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H KAIVIKE €TTITTTWON TNS VEPPIKAS Blowiag

Ap1Ouo6g AAAayn AAAayR Atropuyn Avagopa
BlowiwV KAIVIKAG Bepartreiag avooo-
diayvwong | (%) KOTAOTOARS
(%) (%)
389 46 46 Parfrey 1984
35 46 42 30 Matas 1985
64 42 83 Waltzer 1987
240 38 18 Kiss 1992
95 30 95 Manfro 1994
263 Kon 1997
100 27 Al-Awwa 1998
82 42 19 Pascual 1999
2.UvOA0:968 36% 59% 22%




EvaioBnoia Bioyiag ve@pikou
MOOXEUMATOGC

ECaptatat amo tov aptipo, to peyebog xat tmv
IIPOEAEDLON TOV TEPAYLOIDV

Meletn 130 Prowimv pe mOAAIAODG KDATVOPODG
AVEOELSE ATIOPPYPT OTOV EVAV POVO KOALVOPO O
11ooooto 10% (Colvin 1997)

EvawoBnotia evog koAivopoo= 90%

Evatonoia n xoAivopwv= 1-(1-evarobnoia tov evog
KOALVOPOD)

Evatobnotia 2 xkoAtvopwv~ 99%



Elowkotnta veppikng proyiag

* Etvat advvato va kabopiotet pe akpipeta Aoywm eANeWPNS
avwtepns pedooov

* Extipopevn €01KOTNTtd (OOYKPIVOPEVT] PE TNV KAIVIKD)
ropeia Tov aobevav): ~ 87%

* Q0TO0O 1 Ppayovripobeopirn KAVIKL) ITOPELA OEV ATIOTEAEL
TO 10AVIKO HETPO OLYKPLONG OEOOPEVOD OTL P
AnoppPWPn PIIoPEL va etvat Aavbavoood 1] KAvikd
OL®IIMAT)



ETTapKeia Kal acioAoynon 1I0Tou

TovAaywotov
* 7 1 OKANPLOPEVA OHEPAPATA KAt
* 2 apTnpleg pe > 2 0epeg NUIK®V KOTTAP®OV



Reasons to receive a renal graft biopsy

Pre-transplant biopsy (performed in suboptimal donors
to determine if kidney is suitable for transplantation,
taking into account the degree of existing chronic
damage, the possible presence of active renal disease
or even incidentally discovered neoplasms)

Implantation or post-perfusion biopsy (very helpful to
iInterpret changes in later biopsies and separate donor
from recipient chronic lesions)

Protocol biopsies

Biopsy on indication to determine the cause of graft
dysfunction



AITiEC OUCAEITOUPYIOGC MOOXEUNATOG

e ECaptwvTatl auo T YPOoViKl] HEPI000 MOL
IIAPATNPEOLVTAL:
— Apeon (immediate): opa 0 - lefoopaoda peta
TO XEPOLPYELO
- Ilpown (early) : 1-12 eoopadeg
— Oypn oceta (late acute) : >3unveg
— Oynpn xpovia (late chronic) : ypovia



AHNEC METOMOOXEUTIKN TTEPIOOOG
(wpa 0 — 1 eBoopada)

« KaBuoTepnuévn Asitoupyia Tou pooxeupatoc (delayed graft
function DGF):
— OAiyoupia i atraitnon yia diaAucn TNV TpwTtn £douada
(< 5% TwV pooxeupatwy pe DGF degv Asitoupyouv TToTE —
primary non function)
— [lpoveppika aitia (UTTdTAON, UTTOOYKAIUIQ)

— MeTtave@pika aitia (oupnTNPIKA VEKPWON, AINATWPA, SUCAEITOUPYIa
KUOTNG, UTTEPTTAACIA TTPOOTATN)
— Neopika aitia
» Otcia owAnvapiakn vékpwaon, PAARN eTavaludtwong (reperfusion injury)
* YTTEPOCEIQ 1 OCEI XUMIKA aTTOpPIYN
* OpdouPwan (Me N Xwpig aTToPPIYN)

18% Twv aoBevwyv pe DGF 1Tou uttoBARBNKav o€ Bioywia Tnv 1" efdouada
— oceia amoppiyn ( Jain et al Transplantation Int 2000)



[Ipwun (early) 0voAettovpyia too
pooyeopatog : 1-12 efoopadeg

— [Npoveppika aitia (UTTOTaCoN, UTTOOYKAIUIa)

— MeTaveppika aitia (oupnTNPIKN VEKPWON,
AlJATWUA, QUOAEITOUPYIO KUOTNG, UTTEPTTAQCIO
TTPOOTATN)

— Neopika aitia

e O&eia anoppiyn (1 ooyvoTEPT AlTia)

* ToSikoTNTA AVAOTOAE@WV KANOLVEDPLIVIG

* Ynotponn npwtonaboog voooo (FSGS, HUS,
TTP, Anti-GBM)



Owpun ogeta (late acute) OvoAsttovpyia
TOD HOOYEVHATOG : > 3 PN VEg

— [1pove@pIKa aiTia (UTTOOYKAIMIa, OTEVWON VEPPIKNG
apTNEIac Ye UTTEPTOON)

— MeTave@pika aiTia (OTEVWON oupoTToIiNTIKAG 000U,
AEUPOKNAN)

— Neppika aitia

* Tolikotnta avactoAéwv Kalowvevpivng (mbaveg
aMnAemopacelg pe al\\a gappaka nmov AapPavovrati)

* Oeia anmoppryn (ooxva @G AMOTEAECHA PEIWOTG T1)G
aVOOOKATAOTOALG)

* Aoipwsn (BK, CMYV)

* Ynotpomnr npotonaboog voooo



Owun pETa-PeETAPOOYELTIKT IEPTOOO0G

* «Xpovid vegporabela Tov pooYeLPATOG
e Xpovid pApPPAKeLTIKI] TOSIKOTTA
* YIePTAOIKI) VEQPPOOKAT)PLVON
(a1 poBpdopevn LIIEPTAOT), OTEVWOOT] VEPPLKNG APTNPLAG)
* [1keg Aotpwdelg
* YOOTPOII HPpO®TOIatong vOoou



O=EIA AINNOPPI¥YH

* Tayela (eviog NpEP®V) AIWAELA VEPPIKNG AELTOVPYLAG
AOY® NG OpAONG:
— T-Aep@oKoTTAP®V TOL ANIITH
(oSeta T xotrapkn anoppiyr), acute T-cell mediated rejection)
1)
— AVTI0OpAT®V TOV ATy KAatd aAAOAVTIYOV®V TOV 00TI)

(oSeia yopikn anoppiyn, aute humoral rejection AHR,
antibody mediated rejection ABMR)

* ADO O1a@POPETIKOL AvOooOIAboAoy1KOl pnyaviopot ot
OIIO1O1 OLVATOV VA OPOLV CEXMPLOTA, EVIOTE OP®G AIIO
KOVOD.



k Intensity of
cellular response
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Pure cellular

rejection, CAd-
often DSA-

FREREREREN

Mixed antibody and cellular

rejection (each with varying

degrees of severity)
DSA+, commonly Cdd+

Pure antibody-

commonly Cdd +

mediated rejection
DSA+,




10th Banff Conference on Allograft Pathology

Banff, Alberta, Canada

August 9-14, 2009

The Banff classification
From small beginnings in 1991 the Bantff classification of renal allograft
pathology has grown to be the major standard setting force in renal
transplant pathology and in international clinical trials of new
antirejection agents.

Kim Solez

History of the Banff classification of allograft pathology as it approaches its 20th year
Current Opinion in Organ Transplantation 2010



Solez et al.

Table 3: Banff 97 diagnostic categories for renal allograft biopsies—Banff'07 update 2

1. Normal
2. Antibody-mediated changes (may coincide with categories 3, 4 and 5 and 6)

Due to documentation of circulating antidonor antibody, and C4d® or allograft pathology

C4d deposition without morphologic evidence of active refection

Cad+. presence of circulating antidonor antibodies, no signs of acute or chronic TCMR or ABMR fi.e. g0, ¢g0, ptc0, no ptc
lamination). Cases with simultaneous borderline changes or ATN are considered as indeterminate

Acute antibody-mediated rejection®

C4d+, presence of circulating antidonor antibodies, morphologic evidence of acute tissue injury, such as (Type/Grade):

I. ATN-like minimal inflammation

II. Capillary and or glomerutar inflammation (ptc/g >0) and/or thromboses

. Arterial—v3

Chronic active antibody-mediated rejection”

C4d+, presence of circulating antidonor antibodies, morphologic evidence of chronic tissue injury, such as glomerular double
contours and/or peritubular capillary basement membrane muktilayering and/or interstitial fibrosis/tubular atrophy and/or fibrous
intimal thickening in arteries

3. Borderline changes: 'Suspicious’ for acute T-cel-mediated rejection (may coincide with categories 2 and 5 and 6)

This category is used when no intimal arteritis is present, but there are foci of tubulitis (t1, t2 or t3} with minor interstitiat infiltration (i0

or i1) or interstitial infiltration (i2, i3) with mild (t1} tubulitis
4. T-cell-mediated rejection (TCMR, may coincide with categories 2 and 5 and 6)

Acute T-cell-mediated rejection (Type/Grade:)

IA. Cases with significant interstitial infiltration (>25% of parenchyma affected, i2 or i3) and foci of moderate tubulitis {t2)

IB. Cases with significant interstitial infiltration (>25% of parenchyma affected, i2 or i3) and foci of severe tubulitis {t3)

lIA. Cases with mild-to-moderate intimal arteritis {(v1)

|IB. Cases with severe intimal arteritis comprising >256% of the luminal area (v2)

lll. Cases with ‘transmural’ arteritis and/or arterial fibrinoid change and necrosis of medial smooth muscle cells with accompanying
lymphogytic inflammation (v3)

Chronic active T-cell-mediated rejection

‘chronic allograft arteriopathy’ (arterial intimal fibrosis with mononuclear cell infiltration in fibrosis, formation of nec-intima)

5. Interstitial fibrosis and tubular atrophy, no evidence of any specific etiology

(may include nonspecific vascular and glomerular sclerosis, but severity graded by tubulointerstitial features)

Grade

|, Mild interstitial fibrosis and tubular atrophy (<25% of cortical area)

Il. Moderate interstitial fibrosis and tubular atrophy (26-50% of cortical area)

IIl. Severe interstitial fibrosis and tubular atrophy/ loss (>50% of cortical area)

6. Other: Changes not considered to be due to rejection—acute and/or chronic (for diagnoses see Table 14 in {42); may include isolated

g, cg or cv lesions and coincide with categories 2, 3, 4 and )

The 2007 updates are underlined.

2 Al existing scoring categories (g, 1, v, i, ¢g, ¢t, ¢i, ¢v, ah, mm) remain unchanged (42)

3Pleass refer to Table 2 and Figure 1.

4Suspicious for antibody-mediated rejection if C4d (in the presence of antibody) or alloantibody (C4d+) not demonstrated in the presence
of morphologic evidence of tissue injury.




Banff "09 Mesting Report

Table 1: Banif 37 diagnostic categoies for renal allograft biopsies—Banif "0 update

1. Narmal
2. Antibody-mediated changes (may coincide with categanies 3, 4 :nd b and &)
Duz to documentation of circulativg antidonor antibody, CAd." and allografi pathalogy
CAd deposition without morphologic evidence of active iejaction
Cdd+, presence of circulating antdonor antbodies, no signs of ecute or chronic TCRR or AE0MRE liie. g0, ogl, ptol, no pte lamination
(5 layers oy electron microscopyl, no ATMHike minmal inflammation). Cases with simulteneous borderine changes are
considerad &5 indeterminate
Acute antibodymediated rejaction’
Cidd+, presence of circulating antdonor antbodias, monphsioghe evidence of SCUTE TESWS Injury, Such &5 Type/Grecs)
I. TMHike minimal inflanmation
. Capillary and or glomrerular inflernmaton ptofg -0} andior thremboses
L Arterial — v3
Chronic active antibody-mediatad rejection®
iCdd+, presence of carculating antdonor antbodies, morphologic evidence of chronac tissue injury, such as glomenbr double
conibours andfor paritibular cepllary basement membrane mutilegenng andfor interstitial fibrosisfubulzr atrophy andfor fibrows
intimal thidkoning in artorics
2. Borderline changes: "Sespicious’ ‘or acute Toell medisted rejecton Imay caincide with categonies 7 and &, and &)
This category is used when no intimal artemss is present, but there are foc of tubulits (11, 12 or t3) with minor nterztitial infiltetion (0
or i) or interstitial infiftration (82, i3} with mild (t1) tubulitis
4. |-cell mediated rejechon (12MHE, ney concde wath categones ¥ and 5 and B
Acute Tcell mediated rejection (Type'Grade:)
|8, Caszes with significant interstitial infiltration {-- 25% of parencyyma affected, i2 or 3) and foo of modeste tubulits k2)
|B. Cases wit significant interstital infiltration (- 25%. of parenchyma affected. i2 or 3) and foo of severs tubulitis £31
14 Cases with mild to moderate intimal artaritis fvl)
lIB Cases wih sewere ntimal arteritis comprising = 2b% of the uminal area v2)
lIl. Cases with “transmural” artents andfor atenal fiorivoid changs and necosis of madial smocth muscle cells with accompanying
lrmphecytic inflammstion b2
Chronic active Tcall medisted rejecion
‘chromic allograft arteriopathy” {artenal intimal fibrosis with monouclear cell infiliration in fibrosis, formation of nec-ntimal
L. Intzrstitial fibrosis and wbwlar strophy, no evidence of any specilic etiology
{may inchede nonspecifc vascularand glomerular sclemsis, but severity greded by tusulointersitial featuras)
Grade
. Bild intersfitial fibrosis and tubuler atrophe (< 25% of cortical areal
Il kdrdrrata nitarstitizl fikrnsis sed tubolar strophy (2509 of nortical araal
lIl. Sevvere inferstitial fibrosis and tubular atrophy) loss 1 50% of cortical araa
€. Otrer: Changes not considered to be due te rejaction ecute andor chronic (For diagioses ses table 14 in (49); may include =olated
g. cg. of ov kesions and coincide with categories 2, 3, 4, and B
AT, acute tubular necrosis.
The 008 updales are undedhined. Al existing sconng canegories (g t, w i, pic, ©g, of, d. ov, ah, mm) remain unchanged (45, 491
"Please refer tc Banff 2007 classification paper (45).
fSuspicious for antibody-mediated rejaction if C4d fin the prasence of antibody) or sllcantibody (C4d-+) not demonstrated in the pesence
of merphologic evidence of issue njury.




Oceia T- KutTapIikn ammoppiyn

ITapatnypettat coyvotepa Tig NPWTESG EfOOPAOEG peTa
TI PETAPO0YEVOY)

H (n)xvon]ra TV EMELC001IWV TIG HELWVETAL PLETA TOVG
6 pnveg

Mopet va mapatnprnel onoladmote XpoviKr) OTiypr)
KOTd T OlaPKELA TG HETAROOXEDOTG O¢€ otabepa
pooysopatd.

KAwvikn eikova: anotopn avgnon g Cr, peinon g
ano[jo}\qg 0VPWYV, 010YK®OT] KAl OKANPOTTA TOV
POOYEVHATOG.



O&ceia T- KuTTOPIKN atTOPPIYN: IoTOAOYIKA
Eupnuarta

*  ®Agypovwdng diINBNonN Tou PN IVOTTOINUEVOU PAOIIKOU dldpéoou
UTTOCTPWHATOG aTTO T- KUTTOPA Kal jovotrupnva. Oidnua

*  ZwAnvinda = apouaia T-KUTTAPWY ) HOVOTTUPAVWY aVAUETT OTA
EMONAIOKA KUTTAPA TWV OUPOPYOPWY CWANVApPIWY 1600 syyug 000
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 ApTtnplakég BAARBEeG: EvoapTnpiTida, AlQTOIXWHATIKA @AEyHOVA,
Ividoe1dn¢ Nékpwon
*  2TEIPAUATIKA QAEYUOVNA: TTAPOUTIia T-AEUQOKUTTAPWY N

LUOVOTTUPNVWYV OTA OTTEIPAMATIKA TPIXOEION (TO OTTEINAUATIKO Score
O xpnaoiuotrolEital atn olayvwan)






BANFF ACUTE REJECTION

SCORES

BANFF ACUTE REJECTION SCORES (79,177)

Interstitial inflammation 0 i1 i2

% of cortex? <10% 10-25% 26-50%
Tubulitis t0) t1 t2
Cells/tubular cross section® 0 1-4 5-10
Glomerular inflammation g0 g g2

% of glomeruli® 0 <25% 25-75%
Arterial inflammation v0 v v2

Intimal or transmural® 0 Intima =25% lumen Intima >25% lumen

13
>50%
t3

=10
g3
>75%

V3
Transmural inflammation or
fibrinoid necrosis

#Scoring of unscarred cortex only. Cells in areas of fibrosis are not counted nor cells in subcapsular or
around large veins or lymphatics. If more than 5% of the cells are neutrophils, eosinophils, or plasma cells,
an asterisk is added.

“The number of cells in two or more tubular cross sections (or group of 10 tubular cells). Cells in atrophic
tubules (less than half the normal diameter) are not counted. If t2 lesions are associated with at least two
foci of TBM breaks (“vanishing tubules”) and inflammation, the score is increased to t3 as per the Third
Banff Conference.

“Mononuclear cells only. The glomerular score is not used for diagnosis of rejection.

90ne subendothelial mononuclear cell is sufficient for v1. Hemorrhage or infarction is no longer sufficient
for v3.



Oplakeg aAdowwoeig vimonteg Ogerag I'- KoTtapikng

anoppiyng
(Category 3: Borderline changes suspicious for TCMR

BANFF 2015)

v omroladntrore cwAnvitida (t1-t3) +
pAeypovn 0-25% (i0 y i1)

r

n
v owAnviTida 1-4koTtTapa/ 10

ocwAnvaplaka kuttapa (t1) +
pAeypovn > 25% (i2-i3)

v atroucia evdaprnpitidag (v0)

* H rAgiovéTNnTA €ival atroppiYelg

75% -88% 1wV acBevwv BEATIWVEI TN VEPPIKI TOU AEITOUPYIQ JE  AVOOOKATAOTOANG
(TTOO0OTO CUYKPIOIPO PE TNV avTaTToKpIon £1Ti TUTTOU | atréppIiynq)

* MikpR} avatrapaywyigoTnTa

M1KA Rlnlmcr TTOWTOKOACU: 74% 1TT0000TO CUUOWVIQ

LIU‘I’ \+l 5 rJWIVI\VI\\JU T /U 11T VUV UV IV \J\J v

C VIO OTTONNDIIIN OANA
5 Yl MIIVPHIYII NAZ W WA

N T
43% cuuewvia yia oplokn G'ITOppIL|Jr]) (Gough et al Nephrol Dial Transplant 2002)]
» [pétrel va epunVveEUOVTOl EVTOC TOU KAIVIKOU TTAAICIOU:
ETTi OTTOIOUBNTIOTE OUVUTTIAPXOVTOS AAAOU OTOIXEIOU UTTEP atToppIYnG (TT.X. avodog Cr)

n meavoTepn diayvwaon ival atToppiyn
 H ékBaon gival KOAN €av OEV UTTOKPUTTTETOI OTOIXEIO XUMIKNAG ATTOPPIYNS




TuTtrol Ogeiag T- KUTTOPIKNAGS ATTOPPIYNGS
(TCMR)

TCMR (Category 4)
< Tomnoo I:
XwAnvitoa > 4 gAeypovoon xkotrtapa/ 10 cwAnvaplaka kotrapa (2t2)
+  @Aeypovn > 25%(i2 1) i3)
A: pe 5-10 xottapa/10 owAnvapiaka kotrapa (t2)
B: pe > 10 xottapa/10 owAnvapiaka xotrapa (t3)
% Tomoo II:
Movonvpnva Kat® amno To aptnplako evoolnAo (evoaptnpitida)
A: < 25% g epipépelag Too avAoo (v1)
B: = 25% tng meprpépetag Tov avAov (v2)
< Tomoo III

AlaTOlYOPATIKI) dPTNPLAKT) PAEYPOVI] KAYT) WV100£€101¢ APTNPLAKT)
vEKP®OT) (V3)
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Oceia T- KUTTAPIKA atTOPPIYN
Ei01koi KutTapikoi YTrotrAnBuopoi

CD-20/ B-Asu@okuTtTapa
[TIBavr) QUOMEVIC TTPOYVWAOTIKN onuaacia
(Sarwal et al, N Engl J Med 2003)

Plasma- cell rich acute rejection”
AVBOEKTIKOTNTA OTA OTEPOEION KAl
QUOUEVNC TTPOYVWON

Charney DA et al Transplantation 1999)
ETrnpedlouv OUCHEVWG TV TTPOYVWON HOVO
OTOV AVEUPIOKOVTAI KATA TOUG 6 TTpWTOUG
HNVES

(Poduval et al Transplantation 2005)

AA arm6 AHR, PVN, PTLD, CMV, HCV
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Oceia T- KUTTApPIKA atToppIyn
Ei1dikoi Kuttapikoi YtrotrAnGuao ol

HwoivogiAa
* [lapovta og ~ 30% Twv Blroyiwyv Ye oggia atToppIwn
o 2TTaViwG utrepPaivouv 10 2-3% TOU dINBRPATOC

e 2UVOEOVTOAI JE AVOEKTIKOTNTA OTA KOPTIKOEION KAl KAKN
TTPOYyvVWOon

* A@pBova nwaoivogiAa (> 10%) ocuxva aveupiokovTal o€
QATTOPPIPOEVTEC VEQPPOUC UE OAANOIWOEIC EVOAPTNPITIONC

AA a1To PapuaKkeUTIKn OIQUEDN VEQPPITION

(Meleg-Smith et al, Transplantation 2005)
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e, v, 8 . O&cia KUTTAPIKA ATTOPPIYN
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& HE apBova (>10%) nwoivogiAa




Oceta T- Kotrtapwr anoppwyr) Tonoo II:
Evoaptnpttioa

* JOV®OVDHOL 0pO1L : EVOaptnpitiod, evoodnAitioaq,
evoayyeutioda, aptnpitidoda t1ov €0 yttowva (endarteritis,
endothelitis, enddotheliatis, endovasculitis, intimal arteritis)

* AOK110g 0pOG: evOapTpiTioa (TOIOg ayyEIOD, EVIONLOT)
@Aeypovrg)

* IMapatnpeitat oe 18%-56% TV ProyimwVv pe 0Sela KOTTAPIKN

' ' ' ' ' ' '
TTONNTTIIIM rT\ran\rr.\n SC1\I1‘I(TT(\(" AVNNWNWWITICNC OTIV/ITNGC OOC 00N
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pe v avtianoppurtiky) Oepaneia, HLA-matching, emmnédwv
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Oceta T- Kutrapikn anoppupn Tomoo II:
Evoaptnpitioa

* Opwopog: « 'Eva povomdpnvo KOTTAPO KAT ATO TO

aptnplako evoodnAio Bewpettar, cop@wva pe ta cooTnpaATa
Banff &CCTT, apketo yia T 01ayv@or) g evoapTnpitidagy.




O¢ecia T- Kottapwkn anoppuyn Tomoo 11 :
Evoaptnpitioa
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Ocetla T- Kottapikn anoppupn Tomoo 11 :
Evoaptnpitioa

* Iapatnpettat pe OurAaoia coxvotnta otTig
APTNPLEG AIIO O,TL OTA APTIPLOALA

* Toxva meplopiletal OTig TOLOEIOELG APTIPieg
(L0waitepa OVOKOAN N ﬁelyparo)\qlpwg

* Mnopet va napatnpnbet oto mAaioto eAayiotng
11 KaboAoo Slapemlg @Aeypovig & ev 11)
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Og&cia T- Kotrapwkn anoppwyn Tomoo III:

* Oplopog: AlaTolYOHPATIKI] APTHPLAKI)
(PAEYHPOVI] 1] V100€101G APTNPLAKI] VEKP®OT)
€ OVVOOO0 AEP@POKVTTAPIKT Or)0non

* Apvntiko C4d, amovoia DSAs
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Figure 28.28 The Banff/CCTT type of rejection
correlates well with graft survival (181). Type | does
not significantly affect prognosis, but both type II
and especially type Ill do diminish graft survival.
This study was done before C4d stains were widely
used (compare with Fig. 28.47). (Modified from Bates
WD, Davies DR, Welsh K, et al. An evaluation of the
Banff classification of early renal allograft biopsies
and correlation with outcome. Nephrol Dial Trans-
plant 1999;14:2364, with permission from Oxford
University Press.)



Figure 28.28 The Banff/CCTT type of rejection |
 correlates well with graft survival (181). Type | does
not significantly affect prognosis, but both type I
and especially type Il do diminish graft survival.
This study was done before C4d stains were widely
used (compare with Fig. 28.47). (Modified from Bates
WD, Davies DR, Welsh K, et al. An evaluation of the
Banff classification of early renal allograft biopsies
and correlation with outcome. Nephrol Dial Trans-
- plant 1999;14:2364, with permission from Oxford
University Press.)




KAIVIK) ONUOCIia ICTOAOYIKWY EUPNHATWYV
oTNV oeia T-KUTTAPIKN ATTOPPIYN

% H ékTaon Tng PAEYypOVAG £XEl OXEON ME TN S1IAyvwaon OX1 QWG
ME TNV éKBaon.
— 2.€ OPIOPEVEC HEAETEC N EKTACT TNG PAEYUOVIG OXETIOONKE PE KAAUTEPN
éEKBaon
« OI KUTTOPIKOI UTTOTTANBUCOI:

— H avahoyia Twv CD8+ KUTTAPWYV OXETICETAI JE PTWXI AVTATTOKPION O€
MEPIKEC OXI OPWGC OE OANEC TIC MEAETEC

— ‘Ek@paon tou Granzyme B>2% 1) tou CD40>25%: | empBiwon
uooxeuuatoc (Mengel et al Transplant Int 2004)

— Ta deBova TTAAOHATOKUTTOPO TOUG TTPWTOUG 6 MAVES
— Ta agpBova nWoIvoPIAa
s O BaBuég TNG CWANVITIOAG: AUPICBNTACINOG
o t3 vsti+t2
« AidoTraon Baoikwyv JENBpavwy + 2wAnvapiak Auon —  arpogia



KAIVIKN onHAoia ICTOAOYIKWY EUPNHATWYV
oTnV odcia T-KUTTAPIKN aTTopPIYN

 Aptnprakeg alowwoelg:
0 CNPAVTIKOTEPOG MPOPAENTIKOG OEIKTNG TNG KALVIKIG
¢KPaong Tov POCYEDRATOG
 Evoaptnpitioa (Tomoo II T- kottapikn amoppuyn):
> | % emBiwong pooysvpatog otov 1 ypovo
(51-58% vs 71-75% yia tonov I anoppryn)

» AvlOektikotnta ota otepoelon 10iwg enil V2 al\otwoemv
» EmaxkoAovbn ivworn) Tov €0m aptnplakov yitova

e Tomov III amoppuyn (Otatoty@PATIKY) PAEYHOVI-VEPDTIKN
apInEIToq)

AKOUI Xep0TEPT €NP1OOT TOL HOOXELPATOG Ao TV TomoL I
aroppwyn (20-32% lyr empiwon)



Table 2. The number of arteries sampled in cases of type |
rejection correlates with accuracy of predicting
steroid responsiveness

Response to o
No. of Arteries Bolus Steroids® Creatinine
(12 mo)
%o n
All cases 45 29 2416
=2 50 24 2.3+ 1.7
=3 57 14 22 +0.8

=4 75 ] 1.9 + 0.6

The Prognostic Significance of Specific Arterial Lesions in
Acute Renal Allograft Reiection

VOLKER NICKELEIT,*¥ ELEFTHERIOS C. VAMVAKAS,* MANUEL PASCUAL,"
B. JAMES POLETTI,* and ROBERT B. COLVIN*

J Am Soc Nephrol 9: 1301-1308, 1993



Awa@opikn) orayvwon osetag T Kkotrtapikng anoppiyng
* loyeveig Aopwierg (m.x. Polyoma virus, CMV, adevoiog)

* Meta-peTapooyeVTIKI AEP@PODIEPIAAOCTIKI] VOOOG

[post-transplantation lymphoproliferative disease (PTLD)]

* O¢eia moerovepitioa & Altapeon veppitioa
(PAPPAKEDTIKI)G ALTIOAOYIAG



Ala@opikn d1ayvwon ogeiag KUTTAPIKNS aTToppIYynS
loyeveic Aoipwieig
Polyoma virus
Meon nepiodog : 10 pe 13 prjveg peta 1y
PETAPOOYELON
- (6 npépeg ~ 5 xpovia)
Eninmtwon BK vepponalsiag: 1-10%
(peon:5%)
IIpokalei:
* Awapeorn ve@pitida
* Ovpyrnpikn OTEVWOT)
* AyysonaBewa (Znavia)
* AnwA&la pooyevpATOG
* Eykaipn Otayvwor): KPITikig
onpaoiag
Cr> 2,2mg/dl xata tn owayvwon

5 Seual]g PTOXNS paKpoxpovmg
eMPlOOoNGg TOL POOYEVHATOG




BK veppotrdafeia vs Oceia ATToppiyn
_ . sl

» KAewdua yua ) 6rayvwon
» lotoloyika:

* Evoomvpnvika eykAewota

* AVOOOiOTOXNJIIKI] AViXVEDOT)
dKOHI KAl €V TI) AIovoid
HOPPOAOYIKGOV ITVPNVIK®V
aA\owwoewv (povTiva)

* Lnpaocia Iapovotag
poeA®Oovg poipag
(tpomopog BK neproocotepo

YLla T 00POPOpPa TG
POEA®OOVG potpag)




BK veppotrdafeia vs Oceia ATToppiyn
KA€101a yia Tn d1ayvwon

KAwikn ovoyetion

* Ilapovoia mapayoviwv KivOOvVoD
- Xtalpeg avoooKaTAOTAATIK®V
- Tpomog avgnong tng Kpeatwvivng (paydaia abinon oovryopet
IIEPLO0OTEPO VIIEP AIOPPLYNG 1] VIIEP HAPAANNANG ATTOPPIYTG
kat BK)
- Epyaotnpraxka Evphpata.

¢ PCR oe mAdopa - ovpa - 10To

* High risk yia avamnto¢n BKVN
- BKV loads >1x10? copies/mL oto mAdaopa (predictive value>80%)
- BKV loads > 1x107 copies/mLota ovpa
- PCR otov 1010 — 0¢gv gvdeikvotat (aviyvevoorn latent virus)

* [Tibavn ovvomapén BK veppomabeiag ka1 oégiag
aropprwng (Banff 2009)



Questionnaire in preparation for the Banff 2009 discussion on
the classification of
polyomavirus nephropathies (PVN):

Please, return to:

V. Nickeleit, UNC, Chapel Hill, NC (USA)

Fax: ++919-966-4542

Email: volker_nickeleit@med.unc.edu

PVN and concurrent Renal Allograft Rejection

1) Rejection can be diagnosed in PVN. Yes
( If you mark — NO — proceed to last question #6)

2) Have YOU seen cases with PVN AND concurrent rejection? Yes [

3) If -YES- what types of rejection? (mark all fields that appl

Banff type I (tubulo-interstitial cellular)
Banff type II (transplant endarteritis)

Banff type 111

Acute, antibody mediated (C4d positive)
Chronic T-cell mediated (C4d negative)

Chronic antibody mediated (C4d positive)

O

[
(m]
O
=
O

No O

4) How many cases of PVN and concurrent rejection have you seen?

0o 1-5 &

>50

No O

5) Were therapeutic attempts made to treat rejection with sneciﬁc anti-rejection

therapv?  Yes

Would vou like “Banff” guidelines to diagnose rejection in cases of PVN ?

Yes O

7) Questionnaire filled out by:
Pathologist &

No O

No &

Nephrologist J

Other O




Dear All:

This is the final round of communication regarding the upcoming Banff consensus discussion on
a classification of “polyomavirus nephropathies” (PVN). Previous email-blasts have stimulated a
lively response and feedback from over 80 pathologists and nephrologists. Thank you for sharing
your expertise!

A) More than 90% of responders use “some form™ of classification of PVN; approximately
50% of those who provided a specific answer use the “Heptinstall classification” in their
daily practice (with modifications).

B) 89% of responders have seen various types of rejection episodes concurring with PVN
(65% of responders saw between 1 and 5 cases of PVN and rejection; 24% more than 5
cases). 69% of questionnaires indicated that specific anti rejection therapy had been
administered, in particular in Banff type 11 and/or C4d positive rejection. C4d negative
tubulo-interstitial cellular rejection, i.e. BanfT type I, was unanimously named as
diagnostically most challenging when concurring with PVN and had been treated with
various protocols. [The concurrence of and diagnostic approach to Banff type I rejection
definitely requires further discussions at Banff — a possible diagnostic approach is
outlined below in the PVN staging scheme ].

C) 75% of responders would like Banff guidelines on how to stage PVN and how to
diagnose concurrent rejection.

We think the message is clear: Banff classification guidelines for PVN would generally be
considered helpful. Based on your input, we drafted a white paper (see below: “Evaluating,

scoring and classifying polyomavirus nephropathy (PVN) post kidney transplantation:
Banff Consensus Guidelines™) that is open for further discussion — now and at the Banff 2009
meeting. We want to keep the classification at this juncture simple and robust, primarily focusing
on early/acute and chronic stages of PVN and concurrent rejection. In particular those of you
who are unable to attend this year’s meeting, please, provide some feed-back to Volker
Nickeleit, email: Volker nickeleit@med.unc.edu. Here the questions:

1) In general do you find the proposed PVN classification scheme helpful and should it be
incorporated into the upcoming Banff revision:

YES

NO

2) What specific issue should be further addressed, changed, re-worded and improved?

Best wishes,

Volker Nickeleit & Mike Mihatsch




lively response and feedback from over 80 pathologists and nephrologists. Thank you for sharing =

your expertise!

A) More than 90% of responders use “some form” of classification of PVN; approximately
50% of those who provided a specific answer use the “Heptinstall classification” in their
daily practice (with modifications).

B) 89% of responders have seen various types of rejection episodes concurring with PVN
(65% of responders saw between 1 and 5 cases of PVN and rejection; 24% more than 5
cases). 69% of questionnaires indicated that specific anti rejection therapy had been
administered, in particular in Banff type Il and/or C4d positive rejection. C4d negative
tubulo-interstitial cellular rejection, i.e. Banff type I, was unanimously named as
diagnostically most challenging when concurring with PVN and had been treated with
various protocols. [The concurrence of and diagnostic approach to Banft type | rejection
definitely requires further discussions at Banff - a possible diagnostic approach is
outlined below in the PVN staging scheme |.

C) 75% of responders would like Banff guidelines on how to stage PVN and how to

diagnose concurrent rejection.



Stage A M2H45 - Viral replication with intranuclear inclusion bodies
(early changes) and/or positive immunohistochemistry (SV40 T antigen)
or in-situ hybridization signals

- No or minimal tubular epithelial cell lysis

- No denudation of tubular basement membranes
(no viral ATN)

- Banff chronicity scores < ci3 and ct3

Stage A "***5(medulla) - Changes limited to medulla
Stage A ">**5 (cortex) - Changes seen in cortex and possibly also medulla

| Stage A differs from stage B by the degree of virally induced epithelial cell lysis and virally induced ATN that is
absent in stage A and present in stage B |

Stage B 2345 - Conspicuous viral replication in cortex and/or medulla
(florid changes) - Marked virally induced tubular epithelial cell

necrosis/lysis and associated denudation of tubular
basement membranes (virally induced ATN in one or
more tubular cross sections)

- Banff chronicity scores < ci3 and ct3

[ Stage B differs from stage C by the degree of chronic tubulo-interstitial injury ]

Stage C V2345 - Viral replication in cortex and medulla (minimal to
(late sclerosing marked)
changes) - Banff chronicity scores > ci3 and ct3

! The adequate diagnostic workup for PVN requires 2 biopsy cores including medulla;
comment if samples are inadequate

? Interstitial inflammation varies from BanfT scores i0-i3. Inflammation is often most
pronounced in PVN stage B. Stage A may lack an inflammatory reaction.

* PVN and rejection (acute, chronic, cell and/or antibody mediated) can concur and
should be diagnosed according to standard criteria. Suggest concurrent BanfT type 1
cellular tubulo-interstitial rejection if inflammation and tubulitis are seen in areas distant
from viral replication, i.e. SV40 positive nuclei (by THC) are more than one 20 x field
away from foci with inflammation and tubulitis.

* Chronicity scores are presumed to be PVN related. If chronic injury can be attributed to
other causes, i.¢. previous rejection, donor disease etc, comment in diagnosis.

YN and refeion (sute chroni, el andlor antbody mediated) can concarand
should be diagnosed according to standard crieria, Suggest concurrent Banff type |
ctllular tubulo-interstital rejection if nflammation and tubulitis are seen in arcas distant
from viral replication, i.¢. SVAD positive nuclei by 1HC) are more than one 20 x feld
away from foci with inflammation and fubulits



Ala@opiki d1ayvwon ogeiag KUTTAPIKNGS ATTOpPIYNS

CMV- Aoipwén
* [apaywyikn CMV Aoipwén: . T ¥
OTTAVIA OTO OUTIKO KOOMO, 1,9% | é % { A
oTIg Ivdieg UL
e R
o ETTi CMV voéoou(TTupeToc, T8 B Fﬁ’i*ﬁ e “ﬂ
AeuKoTTEViQ, NTTATITION N £, e
TIVEUPOVITIOA) : TTPOCROAN L Ty o, RIS P
HOOXEUNATOC: 25% a. a® T o " SP
_FI
« EAaxioTa kpitripia diayvwaong
CMV veppiTidac: ?
KuTttapotrabnTikECaAAOIWaEIC/ .
CMV mpwreivec 3 m-RNA LR ‘e %,
Kivouvog TTupod0Tnang ETTEICOOIWV
aTTopPPIYNS R SR L



Ala@opikn d1ayvwon 0gEiag KUTTAPIKNS ATToppIYnS
MeTO-HETAOPOOXEUTIKA AENPOUTTEPTTAACTIKI VOO OG [post-transplantation
lymphoproliferative disease (PTLD)
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€I0IKWV UTTOTTANBUO WYV Kupiwg B

Ala@opIiKn d1ayvwon ogeiag KUTTAPIKNG
amoppPIYng

MeTO-HETAMOOXEUTIKA AENPOUTTEPTTAACTIKI VOO OG [post-
transplantation lymphoproliferative disease (PTLD)

—EI0IKEG XPWOEIG VIO
avixveuon:

aAAG KAl T- Aepgokuttdpwy
avoOooloTOXNMEIO Kal In situ

UBPISIOUOC VIO avixveuan
avTiyovwyv EBV

moooTtik) EBV-PCR
AVTINETWTTION:
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Ala@opikn d1ayvwon 0geiag KUTTAPIKNS aTTOpPpPIYNS
AlGqpeon ve@piTida QAPHUAKEUTIKAG I} AOIHWOOUG aITIOAOYIOG

« DOPUAKEUTIKA: T QUWOCIVOPIALV
«oeia amoppIYn LUEXPIC ATTOOEIEEWCS TOU EVAVTIOU »

« O¢tcia TueAoveppitida: MoAupoppoTTupnVikeS BINBNCEIC

(aBpoicEIC TTOAUNOPPOTTUPAVUIIV EVTOC AUAWV
OUPOPOPWV SWANVAPIWY)
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Xpovia Evepyog T-KUTTOPIKN
amoppPIYn

3. Bordarline changes: ‘Suspicious' for acute T-oelkmediated rejection (may coincide with categonies 2 and 5 and )
This cateqory is used when no intimal arterts is present, but there are foci of tubulitis ft1, 12 or 13) with minor interstitial infitration (0
or i) or interstitial infiltration (12, 13) with mild (t1) tubulivs
4, T-cell-mediated rejoction (TCMR, may coincide with categories 2 and 5 and )
Acute Toellmediated rejection (Type/Grade]
1A, Cases with significant interstitial infitration {>25% of parenchyma affected, 12 or i3] 8nd foci of moderate tubultis (t2)
18, Cases with significant interstitial infilration {>25% of parenchyma affected, i2 or i3} and foci of severe tubuliis (t3)
IIA. Cases with mild-to-moderate intimal arterits (v1)
11B. Cases with severe intimal arterifis comprising >26% of the luminal erea v2)
L. Casas with ‘tansmural ateris andlor artaria fibvinoid change and necrosis of medial smooth muscle cells with accompanying
ymphocytic inflammation (v3)

Chronic active T-oelkmediated rejection
‘shronic allograft arteriopathy’ (arteral intimel ibrosis with mononuclear cell nfilration in fibrosis, formation of neg-intimal



Xpovia evepyog TCMR

Chronic active TCMR Chronic allograft arteriopathy (arterial intimal fibrosis with mononuclear cell infiltration in fibrosis, formation
of necintima); note that such lesions may represent chronic active ABMR as well as TCMR; the latter
may also be manifest in the tubulointerstitial compartment

American Journal of Transplantation 2017; 17: 28—41

Xpovia evepyOdg OKANPUVTIKA i e
METAMOOXEUTIKI apTnplotradsia (chronic : : R Y
active sclerosing transplant arteriopathy) : g
« AleUpuvan Tou E0w XITWVA AOYyw CUCCWPEUONG : : :
kaAAayovou | & 3, (xwpig EAGoTwonN), Pe TToIKiAou | I« o0 e e
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e ToIKIAOC apIBUAC HUIOIVOBAGOTWV, OPPWIWY SR L T R N
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XYMIKH ANOPPIWH (HUMORAL
REJECTION)

» YINNEPOZ=EIA (HYPERACUTE)
 OZEIA (ACUTE/ACTIVE )
« XPONIA ENEPI'O2 (CHRONIC ACTIVE)



YTrepoceia Atroppiyn

e TUTTOC XUMIKNG aTTOPPIYN
[TpooxnUaTIONEVO AVTICWUATA
Apeon atmoppiyn (10-60min)
Alqyvwaon Tou Xeipoupyou

Kal OXI TOU TTaBoAoyoavaTOuoU
2TTavIa cnueEpPa




Dark Ages for Antibody
1970-1990

No connection between antibodies and
pathology

Antibodies regarded as epiphenomenon

T cells reigned

Robert B. Colvin, M.D.

Massachusetis General Hospital
Harvard Medical School

Banff X
August 10, 2009
Banff, Alberta



Antibodies affect outcome of acute rejection
and pathologic pattern

1990

Halloran PF, Wadgymar A, Ritchie 5, Falk J, Solez K, and
Srinivasa NS, The significance of the anti-class | antibody
jesponse. | Clinical and pathelogic fealuies ol anli-class |-
mediated rejection. Transplantation, 49: 85-91 1990

1992

Halloran PF, Schlaut J, Solez K, and Srinivasa N3, The
significance of the ant-class | antihody response. (1. Clinical and
pathologic features of renal transplants with anti-class |-like
antibody. Transplantation, 53: 550-5,1992.

1996
Trpkov K, Campbell P, Pazderka F, Cockfield S, Solez K, and

Halloran PF, Pathologic features of acute renal allograft rejeclion
associated with donor-specific antibody. Analysis using the Banff

grading schema. Transplantation, 61: 1586-92 1996.



Clin, exp, Immunod. (1991) 86, 464-470

Vascular deposition of complement-split products in kidney
allografts with cell-mediated rejection

H. E. FEUCHT*f, E. FELBERT, M. J. GOKEL?}, G. HILLEBRANDS, U. NATTERMANNSE,
C. BROCKMEYERT, E. HELD*, G. RIETHMULLERt, W. LANDY & E. ALBERT** *Medizinische Kfinik
Innenstadt, Tinstivt . Immunologie, Instivut . Pathologie, §Nephrolog. Abtlg, Medizinische Klinik I, W Abtlg. .
Transplantationschirurgie, Klinikum Grofhadern, and ** Medizinische Kinderpoliklinik, University of Munich, Germany

{ Accepted for publication 25 June 1991 )

SUMMARY

Complement activation in 73 renal transplant biopsies was investigated by indirecl immunoperoxi-
dase staimirg using MoAbs reactive with complement-split products. Intense depositon of
complement fragments Cdd and C3d in peritubular capillaries, indicating activation ol the classical
pathway, could be detected in the majority of transplanted kidneys with cell-mediated rejections.
Abundant deposition of complement-split products was observed in 22 early biopsies from patients
with high ‘immunological risk® (i.e. previous. rejected transplants and/or circulating antibodies
against HLA-antigens). Despite negative resualts in the crossmatch beflore transplantation and
paucity of mmunoglobulins in transplant biopsies, antibodies directed against endothehal cell
antigens shculd be considered as a possible cause of classical complement activation.




Cdd Depusumn detected in PTC in Rejection
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“On the basis of covalent binding and
amplification, it appears that staining of
complement fragment C4d seems to be a
practical tool for the demonstration of in situ
humoral immune reactions that are not easily

detectable otherwise.”

Helmut Feucht et al, 1991




C4d: d&iKTNG XUMIKNG ATTOpPIYNG

*  AVOOOAOVYIKO ATTOTUTTWHA dlapKEiac AOyw oTaBepnc
oUVOEONG TOU PE TO EVOOBNAIO TWV TTEPIOCWANVAPIOKWYV
TPIXOEIOWV.

« AcloAoyeital oTa TTEPIOCWANVAPIAKA TPIXOEION TOOO TNG
PAOILWOOUC 00O Kal TG MUEAWDOUC Moipag

e Ta TEpIOCWANVAPIAKA TPIXOEION £XOUV AIYOTEPOUC
QVOCOTOAEIC EVEPYOTTOINONG TOU CUUTIANPWUATOG
(cdd9/protectin) og oxéon PYE T OTTEIPAMATIKA TPIXOEION
(DAF/CD55,MCP/CD46,CR1&CD59) — o101
TTEPIOCWANVAPIAKA TPIXOEION, N KAQCOOIKN 000C
EVEQYOTTOINONC TOU CUUTTANPWUOTOG AEITOUPYEI OXETIKA

QVEUTTOOIOTA



C4d: d€iKTNG XUMIKNAG aTTOPPIYNS

AdpavEC TTPOIOV 0IACTTAONG TOU
C4b katd TNV KAAOOIKA,
MEoOAABoUPEVN ATTO AVTICWUATA,
000 evePYOTTOINONG TOU
OUMNTTANPWHATOC

To C4d d¢ev gvepyoTroigital atro
TNV EVOAAQKTIKN 000

2 UVOEETAI OTOBEPA PE TO
evooOnAio

AAN\a ocuoTaTIKO TOU
OUMNTTANPWMPATOC TTOU OUVOELoVTal
LE TO evO0oBNAIo ecagavidovTal
YpPryopa Kata tnv evooBnAiakn
BAGRN

Pathways to C4d deposition

[gG/IgM Antibody

Alloantigen \

Autoantigen
Exogenous Ag

Alternative Pathway

Surface
Properdin
Factor B

Protein

i ~
_~ Phosphorylcholine /

' Microbes

‘ Lectin Pathway

» Mannose/Glucosamine
Microbes

<! ‘// Dread cells
Clg MBL
Clr,s MASP-1,2
AN e
b .l
C4
.
C4b — | C4d — Covalent bond to tissue
.
| o O
l 3 & '[N(' f‘jde — Covalent bond to tissue
ks : - A— O s IO W 5. %%



Cdd Publications by Year

O Kidney @ Heart O Liver OLung BFancreas O bowe
281 52 29 21 5 2
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C4d: pebBoodol avixveuonc
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C4d scoring adjusted for staining method
Suggestion by the Banff Conference 2007

o L]
/0 b IO psy a I'ea Significance and interpretation according to technique

(cortex and/or medulla) IF IHC
C4d0 Negative: 0% Neg Neg
C4d1 Minimal 1<10% Neg Unknown

C4d2 FOCGl 10‘500/3 Unknown _
C4d3 Diffuse >50%  lPos | Pes

K Solez et al, AJT 2008



Postulated Stages of Humoral Rejection

Clinical: graft dysfunction

Graft: C4d

Blood: de novo antibodies

r
I

Transplant

Accommodation | feiecion

Mo C4d  With C2d  Subclinical Climical

Colvin and Smith, Nature Rev Immunol 5807, 200%



EuvaioBnoia C4d

o C4d+ Bioyiec £Xouv KUKAOPOPOUVTA
avTiowpaTta o€ ~80% (63-90%)

C4d deposits without circulating DSA

*ATI0ppO@PNOT AANOAVTIOCOHRAT®V OTO HOOYEDHA
*‘Mn HLA aM\oavtiocopata

*EvepyoTtToinon CUNTTANPWMATOG ATTO IoXAIMIa?

Mauiyyedi, JASN 2002; Bohmig, JASN 2002; Koo Transplantation 2004



EidikoTnTa C4d

« C4d(-) Browiec éxouv DSA o€ ~ 35% (2-53%)
Kok o@opoovta DSA ywpig C4d

*[MoikiAn EvaioBnoia opoAoyikwyv peBOdwWYV (Peudwg BeTIKA)

*AVTICWHOTA U1 EVEPYOTTOIOUVTA TO CUMTTARPWHA

*AVETTEPKIG evaiobnoia peBodou avixveuong C4d



New Banff Categories

« 2001— Acute Ab Mediated Rejection
Racusen et al Am J Transplant, 3: 708-14,2003.

« 2005— Chronic Ab Mediated Rejection
Solez K et al, Am J Transplant, 7: 518-26,2007.

« 2007— C4d deposition without active

vainartianrn
| GJG\:I.IUI |

Solez K et al, Am J Transplant, 8: 753-60,2008.



Table 3; Banff 97 diagnostic categories for renal allograft biopsies—Banff 07 update 2

1. Normal
2. Antibody-mediated changes (may comcide with categories 3, 4 and 5 and 6)
Due to documentation of circulating antidonor antibody, and C4d® or allograft pathology
C4d deposttion without morphologic eviaence of active rejection
Cdd+, presence of circulating antidonor antibodies, no signs of acute or chronic TCMR or ABMR (1.¢. g0, ¢g0, ptc0, no ptc
lamination). Cases with simultaneous borderline changes or ATN are considered as indeterminate
Acute antibody-medlated rejection’
Cdd+, presence of circulating antidonor antibodlies, morphologic evidence of acute tissue injury, such as (Type/Grade):
. ATN-ike minimal inflammation
1. Capillary and or glomerular mflammation {ptc/g >0) and/or thromboses
Il Arterial—v3
Chronic active antibody-mediated rejection’
Cdd+, presence of circulating antidonor antibodiies, morphologic evidence of chronic tissue injury, such as glomerular double

contours andfor peritubular capillary basement membrang multilayering ancfor interstital fibrosis/tubular atrophy andfor fibrous
intimal thickening in arteries




Banff classification of renal allograft rejection

Table 3: Banff 97 diagnostic categories for renal allograft biopsies—Banff'07 update "2

1. Normal
2. Antibody-mediated changes (may coincide with categories 3, 4 and 5 and 6)
Due to documentation of circulating antidonor antibody, and C4d? or allograft pathology
C4d deposition without morphologic evidence of active rejection
C4d+, presence of circulating antidonor antibodies, no signs of acute or chronic TCMR or ABMR (i.e. g0, cg0, ptc0, no ptc
lamination). Cases with simultaneous borderline changes or ATN are considered as indeterminate
Acute antibody-mediated rejection®
C4d+, presence of circulating antidonor antibodies, morphologic evidence of acute tissue injury, such as (Type/Grade):
|. ATN-like minimal inflammation
Il. Capillary and or glomerular inflamnmation (ptc/g >0) and/or thromboses
lll. Arterial—v3
Chronic active antibody-mediated rejection”
C4d+, presence of circulating antidonor antibodies, morphologic evidence of chronic tissue injury, such as glomerular double
contours and/or peritubular capillary basement membrane multilayering and/or interstitial fibrosis/tubular atrophy and/or fibrous
intimal thickening in arteries

DSA

=
I
o

Counts
0 5 1013 20

Counts
0 5 1015 20




Banff 2009 classification of ABMR renal allograft rejection

Banff ‘08 Meeting Report

Table 1: Banff 97 diagnostic categorias for renal allograft biopsies—Banff '09 update

1. Nomnal
2, Antibody-mediated changes (may coincide with categories 3, 4 and 5 and 6)
Due to decumantation of circulating antidonor antibody, C4d ' and allograft pathology
C4d depaosition without morphologic evidence of active rejection
C4d+, prasenca of circulating antidonor antibodies, no signa of acuta or chronic TCMR or ABMR {i.e. g0, ¢g0, pte, no ptc lamination
(<5 layars by electron microscopy), no ATNHike minimal inflammiation). Casas with simultanaous borderling changes are
considerad as indeterminate

Acuta antibody-madiated rejection®
C4d+, prasencae of circulating antidonor antibodies, morphologic evidence of acute tissua injury, such as (Typa/Grade)
|. ATNike minimal inflammation
|I. Capillary and or glomarular inflammation {pte/g =0) andfor thrombosas

|Il. Artarial -v3
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2011— C4d negative ABMR

Banff working lunch and online discussions on C4-negative ABMR

Sigmificant himitations of C44d as a diagnostic marker tor ABMR were wdentitied. According
to the current Banft classification only diffuse C4d staiming by immunofluorescence on
frozen sections or at least focal staining by immunoperoxidase on paratfin sections can be
called ABMR (31). Cdd-negative cases showing MI in the presence of DSA are termed
susprcious for ABMR. It 1s evident that C4d 1s of lmited sensitivity due to methodologie
1s5ues, but also due to real hological phenomena like noncomplement fixing antibodies,
waxing and waning of C4d deposition or reduced capillary density. In addition, positive
staiming tor C4d wathout MI or graft dysfunction can be observed in ABO-incompatible
cases and patients treated with eculizumab. The existence of C4d-negative ABMR as a
phenotype has been broadly accepted by the participants of a working lunch at the 11th
Bantt meeting. A new working group was established with the goal of defining and
validating reproducible, relevant and climically teasible diagnostic entena tor Cdd-negative
ABMR. In this regard, the detection of NK cells and endothelial activation may be helptul in
wdentifying Cdd-negative cases (18,19). It was acknowledged that it 15 crucial to prevent
over-thagnosing ABMR since treatment 15 sigmificant in terms of side eftects and costs. To
this end there remain important 15sues that need to be resolved before a diagnoshe category
of Cd4d-negative ABMR can be added to the Banft classification. These imnclude:

1. Dehning appropnate thresholds for microvascular injury and for DSA that provide
an optimal balance of specificity and sensitivity tor ABMR, noting that none ot
these morphologic changes are specitic and that not all patients with DSA have
ABMR.

2.  Detiming “Cdd-negative”. There 15 some evidence that tocal C4d 15 often (though

less so than diffuse C4d) associated with DSA and microvascular injury (32).

3. Detiming acute versus chromcfactive ABME.

Detiming the sigmiticance of intimal arteritis (in the absence of necrosis) a3
stologic evidence for ABME.
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Banff 2013 Meeting Report: Inclusion of
C4d-Negative Antibody-Mediated Rejection
and Antibody-Associated Arterial Lesions
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*Corresponding author: Mark Haas, mark haas@cshs.org

The 12th Banff Conference on Allograft Pathology was
held in Comandatuba, Brazil, from August 19-23,
2013, and was preceded by a 2-day Latin American
Symposium on Transplant Immunobiology and Immu-
nopathology. The meeting was highlighted by the
presentation of the findings of several working groups
formed at the 2009 and 2011 Banff meetings to: (1)
establish consensus criteria for diagnosing antibody-
mediated rejection (ABMR) in the presence and absence
of detectable CAd deposition; (2) develop consensus
definitions and thresholds for glomerulitis (g score) and
chronic glomerulopathy (cg score), associated with
improved inter-observer agreement and correlation
with clinical, molecular and serological data; (3)
determine whether isolated lesions of intimal arteritis
(“isolated v"”]) represent acute rejection similar io
intimal arteritis im the presence of tubulointerstitial
inflammation; (4) compare different methodologies for
evaluating interstitial fibrosis and for performing/
evaluating implantation biopsies of renal allografts




o 2rmreipapartitidoa (glomerulitis): TTANPNC N MEPIKN
ATTOPPACN 21 OTELPAUATLKOU TPLYOELOOUG OO AEUKOKUTTAPLKN
dtNOBnon & evboBnAtakn SLOykwaon

« @ score: TTooooTO TTPooReRANUEVWY oTTEIPANATWV: 1-25%
(g1), 26—-50% (g2) & >50% (g3)

« MéBodoc¢ avwTtepn atrd TN PETPNON apiBuou
AEUKOKUTTAPWV/ OTTEIPAMO AKOPN KAl JE TN XpNon OEIKTWV
Y CD68

Banff 2013 Meeting Report
Haas et al Am J Transplantation 2014; 14; 272-283
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Figure 1: Two examples of glomeruli with segmental glomerulitis, defined as complete or partial occlusion of >1 glomerular

capillary by leukocyte infiltration and endothelial cell enlargement (arrows). In addition to glomerulitis, the glomerdus in panel B
shows transplant glomerulopathy (cg1b) with 8 small number of glomerular basement membrane double contours in the vicinity of the

arrow, and pertubular capillaritis is also present. Periodic acid-Schiff stain, onginal magnification »400 (both panels).

American Journal of Transplantation 2014, 14: 272-283 275

-.-L- 3
}

-.-.l-l- .
}

rr;-l- .
}
iy P
I

b bl
}

s

iy F P



1 4

’

r

1 4

WV aTTd povotTupnva N

o
w
e
>
Q
T
ey

uw
O
&
S
E S
S =
5

O

= 0O
T
SIS
=ie)
®)

o)
Q 5
w <
= O
W E






. Oceia Xupikn Atroppiyn @
[TepiowAnvapiakn TpixocidiTidoa (ptc)

Quantitative criteria for peritubular capillaritis: ptc score

ptcO At least one leukocyte in <10% of cortical PTCs and/or maximum number of leukocytes <3

ptc At least one leukocyte cell in =10% of cortical FTCs with three or four leukocytes in most severely involved PTC
ptc2 At least one leukocyte in =10% of cortical PTCs with five to 10 leukocytes in most severely involved PTC

ptc3 At least one leukocyte in =10% of cortical FTCs with =10 leukocytes in most severely involved PTC

AcZloloyeital uévo oTo PAoIO
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Banff 2015 Kidney Meeting Report

Table 3: Updated 2015 Banff classification categories

Category 1: Normal biopsy or nonspecific changes
Category 2: Antibody-mediated changes
Acutefactive ABMR All three features must be present for diagnosis. Biopsies showing histological features plus evidence of
current/recent antibody interaction with vascular endothelium or DSA, but not both, may be designated as
suspicious for acute/active ABMR. Lesions may be clinically acute or smoldering or may be subclinical; it
should be noted if the lesion is C4d-positive or C4d-negative, based on the following criteria:
1 Histologic evidence of acute tissue injury, including one or more of the following:
e Microvascular inflammation (g =0 in the absence of recurrent or de novo glomerulonephritis, and/or
ptc =0)
¢ Intimal or transmural arteritis (v >0)’
e Acute thrombotic microangiopathy in the absence of any other cause
o Acute tubular injury in the absence of any other apparent cause

[ Evidence of current/recent antibody interaction with vascular endothelium, including at least one of the
following:

e Linear C4d staining in peritubular capillaries {C4d2 or C4d3 by IF on frozen sections or C4d =0 by
IHC on paraffin sections)

o At least moderate microvascular inflammation ([g + ptc] =2), although in the presence of acute
TCMR, borderline infiltrate, or infection; ptc =2 alone is not sufficient, and g must be =1

¢ Increased expression of gene transcnpts in the biopsy tissue indicative of endothelial injury, it thor-
oughly validated

3 Serologic evidence of DSAs (HLA or other antigens)

e Biopsies suspicious for ABMR on the basis of meeting criteria 1 and 2 should prompt expedited

DSA testing

1+2 {4 143 — OmromrTn ABMR




PREVALENCE OF ACUTE HUMORAL
REJECTION (388)°

Patients N
Crespo et al, Boston (391) 232
Rocha et al, Durham (476) 286
Abe et al, Tokyo (497) 640

TOTAL 1158

Biopsies for acute rejection
Mauiyyedi et al, Boston (153) 67
Nickeleit et al, Basel (348) 265
Herzenberg et al, Vancouver (354) 33
Mengel et al, Hanover (456) 377
Lorenz et al, Vienna (393) 388
TOTAL 1190

%
8.2%
5.6%
6.5%

6.6%

29%
35%
37%
21%
17%

24%

dThese data include all cases that were C4d+, whether or not
concurrent component of acute cellular rejection was present.

d

From Rotman S, Collins AB, Colvin RB. C4d deposition in allografts:
Current concepts and interpretation. Transplant Rev 2005;19:65.




Are capillary inflammatory lesions predictive of chronic rejection?
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In protocol biopsies, PTCitis at 3 months was associated with chronic antibody
mediated rejection at 12 months.
E. Lerut et al.,, Transplantation 2007

10/10 recipients with subclincal AMR showed accumulation of immune cells in
peritubular capillaries (PTCitis) and 8/10 had glomerulitis.

Subclinical AMR is associated with increase of cg, ci and ct in follow up Bx.

M. Haas et al., AJT 2006
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Accommodation, acquired
resistance of the graft against
persisting alloimmune reactions

Alloantibody and/or Subclinical rejection, with a high
complement in stable > risk of chronic allograft damage
grafts and accelerated graft loss

Transient/weak immune response
very iow risk of graft ioss



Solez et al.

Table 3: Banff 97 diagnostic categories for renal allograft biopsies—Banff’07 update 1,2
1. Normal

2. Antibody-mediated changes (may coincide with categories 3, 4 and 5 and 6)

Due to documentation of circulating antidonor antibody, and C4d or allograft pathology
C4d deposition without morphologic evidence of active rejection

C4d+, presence of circulating antidonor antibodies, no signs of acute or chronic TCMR
or ABMR (i.e. g0, cg0, ptcO, no ptc lamination). Cases with simultaneous borderline
changes or ATN are considered as indeterminate

Acute antibody-mediated rejection

C4d+, presence of circulating antidonor antibodies, morphologic evidence of acute
tissue injury, such as (Type/Grade):

|. ATN-like minimal inflammation

ll. Capillary and or glomerular inflammation (ptc/g >0) and/or thromboses

lll. Arterial—v3

Chronic active antibody-mediated rejection

C4d+, presence of circulating antidonor antibodies, morphologic evidence of chronic
tissue injury, such as glomerular double contours and/or peritubular capillary basement
membrane multilayering and/or interstitial fibrosis/tubular atrophy and/or fibrous

intimal thickening in arteries

Meeting Report

Banff 07 Classification of Renal Allograft Pathology:
Updates and Future Directions

American Journal of Transplantation 2008: 8: 753-760




Chronic active antibody-mediated rejection
(Banff category 2)

Banff ‘09 Meeting Report

Table 1: Banff 97 diagnostic categories for renal allograft biopsies—Banff '09 update

1. Normal
2. Antibody-mediated changes (may coincide with categories 3, 4 and 5 and &)
Due to documentation of circulating antidoner antibody, C4d. ! and allograft pathology
C4d depasition without morphologic evidence of active rejaction
C4d4, prasanca of circulating antidonor antibodias, no signa of acuta or chronic TCMR or ABMR {i.e. g0, ¢g0, pte0, no ptc lamination
(=5 layars by elactron microscopy], no ATN-like minimal inflammiation). Cases with simultansous borderline changes ara
considered as indaterminate
Acute antibody-madiated rejaction®
C4d4, prasanca of circulating antidonor antibodies, morphologic evidance of acute tissua injury, such as (Typa/Grads)
|. ATNika minimal inflammation
Il. Capillary and or glomarular inflammation (ptcfg =0} andfor thromboses

lIl. Artarial - v3

Chronic active antibody-madiatad rajaction
C4d4, prasanca of circulating antidonor antibodias, morphologic evidanca of chronic tisaue injury, such as glomarular double
contours andfor peritubular capillary basement membrane multileysring andfor interstitial fibrosisftubular atrophry and/or fibrous
intimal thickening in artarias




AlayvWOTIKA KPITAPIO XPOVIAG EVEPYOU XUMIKAG ATTOPPIYNS
(Chronic active antibody mediated rejection)

1.Evdeigeig dpaong/evamobeong avriowpdTwy otov 1016(C4d
OTA TTEPICWANVAPIOKA TPIXOEION)

« 2. OpoAoyikn £vosign anti-HLA iR aAAwv antidonor AB
« 3.loToAoyIKEG evOEigelg Xpoviag BAaBng
(atTaiTouvTal 2 At 1A 4):
- ‘lvwaon Tou apTnpIokoU €0W XITWVA XWEIC EAAOTWON
- Atpo@ia oupoPOpwWV CWANVAPIWV
- AITAQCI00OPOC TWV OTTEIPAUATIKWY BACIKWY UEUBpavWV

- [oAuoTiBadwaon (muIt|Iam|nat|on) TWV PACIKWV PEURPAVWV TWV
TTEPIOCWANVAPIAKWY TPIXOEIOWV *

OAa 1a 3 peilova kpITripia atraiTouvTal

H 1rapouacia ) amroucia duoAeiToupyiag Tou JooxeUaTOg KaBopigel Eav N atroppiyn ival
KAIVIKF 1] UTTOKAIVIKN)

*Kpiripia ToAuoTIBadwong kata Ivanyi : 2 3 epIocwAnvaplakd TPIX0EIdn pe 5-6 oTIBAdES
N Eva TPIXOEIDEC YE 2aTTO 7 OTIBAdEC



Chronic active antibody-mediated rejection
(Banff category 2), Banff 2015

£

Chronic active ABMR®  All three features must be present for diagnosis. As with acute/active ABMR, biopsies showing histological
features plus evidence of current/recent antibody interaction with vascular endothelium or DSA, but not
both, may be designated as suspicious, and it should be noted if the lesion is Cdd-positive or C4d-
negative, based on the criteria listed:

|1 Histologic evidence of chronic tissue Injury. including one or more of the following: |
e 1[G (cg =0), if no evidence of chronic thrombotic microangiopathy; includes changes evident by EM
only (cgla; Table 4)
Severe peritubular capillary basement membrane multilayering (requires EM)?
Arterial intimal fibrosis of new onset, excluding other causes; leukocytes within the sclerotic intima
tavor chronic ABMR if there is no prior history of biopsy-proven TCMR with arterial involvement but

are not reguired

2 Evidence of current/recent antibody interaction with vascular endothelium, including at least one of the
following:

e Linear Cdd staining in peritubular capillaries (C4d2 or C4d3 by IF on frozen sections, or C4d =0 by
IHC on paraffin sections)
e At least moderate microvascular inflammation ([g + ptc] =2), although in the presence of acute
TCMR, borderline infiltrate, or infection, ptc =2 alone is not sufficient and g must be =1
e |Increased expression of gene transcrpts in the biopsy tissue indicative of endothelial injury, it thor-
oughly validated
3 Serologic evidence of DSAs (HLA or other antigens):
e LBiopsies suspicious tor ABVMH on the basis of meeting criteria 1 and 2 should prompt expedited
D5SA testing
C4d staining without All three features must be present for diagnosis®
evidence of rejection 1 Linear C4d staining in peritubular capillaries (C4d2 or C4d3 by IF on frozen sections, or Cd4d >0 by IHC
on paraffin sections)
2 g=0, ptc =0, cg =0 (by light microscopy and by EM if available), v = 0; no TMA, no peritubular capillary
basement membrane multilayenng, no acute tubular injury {in the absence of another apparent cause for this)
3 No acute cellFmediated rejection (Banff 1997 type 1A or greater) or borderline changes




METAUOOXEUTIKN 2TTEIPAUATOTIADEIO
(Transplant Glomerulopathy TG)

AIOKPITI) HOPYN OTTEIPAMATIKNG VOOOU TOU JOOXEUUATOC

2TIC TTEPIOCOTEPEC TTEPITITWOEIC EiVAI ATTOTEAECHA XPOVIOG
EVEPYOU XUHMIKNG ATTOPPIYNG.

loxupn ocuoxETion pe TNV mapouacia DSA kai C4d staining,
ouUYXPOVWCE N VWwPITEPA

AITTAACI00UOGC PACIKWY MEMBPAVWY OTTEIPAUATIKWY
TPIXOEIOWV (Cg)
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Banff 2015 Kidney Meeting Report

cg0: amovuacio avadutAaCLOCUWY TWV
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napouoia (ateANg N CUYKEVTPLKNA) o€ >3
OTIELPOLLATLKA TPLY0ELd oto HM Lie
ouvod0 evboBnALakr SLoykwaon Ko/
urtevdoBnAtakn dtavyn dtevpuvon

cglb: avadutAaolaopol o 1-25% twv
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npochB?\nuevo un GK)\npuouevo
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Juviotatal eniBeBaiwon pe HM
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Chronic active antibody-mediated rejection
(Banff category 2), Banff 2015

Chronic active ABMR®  All three features must be present for diagnosis. As with acute/active ABMR, biopsies showing histological
features plus evidence of current/recent antibody interaction with vascular endothelium or DSA, but not
both, may be designated as suspicious, and it should be noted if the lesion is Cdd-positive or C4d-
negative, based on the criteria listed:

|1 Histologic evidence of chronic tissue Injury. including one or more of the following: |
e 1[G (cg =0), if no evidence of chronic thrombotic microangiopathy; includes changes evident by EM

only (cgla; Table 4)

Severe peritubular capillary basement membrane multilayering (requires EM)?

Arterial intimal fibrosis of new onset, excluding other causes; leukocytes within the sclerotic intima

tavor chronic ABMR if there is no prior history of biopsy-proven TCMR with arterial involvement but

are not reguired

v

2 Evidence of current/recent antibody interaction with vascular endothelium, including at least one of the
following:

e Linear Cdd staining in peritubular capillaries (C4d2 or C4d3 by IF on frozen sections, or C4d =0 by
IHC on paraffin sections)
e At least moderate microvascular inflammation ([g + ptc] =2), although in the presence of acute
TCMR, borderline infiltrate, or infection, ptc =2 alone is not sufficient and g must be =1
e |Increased expression of gene transcrpts in the biopsy tissue indicative of endothelial injury, it thor-
oughly validated
3 Serologic evidence of DSAs (HLA or other antigens):
e LBiopsies suspicious tor ABVMH on the basis of meeting criteria 1 and 2 should prompt expedited
D5SA testing
C4d staining without All three features must be present for diagnosis®
evidence of rejection 1 Linear C4d staining in peritubular capillaries (C4d2 or C4d3 by IF on frozen sections, or Cd4d >0 by IHC
on paraffin sections)
2 g=0, ptc =0, cg =0 (by light microscopy and by EM if available), v = 0; no TMA, no peritubular capillary
basement membrane multilayenng, no acute tubular injury {in the absence of another apparent cause for this)
3 No acute cellFmediated rejection (Banff 1997 type 1A or greater) or borderline changes
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Figure 1: (A} Transplant glomeru-
lopathy with numerous double
contours (arrows] in glomerular
basement membranes and a mod-
erate increase in mesangial matrix
lperiodic  acid-Schiff, original
magnification x600). (B} Trans-
plant glomerulopathy by electron
microscopy: There is electron lucant
widening of the subendothelial space
and formation of subandothalial
new basament membrane layers
arrowheads) (Uranyl acetate-lead
citrate, onginal magnification, x8000).
(C) Peritubular capillary basemant
mambrana multilayearing with up to
nine layers (arrows) (Electron mi
croscopy, Uranyl acetatedead citrate,
onginal magnification, x3500). (D)
Diffusa CAd positivity in peritubular
capillares {Immunofluorascence,
Cy™2, ariginal magnification x400).

1746 Amenican Joumal of Transplantation 2007; 7: 1743-1752



Figura 2: The ultrastructural
changes of peritubular capil-
lary endothelium in transplant
glomarulopathy biapsies, includ-
ing (A) luminal microvilli formation
{arrows), apoptotic bodies (in-
sert], (B} cytoplasmic swelling,
loss of fenestrations and partial
detachment from the basement
membrane (arrow), (C) high
endothelial wenule-like change
with thickened endothelium and
iD) aggregation of mononuclear
inflammatory cells with adhesion
to nonfenestrated endothelium.
Some of the luminal inflammatony
cells are nacrotic. Mote the accompa-
nying basament membrane splitting
and mulilayaring  (arrowheads)
(Urarmyl acetate-lead citrate, original
magnification, A: x3500, B=D: x4000).

Amencan Journal of Transplantation 2007; 7: 1743=-1752 1747



Chronic active antibody-mediated rejection
(Banff category 2), Banff 2015

Chronic active ABMR®  All three features must be present for diagnosis. As with acute/active ABMR, biopsies showing histological
features plus evidence of current/recent antibody interaction with vascular endothelium or DSA, but not
both, may be designated as suspicious, and it should be noted if the lesion is Cdd-positive or C4d-
negative, based on the criteria listed:

|1 Histologic evidence of chronic tissue Injury. including one or more of the following: |
e 1[G (cg =0), if no evidence of chronic thrombotic microangiopathy; includes changes evident by EM
only (cgla; Table 4)
Severe peritubular capillary basement membrane multilayering (requires EM)?
Arterial intimal fibrosis of new onset, excluding other causes; leukocytes within the sclerotic intima
tavor chronic ABMR if there is no prior history of biopsy-proven TCMR with arterial involvement but

are not reguired

v

2 Evidence of current/recent antibody interaction with vascular endothelium, including at least one of the
following:

e Linear Cdd staining in peritubular capillaries (C4d2 or C4d3 by IF on frozen sections, or C4d =0 by
IHC on paraffin sections)
e At least moderate microvascular inflammation ([g + ptc] =2), although in the presence of acute
TCMR, borderline infiltrate, or infection, ptc =2 alone is not sufficient and g must be =1
e |Increased expression of gene transcrpts in the biopsy tissue indicative of endothelial injury, it thor-
oughly validated
3 Serologic evidence of DSAs (HLA or other antigens):
e LBiopsies suspicious tor ABVMH on the basis of meeting criteria 1 and 2 should prompt expedited
D5SA testing
C4d staining without All three features must be present for diagnosis®
evidence of rejection 1 Linear C4d staining in peritubular capillaries (C4d2 or C4d3 by IF on frozen sections, or Cd4d >0 by IHC
on paraffin sections)
2 g=0, ptc =0, cg =0 (by light microscopy and by EM if available), v = 0; no TMA, no peritubular capillary
basement membrane multilayenng, no acute tubular injury {in the absence of another apparent cause for this)
3 No acute cellFmediated rejection (Banff 1997 type 1A or greater) or borderline changes
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Chronic active antibody-mediated rejection
(Banff category 2), Banff 2015

Chronic active ABMR®  All three features must be present for diagnosis. As with acute/active ABMR, biopsies showing histological
features plus evidence of current/recent antibody interaction with vascular endothelium or DSA, but not
both, may be designated as suspicious, and it should be noted if the lesion is Cdd-positive or C4d-
negative, based on the criteria listed:

|1 Histologic evidence of chronic tissue Injury. including one or more of the following: |
e 1[G (cg =0), if no evidence of chronic thrombotic microangiopathy; includes changes evident by EM
only (cgla; Table 4)
Severe peritubular capillary basement membrane multilayering (requires EM)?
Arterial intimal fibrosis of new onset, excluding other causes; leukocytes within the sclerotic intima
tavor chronic ABMR if there is no prior history of biopsy-proven TCMR with arterial involvement but

are not reguired

2 Evidence of current/recent antibody interaction with vascular endothelium, including at least one of the
following:

e Linear Cdd staining in peritubular capillaries (C4d2 or C4d3 by IF on frozen sections, or C4d =0 by
IHC on paraffin sections)
e At least moderate microvascular inflammation ([g + ptc] =2), although in the presence of acute
TCMR, borderline infiltrate, or infection, ptc =2 alone is not sufficient and g must be =1
e |Increased expression of gene transcrpts in the biopsy tissue indicative of endothelial injury, it thor-
oughly validated
3 Serologic evidence of DSAs (HLA or other antigens):
e LBiopsies suspicious tor ABVMH on the basis of meeting criteria 1 and 2 should prompt expedited
D5SA testing
C4d staining without All three features must be present for diagnosis®
evidence of rejection 1 Linear C4d staining in peritubular capillaries (C4d2 or C4d3 by IF on frozen sections, or Cd4d >0 by IHC
on paraffin sections)
2 g=0, ptc =0, cg =0 (by light microscopy and by EM if available), v = 0; no TMA, no peritubular capillary
basement membrane multilayenng, no acute tubular injury {in the absence of another apparent cause for this)
3 No acute cellFmediated rejection (Banff 1997 type 1A or greater) or borderline changes
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Endothelial-
associated

Endothelial transcripts uncover a previously unknown phenotype:

C4d-negative antibody-mediated rejection
Banu Sis®® and Philip F. Halloran®®
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Current Opinion in Organ Transplantation 2010,
15:42 =48

Purpose of review

In the last decade, there has been a growing recognition of alloantibody responses in
organ transplantation, but phenotypes related to antibody-mediated rejection (ABMR)
remain incomplately defined. This article reviews recent molecular studies in kidnay
allograft tissues that decipher molecular burden and mechanisms of ABMR, leading to
discovery of a new phenotype: 'C4d-negative ABMR'.

Recent findings

High endothelial gene expression in kidney transplant biopsies with anti-human
leukocyte antigen alloantibody indicates active antibody-mediated damage and poor
graft survival, defining a previously unknown group of C4d-negative ABMR. C4d-
negative ABMR is characterized by high intragraft endothelial gene expression,

alloantibedies, histology of chronic ABMR (less frequently acute ABMR), and poor
outcomes. Thus, endothelial molecular phenotype in biopsies with circulating antibody
detects degree of active graft injury, and many of these transcripts reflect endothelial
activation. C4d-negative ABMR is twice as common as C4d-positive ABMR.
Recognition of this new phenotype reveals ABMR (C4d positive or negative) as the
most common cause of late kidney transplant loss.

Summary

C4d staining, although very useful, is insensitive for detecting ABMR. Measuring
endothelial gene exprassion in biopsies from kidneys with alloantibody is a sensitive and
specific method to diagnosea ABMR and pradict graft outcomes.

transcripts
(ENDATS)

Keywords
antibody-mediated rejection, C4d, donor-specific antibody, endothelial gene
@xpression, microarrays

Curr Opin Organ Tranaplant 15:42=48
L L'EIG Wallers Kluwer Health | Lippincott Willams & Wilkins
i 2410

“ The expression of von Willebrand factor (vWF), endothelin 1 (EDN1), caveolin
1 (CAV1), cadherin 5 (CDH5), cadherin 13 (CDH13), palmdelphin (PALMD),
platelet-endothelial cell adhesion molecule-1 (PECAM1), selectin E (SELE), FY
(Duffy blood group),ras homolog gene family, member J (RHOJ), sex
determining region Y-box 7 (SOX7), sex determining region Y-box 18 (SOX18),
thrombomodulin (THBD), and MALL (MALL, T-cell differentiation protein-like, also
known as BENE; interacts with CAV1)

was higher in ABMR than in TCMR biopsies. The increased expression of
endothelial genes in ABMR with microarrays was confirmed by real-time-PCR.”



T cell mediated rejection:

T cell effector mechanisms
“Top molecules”: e.q. granzyme, perforin, etc.
v-interferon efiects ‘ ’

“Top molecules”: e.q.CXCL9, 10, 11, etc.
Effector/finflammatory cell recruitment

“Top molecules”: e.qg. CCL5, PSMB9Y, etc.

Antibody-mediated rejection:

Molecular lesions / phenotype

Endothelial activation

“Top molecules”: e.g. vWF, CD31, CDHS, ete. = 3

] S &
N LB TELT UILITeEn.

“Top molecules”: e.q. CX3CR1, MYBL1, etc.

Boadl e oo = BF o op
inndimimauon

“Top molecules”: e.g. granulysin, CXCLS, 10, 11, etc.

Banff 2015 Kidney Meeting Report
American Journal of Transplantation 2017; 17: 28—41



Chronic active antibody-mediated rejection
(Banff category 2), Banff 2015

Chronic active ABMR®  All three features must be present for diagnosis. As with acute/active ABMR, biopsies showing histological
features plus evidence of current/recent antibody interaction with vascular endothelium or DSA, but not
both, may be designated as suspicious, and it should be noted if the lesion is Cdd-positive or C4d-
negative, based on the criteria listed:

|1 Histologic evidence of chronic tissue Injury. including one or more of the following: |
e 1[G (cg =0), if no evidence of chronic thrombotic microangiopathy; includes changes evident by EM
only (cgla; Table 4)
Severe peritubular capillary basement membrane multilayering (requires EM)?
Arterial intimal fibrosis of new onset, excluding other causes; leukocytes within the sclerotic intima
tavor chronic ABMR if there is no prior history of biopsy-proven TCMR with arterial involvement but

are not reguired

2 Evidence of current/recent antibody interaction with vascular endothelium, including at least one of the
following:

e Linear Cdd staining in peritubular capillaries (C4d2 or C4d3 by IF on frozen sections, or C4d =0 by
IHC on paraffin sections)
e At least moderate microvascular inflammation ([g + ptc] =2), although in the presence of acute
TCMR, borderline infiltrate, or infection, ptc =2 alone is not sufficient and g must be =1
e |Increased expression of gene transcrpts in the biopsy tissue indicative of endothelial injury, it thor-
oughly validated
3 Serologic evidence of DSAs (HLA or other antigens):
e LBiopsies suspicious tor ABVMH on the basis of meeting criteria 1 and 2 should prompt expedited
D5SA testing
C4d staining without All three features must be present for diagnosis®
evidence of rejection 1 Linear C4d staining in peritubular capillaries (C4d2 or C4d3 by IF on frozen sections, or Cd4d >0 by IHC
on paraffin sections)
2 g=0, ptc =0, cg =0 (by light microscopy and by EM if available), v = 0; no TMA, no peritubular capillary
basement membrane multilayenng, no acute tubular injury {in the absence of another apparent cause for this)
3 No acute cellFmediated rejection (Banff 1997 type 1A or greater) or borderline changes

A 4



AIA©OPIKH AIATNQ2H 2TTEIPAMATIKQN
ANNOIQZEQN

o METAUOOXEUTIKN OTTEIPAPATOTTABEIO (XPOVIA
XUMIKN atroppiyn)

o XpOVIa TOCIKOTNTA QVAOTOAEWV KAACIVEUPIVNG
(calcineurin inhibitor glomerulopathy)

 MeuPBpavouTrEPTTAAOTIKN OTTEIPAUATOVEPPITION



2TTEIPAUATOTTADEIO AOYW XPOVIOC TOCIKOTNTAG
avaoToAEwV KaAaiveupivng (Calcineurin inhibitor
glomerulopathy)

o ATTOTEAEONA TTAPATETAPEVNG N ETTAVAAAPBAVONEVNC
evooBnAiaknc BAGRNC

« AlgUpuvaon Tou UTTeEVO0BNAIOKOU XWPEOU KAl OXNMATIOHMOC
uTTEVO0ONAIOKNG VEQC NEPNBPAVNGC— avadITTAQCIACWOI
BACIKWV PHEUBPAVWY —TUTTIKA €ival EOTIOKOI Kl
TMNMUATIKOI

« Algupuvon yeoayyeiou AOyw augnong TG MEoayyeEiou
ouaiac.












Isometric vacuolization due to
CNI toxicity

Non isometric vacuolization
due to acute tubular inury




AIAOOPIKH AIAI'NQ2H

* MeuBpavouTrepTTAAOTIKN
OTTEIPAUATOVEPPITION

— EvTovn au¢non TNG OTTEIPAMATIKAG
KUTTAPORPIOEIag,UuTTEPTTAACTIKEC OAAOIWOEIC

— ‘EvToveC evattoBE£0EIC AVOOOOUMUTTIAEYUATWY
— 2.UXVQA eVEPYO I(Nua oUpwV
— MelwpEVo ouuTTANPWUA OTOV 0PO
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2UVOAIKN PAEyuOVI
Total inflammation (ti)

PAeypovr) o€ IVOTTOINPEVO KAl JN IVOTTOINUEVO
OIAUECO UTTOOTPWHA TNS PAOILWOOUC U0IpPaC

ti0: <10% 1TNC PAoIWOOUC poipac
ti1: 10-25%
ti2: 26-50%
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DAeypovn o€ £5a@p0og iviwong Kal aTpo@iag
I-IFTA score

* i-IFTAO : amroucia @Aeypovig 1 <10% TnG Ivotroinuévng @Aoiwdoug
Hoipag

* i-IFTA1: 10-25%

* I-IFTA2: 26-50%

* i-IFTA3: >50%

Interstitial fibrosis and tubular atrophy (IFTA) in IFTA with inflammation
renal allografts

M. Mengel




Scoring inflammation in renal allograft biopsies

100% Cortex
A
‘o nodular ——— N
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40% non-scarred 60% IFTA compartment

compartment

absolute scoring

relative scoring

according to
current Banff
rules

M. Mengel



BANFF SCORING CATEGORIES FOR CHRONIC CHANGES

Interstitial fibrosis ¢i0 cif ci2
% of cortex <5% 6%-25% 26%-50%
Tubular atrophy ct0 ctl ct2
% of cortex 0 <25% 26%-50%
Allograft glomerulopathy cg0 cgl cg2
% of peripheral capillaries with <10% 10%-25% 26%-50%
double contours®
Mesangial matrix increase® mm0 mm1 mm2
% of glomeruli 0 <25% 26%~50%
Arterial fibrointimal thickening® o0 cvl cv2
% narrowing of luminal area most 0 <25% 26%-50%
severely affected artery
Arteriolar hyalinosis* ah0 ah1 ah2
Number of arterioles with hyaline 0 1 >1

Noncircumferential Noncircumferential

cid
>50%

ct3
>50%

cg3
=>50%

mm3

>50%

cv3
>50%

ah3
>1
Circumferential

“In most severely affected glomerulus,

*Defined as mesangial increase that exceeds two mesangial cells in width between two adjacent

capillaries in at least two glomerular lobules.

“Note if lesions characteristic of chronic rejection are present (inflammatory cells in intima, formation of
neointima without elastosis, foam cells, or breaks in the internal elastica).
“Based on the system of Mihatsch, which was found to be more reproducible than the original Banff (mild,

moderate, severe) (see Table 28.14), Peripheral nodules should be noted by an asterisk.




Post-transplant membranous glomerulonephritis

as a manifestation of chronic antibody-mediated rejection
Hyeon Joo Jeong
Florence 2009

De novo membranous nephropathy associated with donor-specific alloantibody
M_ El Kossi_ 2007;Clinical Transplantation - Wiley InterScience




Category 6:
Other changes not considered to be caused by acute or chronic rejection

BK virus nephropathy

Posttransplant lymphoproliferative disorders

Calcineurin inhibitor nephrotoxicity

Acute tubular injury

Recurrent disease

De novo glomerulopathy (other than transplant glomerulopathy)
Pyelonephritis

Drug-induced interstitial nephritis



YIMOTPOTIH MNPQTOMNAGOY2 NO2OY

O1 ouXVOTEPEC:

 FSGS (20-30%)
 IgA-veppotTaBe1a(25%)
« MPGN (25%)
 DDD(80%)

* MeuPBpavwodnc (30%)
* Avoootrevikn (15-20%)
« HUS(10-60%)

« SEL(30%)



Recurrence of nephrotic syndrome after transplantation in a mixed

population of children and adults: course of glomerular lesions and
value of the Columbia classification of histological variants of focal
and segmental glomerulosclerosis (FSGS)

Guillaume Canaud
Nephrol Dial Transplant (2009)

77 patients with INS and FSGS on native kidneysunderwent renal transplantation.
Of these, 42 recipients experienced recurrence of nephrotic range proteinuria.

At time of recurrence, minimal-change disease (MCD) was the
main histological feature.

On serial biopsies, the incidence of MCD decreased over time, while
the incidence of FSGS variants increased. The variant type observed
in the native kidneys was not predictive of either recurrence or type of
FSGS seen on the allograft. Patients with complete and sustained
remission did not developed FSGS.



FSGS variants on native kidneys of patients affected with recurrence:

Guillaume Canaud et al

Summary of the different patterns of FSGS
variant observed on a

native kidney of patients with recurrence of
proteinuria in the nephrotic

range, and variant observed on a
transplant kidney.



2UUTTEQAOUATA

* H ve@pikn Bloyia atroTeAel TNV avwTePN PEXPI OTIYHNG
HeB0OO dlayvwaNg TNG OUCAEITOUPYIAG TOU HOOXEUUATOG
KQI TO ONUAVTIKOTEPO KPITAPIO ANWNG BEpATTEUTIKWYV
ATTOPACEWV

* To « n/n»otn dlagopikn O1AyvVwWon TwV aAAOIWOEWY
TWV JETAPNOOXEUPEVWV VEQPWYV OUXVA Eival «Kal/KaI»

* H €ykaipn OIAyvVWan TwV ETTEICOOIWV ATTOPPIYNG

QTTOTEAEI ONUAVTIKOTATO TTAPAYOVTA AVTATTOKPIONG OTN
Oepartreia

Biowieg TTpwWTOKOAAOU: BloYieg € TTpOKABOpIoUEVA XPOVIKA
QIO TNMATA AVECAPTNTWGS VEPPIKNG OUCAEITOUPYIAC

(€ykaipn Slayvwaon — OlaXwPIoUOS aAAOIWOEWY 00TN-

ANTITN, KATAVONON MNXAVIONWV)



 Itis now recognised that the majority of late graft losses
have specific causes most of which seem to be related
to glomerular pathology either in the form of recurrent
glomerulonephritis or in the form of transplant
glomerupathy, the last carrying the worst prognosis.

* When microcirculation lesions and HLA antibody were
used to define ABMR, 63% of late kidney failures were
attributable to antibody mediated microcirculation injury;
many were C4d negative, suggesting that detection of
this phenotype requires new diagnostic criteria.






