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ney transplantation nowadays!

O Incredible success of modern medicine
O Long term patients survival
O 20 years could be expected in 60% of recipients

O Introduction of modern Immunosuppressants
O Better understanding of transplant immunology

O Development of new diagnostic procedures
O Histopathology ( Banff scoring system)

O Full personal and professional rehabilitation

O Treatment of choice of ESRD pts




The full actualisation of rejection

O Crucial role of graft survival rate

O Clinical significance of ABMR
O Acute and chronic
O C4d negative
O Non'HLA antibodies
O The/place of anti HLA antibodies
SA and non DSA
Significance of MFI
O The role of complement
Many definitions are still controversal
O BANFF ?
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Understanding the Causes of Kidney Transplant
Failure: The Dominant Role of Antibody-Mediated

Rejection and Nonadherence
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Figure |. Schematic representation of antibody-mediated rejection pathophysiology
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Steps in T-Cell-Mediated Rejection

Tcell activation through three signals
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terial and methods

O 50 kidney low immun risk recipients were
Included'in prospective 12 months protocol
biopsy study

O A total of 48 biopsies were performed using
ultrasound guidance 16 gauge needle with
aut omated oguno

lopsies were consider adegaute with
lomeruli and at least one artery

O Renal lesions were reviewed by the same
thologist

Istological findings were classified
according to BANFF 13 modified and
uploaded system




Material and methods
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HLA antibodies

Single antigen beads ( Luminex) method was used for detection of
antibodies ( 1, 6 and 12 months after the surgery

O

Anti HLA Class | and Il antibodies and MICA were investigated

O

MFI > 800 was accepted as significant presence of antibodies

No any other non HLA antibodies were investigated




Banff Diagnostic Cateqories from the core of

the Banff Classification

ategory 1: Normal biopsy or nonspecific changes
O Requires exclusion of any diagnosis of rejection

Category 2: Antibody -mediated changes
O Diagnostic criteria groups to reach diagnosis of ABMR

Category’3: Suspicious ( Borderline) for Acute TCMR
O Banf/lesion score

ategory 4: TCMR
O dcute and chronic lesions and scores

gory 6: Other changes not considered as rejection



Categorization of st _udy biopsies according to

the updated Banff 2013 scoring system

Banff diagnostic category Cases |%
1. Normal ( Category 1) 15 31
2. Pure ABMR ( Category 2) 1 2
3. Bor}%rline TCMR ( Category 3) |4

4. TCMR ( Category 4) 1 2
k\5. yIéTA ( Category 5) 5 10
\%Q./Other ( Category 6) 5 10
XXMixed rejections 17 35

\




Anal vsi s of omi xed ¢ a:

Category Cases |%

ABMR ( Cat 2) + IFTA (Cat 5) 7 41

ABMR}/Cat 2) + Borderline (Cat 3) | 1 5

ABMR ( Cat 2)+Borderline (Cat 3) |5 29
+ IFTA ( Cat 5)

c/rderline (Cat 3) + IFTA(Cat 5) |2 11
MR ( Cat2) + TCMR (Cat4) |1 5
MR(Cat 4) + IFTA ( Cat 5) 1 5

A\



Anti HLA antibodies and Diagnhostic

ories (BANFF 2013 )

O Anti HLA + (n=17)

5 DSA + 12 non DSA
Normal 4 (23%)
Other (Cat 6) 1
IFTA (Cat 5) 3

o O O O

O

Mixed rejection 12 (70%)
O ABMRpure 1
O TCMR pure 1
O ABMR+IFTA 4
O ABMR+BL+IFTA 3

O IFTA+BL3

O Anti HLA 8 (n=31)

o O O O

O

No antibodies

Normal 11 (33%)
Other (Cat 6) <
IFTA(Catbh) 1

;\/Iixed rejection 6 (19 %

O ABMR+BI+IFTA 1
O IFTA+ TCMR 3
O ABMR+BL 2



XED REJECTI ONO

BMR expanded criteria enabled the increased percentage of
histologicaly confirmed ABMR.

According to Hass et al, the percentage of ABMR from 7% ( 2007) is
Increasing to 36% in 2013 in 12 month protocol biopsies

Mixed rejection was introduced by Halloran et al ( (2016), Wehmeier
et al( 2017) /Katsuma et al ( (2017)




trough the BANFF classification

ANFF 2013 confirmed the existance of ABMR
ithout C4d and introduced a category of

OS us pi AaBMRwBIah is analogous to
oObor de nmiTCMRe 0

C4d negative ABMR is introduced

ANFF2015 unified the category 2 with the
cceptance of every histological elements of ABMR
anding the usual criteria of ABMR.

FF 2017 confirmed ENDAT as a diagnostic tool
MR.



unofluorescence

O Frosen sections from the tissue sample were stained with
fluorescin -isothiocianate conjugated anti  -human IgG,
IgA, IgM, C3, C4, Clq

O Type of deposits

O Distribution
Glomeruli
TBM

O Tubular Cells
O PTC
Intensity

O +1, +2, +3



plement - C3
anul ar deposibts 1 n PT(

O Duffuse granular deposits
In glomerula é é . 2
O Focal and segmental granular

deposition'in glomerula é é . 3 |
OMes angi al dePosits &
T anul ar depo2its in TBI

ocal and segmental granular

deposits + PTQé..

C1Q deposits in glomerula ¢ . 2



C3 imunofluorescence

Parameter |C3 positive C3 negative |p
| (n=18) (n=30)
Anti HLAAb 13 5 0.01
GFR }/12 m) [133+21 117+24 ns
Prc%/einuria 0.45+0.2 0.32+0.12 0.01
\WMR mix |9 7 ns
IRTA 3 2 ns
Borderline 3 1

\










&




Conclusion

O The apearance of Omixedoinjur i
with the enlarging of criteria for ABMR

O Presence of DSA and non DSA antibodies remains the
crucial point, but ABMR is possible without anti HLA
antibodies

O Still open guestions are present




plement system
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Complement in kidney transplantation

OABMR

O Classical pathway

O CDC & Terassaki, Patel 1969

O C4d 61991

O DSA and NON -DSA

O Clq-binding DSA

O C3d-binding DSA

O Cha d major factor of graft injury

O Inflamatory celles

O Expression of adhesion molecules

O E-selectin

O Vascular cell -adhesion molecule ( VCAM1)
O Intercellular adhesion molecule ( ICAM1)
O Interleukin 1 and 6

O Procoagulant state of endothelial cells

O Thrombotic injury




Compl ement 1 n kidney tral

O Ischaemia -reperfusion injury

O Lectin pathway activation 0 MBL( menose
binding lectin)

O Endothelial injury

O The role of alternative pathway

O THe role of C3

nimal models -deficient in C3aR, C5aR

C5b -9 in deceased but not in living donor kidneys

O Increased levels of complement genes in DD
Kidneys

O Stress oxidative
O Brain & death induced activation of complement




Compl ement 1 n kidney

t r al

curence of disease involving mainly the alternative pathway

O aHUS ( atipical haemolitic uraemic syndrome)
O Inefficient protection of the endothelium from complement attck

O Mutations in genes of factors H, I, B, C3 and C46

O Eculizumab & dilemmas and chalenges

O C3 glomerulopathy

Spectrum of glomerular diseases associated with alternative pathway

@)

O Excessive C3 activation
0% reccurence after kidney transplantation

Graft loss in 5 yeaars

C3 deposits in the mesangium and GBM ( Dense deposit disease)
Clinical picture

O Proteinuria

Hematuria

o O

Nephrotic syndrome

(@}

Hypertension

(@}

Accelarted progression to ESRD

O Anti-phospholipid syndrome
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ole of complement system in

ABMR

ci

R casBicss [y

A Twostep process of DSA snd complement activation leading to an Inflammatory response

Cremotaxis

Endothelial

@ @

Meutrophils
WMaoropnagss
MK c=lls

cell damage ™. o e

Bzzement memorans duplication

b Graft-infiltrating cells become Independent of DSAS snd complemeant

ci
complex

@

Cremotaxis

Neutrophils
iy === === === C3= h —e W 2crophages
NE cslls

Grsft loss

Bzzsment memorans duplicaticn

& Direct endothellal cell astivation by DSA and/sr complement

Endothelizl cell activation

Bzzsment memorans duplication




lement activation pathways and allograft immunity
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Figure 2. Complement activation pathways and allograft immunity. Complement-mediated injury may occur in the intravascular or ex-
travascularcompartments. lschemia-reperfusion injury increasesextravascul arcell surfaceexpression of afucosylatedligandthatisthought
to be recognized by Collectin-11 which associates with MASP-2, in conjunction with MASP-1 and MASP-3, to activate complement via the
LP. After the cleavage of C3 and C5, the membrane attack complex (C5b-9) forms, resulting in inflammatory injury and cell death.
Complement plays several roles in sensitization against donor alloantigen. Antigen presenting cells [APCs) express complement com-
ponents C3 and C5 in addition to complement receptors C3aR (C3a Receptor) and C5aR1 (C5a Receptor 1). Generated by complement
activation in the extracellular space, C3a and C5a enhance APC priming of T cells by increasing the presentation of alloantigens and the
expression of costimulatory molecules. Additionally, C3a and C5a promote CD4+ T cell differentiation and cell longevity. Furthermore,
APCspremote preliferation and differentiation of CD4+ and CD8+ T cells. CD8+ T cells mediate cellular rejection in both the intravascular
and extravascular compartments which is identified pathelegically as endethelitis and tubulitis, respectively. CD4+ T cells stimulate B cell
proliferation and ultimately antibody production. In addition, the B cell respense to alloantigen may be directly enhanced by comple-
ment,? because ithas been reported for nontransplant antigens?3.3° that opscnisation by C3b and its metabolite C3d can enhance antigen
presentation via the complement recepter CR2, which is present both on follicular dendritic cells and B cells in secendary lympheid
tissue.?® Binding ofthe B cell receptor with the opsonized antigen lowers the thresheld for B cell activation and allows for class switching of
the deoner-specific antibedy from IgM to 1gG. ABMR occurs when denor-specific antibedies recognize antigens on renal allograft en-
dothelial cellsengaging with the C1g, C1r, and C1scomplex to initiate complement activation via the classical pathway. Again, C3 and C3
convertases are created and the membrane attack complex subsequently formed. Clinical evidence of complement activation is generally
ascribed to the identification of C4d on evaluation of a renal biopsy specimen. All rejection pathways whether complement or cellular
based present clinically with evidence of graft dysfunction characterized by increasing serum creatinine and decreasing urine ocutput.
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Figure 2. C3 complement deposttion in transplant glomerulopathy coresponded with allograft failure. (a} Representative silver-stained allograft biopsy
with transplant glomerulopathy is shown. Blue arrows highlight areas of double contour formation of the glomerular basement membrane (original
magnification x400). (b) C3 deposition in transplant glomerulopathy (TG) was seen in endothelial and mesangial areas of the glomerulus (original
magnification x400). (c) “*TG (C3 score =1) had a higher proportion of patients with allograft failure compared to “=TG transplant recipients (C3
score of 0) (P = 0.008). (d) C3 deposition was stratified into groups with no C3 (C3 = 0}, low (C3 = 1), medium (C3 = 2}, or high (C3 = 3) level of staining.
Higher levels of C3 deposition carresponded to a higher proportion of patients with allograft failure (P = 0.05).
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Cell surfaps l

FIGURE 1 | The simplified overview of main complement activation
pathways (MBL, mannose-binding lectin; MAC, membrane attack
complex); three main activation pathways are recognized in the
complement system, leading to anaphylatoxin release and MAC
formation: classical and lectin pathways are reliant on special
recognition molecules to recognize a target, alternative pathway is
triggered spontanecusly with host cells protected by regulator
molecules.




Key points

Activation of the complement cascade by donor-specific alloantibodies (DSAs)
might be the primary mechanism of acute antibody-mediated rejection (AMR) in
sensitized kidney transplant recipients

Complement activation might cause injury by enhancing cellular infiltration and
inflammation or by directly damaging the allograft

Blockade of complement component C5 with eculizumab reduces the incidence
of early AMR in sensitized renal transplant recipients

The role of complement activation in chronic antibody-mediated injury is not yet
dear: complement probably initiates intragraft inflammation, but might not be
necessary for maintaining it.

Complement components might modulate T-cell activity and adaptive immune
responses involved in allograft rejection
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The classical complement pathway

InactiveCl

Vi

.L

ActiveCl |

1. Clactivated
2. Cis(Cisubunit)cleaves C4 ->CdaandCéb
3. C2bindstoC4b
4. ClcleavesC2 ->C2aandC2b

| 5. CdbandC2bcomplexformed [C3 convertase]

|

|

|

ActiveCl
@ Caa C2a

c2 3 C3 convertase







The Lectin cnmplement pathway
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Fig 2. The lectin complement pathway







The alternative complement pathway

C3 spontaneously activated by H;0

Factor B binds to C3(H;0)

Factor Dcleaves Factor 8-> Baand 8b
C2(H:0)8b forms and cleaves C3->C3aand C3b
C3bbindstoFactor B

Factor Dcleaves Factor B-> Baand 8b

C3b,Bb complex forms [C3 convertass]

\
\L \ \J @ C3 convertase

\
N O B W

late complement pathway

C3(H.0)8b



C3 convertase
or Bb> Either C3 convertasecleavesC3 ->C3aand C3b
C3b binds toa C3 convertase toform CS convertass
CS convertasecleaves CS->CSaand CSb
CSais a mediatcrof inflanmaticn
CSbh initistes formationof the membrane attack complex

|
|
NHWN M

.L’_’/ \.' C32 convertase
— or Bb)

C3a CSb | ,
3 <
CS convertase
Bb)
| )
Y
|
= B
® -
A
e N
[ |
@ @®
| =
/ N
/ e P \lr \‘\
A ) =)
csa @ ™S > Bb) @ <5
csb | CSb j '
| -~ ~ o |
1 J
‘-,_ Initiates formation of t‘he membrane attack |/
A B fomple:_(_ : =
._‘-.. ’//

Mediators of inflammation
Fg 4. The late complement pathway

\ N\




A Limited Complement Complete Complement Activation
Activation

Alternatwe
Pathway
Amplification
Loop

FIGURE 1. Complement activation in AMR. (A) The classical pathway of
complement is activated when Clq binds to IgG clustered on endothelial
HLA. Each Clq deposits multiple C4 molecules on target surfaces. Efficient
complement regulation stops the reaction before C3 molecules are deposited.
In contrast, complete complement activation results in covalent fixation of
multiple C3 fragments to the target tissue. This process is augmented by the
alternative pathway amplification loop, although several regulatory proteins
control the alternative pathway. Complement regulatory proteins metabolize
the C3b to iC3b and then to C3dg. (B) Complete complement activation
generates several biologically active products, including C3a, C3b, C5a, and
C5b-9. C4bp, C4 binding protein; DAF, decay-accelerating factor; fH, factor
H; f1, factor I; MCP, membrane cofactor protein.







