a sensitized subject with
an allograft.
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FIGURE 1
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