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Genetic structure of HLA system on chromosome 6
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Structure of HLA class | and class i

molecules
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What are the factors determining long-

term allograft survival?

A good control of alloimmune

responses mediated by T-cells and B-

cells



» T-cells Induce organ damage through
cytotoxicity (CD8 + cells)

» B-cells Iinduce organ damage through
inducing synthesis of donor-specific
alloantibodies (anti-HLA)

> NK-cells induce organ damage through
ADCC



T-helper cells will activate B-cells
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Can we predict whether an organ will be

(immediately) rejected?
YES thanks to the cross-match




Paul Terasaki- Inventor of the Crossmatch

The pres-
ence of preformed cytotoxic antibodies against the
donor appears to be a strong contraindication for
transplantation.

The New Englakd
Journal of Medixine

Copyright, 1969, by the Massachusetts Medical Society
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APRIL 3, 1969 \ Number 14

SIGNIFICANCE OF THE POSITIVE CROSSMATCH TEST IN\KIDNEY
TRANSPLANTATION*
Ramon PaTeL, M.R.C.P., AnD PauL 1. TERASAKI, PH.D.

Abstract Crossmatch tests of the prospective
kidney-transplant donor's lymphocytes with the
serum of the prospective recipient in 225 trans-
plants showed that eight of 195 with negative cross-
match failed to function immediately, in contrast to
24 of 30 with positive crossmatch (p less than
0.001). Immediate failure occurred in significantly
higher numbers among patients with a higher risk
of having antibodies, such as multiparous females
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and patients receiving secondary\transplants. The
effect was not a nonspecific one, f&¢ more immedi-
ate failures occurred among transpl
lated than among those from relate
corresponding frequency of positiv
was also lower among related donors. The pres-
ence of preformed cytotoxic antibodies against the
donor appears to be a strong contraindication for
transplantation.




HLA sytem and organ transplantation

Very last test before transplantation :
the CROSS-MATCH

Performed 24 hours a day, 7 days a week
Rationale : to check within the recipient the ABSENCE of

circulating complement-binding donor-specific alloantibody (ies)

Donor serums
+ donor cells (lymphocytes or splenocytes)

+ Complement
+ Dyes

Transplant:
forbidden

Transplant:
OK




Anti-HLA alloantibodies

* Are ONLY present after a sensitization event:
* preghancies/miscarriages
* blood transfusions (platelets; red blood cells)
* previous transplantation

* They have to be detected by a very sensitive technic

* currently it should be assessed by Luminex technology
(OneLambda or Immucor). Results are expressed in mean fluoresence
intensity (MFI)

* CDC tests only detect complement-binding anti-HLA antibodies

* Elisa tests are not sensitive enough
* When they are positive they might be directed against a potential
donor = donor-specific alloantibody (DSA)

*  When they are positive for a given donor the cross-match has to be
perform by CDC but also by flow cytometry (more sesitive)

« Should flow cross-match be positive it implies pretransplant
desensitization

-10-



HLA and organ transplantation

The cross-match : an example
Waitlisted women kidney transplant candidate,
HLA type-Al, 3; B7, ... DR3, 4
She has had 3 pregnancies but no previous blood transfusions
Pretransplant anti-HLA alloantibodies were assessed every 6 months: she
was sensitized against -HLA-A2, A24 and DR11 (i.e. cPRA is at 65%)

How was the patient sensitized?

Deceased kidney transplant proposal: HLA-A1, 28; B7, 8; DR4,..

What do we decide

Conclusion : the cross match is negative;
kidney transplant is possible
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Crossmatch, panel reactive alloantibodies (PRA)

and anti-HLA antibodies

Complement dependent cytotoxicity (CDC)
AHG - CDC

¥4

CELL BASED
CYTOTOXICITY

FACS

Flow Cytometry

CELL BASED
ASSAY
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Luminex/ELISA
Flow Solid Phase

# cells

Fluorescence

BEAD
ASSAY

Tinckam KJ and Chandraker A. CJASN 1: 404, 2006

Antibody to human
immunoglobulin
with conjugate
fiuorescent dye.

Complement
" proteins




cPRA in 2023

PRA = panel reactive alloantobodies, i.e. anti-HLA alloantibodies against
a given panel of HLA antigens (which varies according to world areas)

* these antigens represent the MOST frequent HLA antigens in
a given population, i.e. the antigens contributing to PRA panel are
different in Western Europe vs. Middle East vs. China vs. America etc...
* PRA was derived from Elisa test

In 2023 we use calculated PRA (cPRA), i.e. the result is given based on
the Luminex single bead test

In 2023 in the setting of living transplantation we do NOT care about

cPRAIl What ONLY counts is the presence OR absence of donor-
specific alloantibody (ies) = DSA

cPRA only gives you an idea of the magnitude of HLA

sensitization



The LUMINEX technology

Multianalytical system including a flow cytometer and a
constellation of microspheres

Luminex sp

- Luminex?*9°?
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Luminex technology




Luminex beads

Every single bead is covered by a SINGLE HLA antigen

100 Color-codes =
100 Simultaneous Tests

Using this method, over 100 distinct
microsphere sets can be created.
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Second Laser

One Laser Excites ) )
Excites Microsphere

Molecular Tags

Détection par deux lasers
différents:

- Le laser discrimine
les différents jeux de billes.

-Le laser vert quantifie la
fluorescence emise par la

4
mOIECUIE Fluorescent intensity of the microsphere

Reactions are measured with fluorescent "
identifies the reaction.

intensity and reported in real time.

Red laser discriminates the beads; green laser quantifies fluorescence emitted by the molecule
A17-



Luminex- Single Antigen Technology

Anti-HLA alloantibodies

A

HLA antigen

Plastic bead P
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Luminex- Single Antigen Technology

HLA antige

LASER
Plastic bead

Antibody with fluorochrome
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Identification of anti-HLA alloantibodies

Principe du dépistage et d’identification
des Ac anti HLA:

- utilise un panel de microbilles
colorées recouvertes d’'antigenes

HLA classe I ou II, permet
de détecter la présence
d’AC anti HLA spécifique
IgG et d'identifier les
spécificités.
Screening and anti-HLA alloantibody identification: based on a panel of colored

microspheres coated with HLA class | or class |l antigens. This allows to detect the
presence of anti-HLA specific Igg and to identify the specificities.




Limits and confusion around Luminex

technology

Luminex is an in vitro technology: it coes not give
iInformation on the pathogenic nature of the antibody

Antibodies are pos/neg; if pos, MFI evaluation

It confirms the presence, even at low concentrations, of
specific anti-HLA ab in the patient’s serum

It may give alse positive and false negalive resulis that
may condition access to transplantation if virtual
crossmatch is performed.

-21-



Luminex : what is MFI?

How do we interpret MFI?

 Mean Fluorescence Intensity is the result of many factors:

 Ab concentration in the serum
* Ab affinity

MFI does not mean Antibody
strengthlil

-22-
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MFI follow-up (2) after desensitization

IA + Monet + Rituximab + IS

IA + Monet w/o Rituximab and w/o IS KTx
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Prozone effect: how to get rid of it

« Too much antibody is present in the serum and interferes
with the detection system.

« Too much antibody is present and complement and/or IgM
present in the serum interferes with the detection system.

To prevent this phenomenon a few methods are useful:
« Heat inactivation (56° for 30’)
* Dilution of patient serum

 Use of EDTA or DTT in order to destroy complement
bonds

-31-



Anti-HLA ab detection: considerations

 Excellent instruments to detect anti-HLA ab

— Lymphocytotoxicity-complement dependent test (LCT): assays to
determine in vivo cytotoxicity of the antibodies

* Low sensitivity, but inexpensive and will allow to avoid hyperacute
rejection

— Luminex Single Antigen assay: to detect and identify all circulating
HLA antibodies

« Extremely sensitive, expensive, needs a good lab with experience

« Will allow to determine whether patient is at risk for antibody-mediated
rejection

-32-



cPRA vs. DSA




Donor Specificity but Not Broadness of Sensitization

Is Associated With Antibody-Mediated Rejection and
Graft Loss in Renal Allograft Recipients (1)

« Single center study (Basel, Switzerland); 527 KTx patients
« calculated PRA (c PRA) at pretransplant:

» cPRA 0% (n=250) ; cPRA 1-50% (n=124) ; 51-100% (n=43)
and DSA (n=105)

* |n the absence of DSA = standard risk = |S = basiliximab, Tac, MPA
and steroids (for 3 months posttransplant)

* In the presence of DSA: ATG induction + IVIg (2 g/kg) + Tac +MPA +
steroids

« Surveillance kidney biopsies = M3 and M6
« Median follow-up = 5.7 years

-34- Wehmeier C. etal. AJT 2017; 17: 2092-2102



Donor Specificity but Not Broadness of Sensitization

Is Associated With Antibody-Mediated Rejection and

Graft Loss In

Renal Allograft Recipients (2)

Distribution of calculated population-reactive antibody values among the 527

patients.
1O
I = e e e T L e e T ST
-4 - c P RS [last
P RA peak
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Donor Specificity but Not Broadness of Sensitization Is

Associated With Antibody-Mediated Rejection and
Graft Loss in Renal Allograft Recipients (3

A Incidence of ABMR B Incidence of TCMR
100%% 1003
overall p<0.0001 overall p<0.0001
Bl Bl
only cPRA groups: p=0.16 only cPRA groups: p=0.75
Bl

Probability

Months post-transplant Months post-transplant

= cPRA 0% (n=250)

== cPRA 1-50% (n=129)

= cPRA 51-100% (n=43)

= pre-transplant DSA (n=105)

Major outcomes among the cPRA and the DSA groups. (A) Incidence of ABMR; (B) incidence of TCMR,;
antibody; DSA, donor-specific antibody; ABMR, antibody-mediated rejection; TCMR, T cell-mediated rejection.

-36- Wehmeier C. et al., AJT 2017;17:2092-2102.



Donor Specificity but Not Broadness of Sensitization Is

Associated With Antibody-Mediated Rejection and

- Death-censored graft survival D Graft survival
105
B -
B0
Percent
surviving
A0%
only cPRA groups: p=0.28 only cPRA groups: p=0.92
20% 20%
overall p=0.0005 overall p=0.002
1 1 1 1 1 1 1 1 D‘H 1 1 1 1 1 1 1 1
o 2 4 & a8 10 o 2 S & 8 10
o Years post-transplant v Years post-transplant
_— 250 2I8 184 140 a7 6 _— 250 228 184 140 a7 26
e 2 113 79 52 259 11 Lt 2 113 Fi 52 29 11
43 el 25 18 11 5 - 43 .t 25 18 11 5
— 105 2 57 40 20 4 s 105 k2 ] 37 40 210 4

donor-specific antibody; ABMR, antibody-mediated rejection; TCMR, T cell-mediated rejection
Wehmeier C. et al., AJT 2017;17:2092-2102.
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« cPRA 0% (n=250)
= cPRA 1-50% (n=129)
= cPRA 51-100% (n=43)

== pre-transplant DSA (n=105)
Major outcomes among the cPRA and the DSA groups. (C) deathcensored graft survival; (D) graft survival.

The gray shades in (A) and (B) represent the time frames, in which surveillance biopsies were performed. Borderline
changes were included in the calculation of the incidence of TCMR. cPRA, calculated population-reactive antibody; DSA,



Immunological work-up pretransplant

Male patient, never transfused, 1st transplant candidate:

« ZERO immunological risk; NO work-up

Transfused patient; women patient

INTERMEDIATE immunological risk

* Assess HLA sensitization with Luminex; Flow cytometry cross-match
Patient with preformed DSA : HIGH immunological risk

* Low level DSA (=low MFI < 3000) kidney transplant is possible provided
pretransplant rituximab infusion

« DSA > 3000 : pretransplant desensitization is needed
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Patients at high immunological risk (DSA=0)

Female patients with pregnancies and PRA >0

» when the potential donor is the husband or one of the offsprings or a
deceased donor

Retransplant patients and PRA> 0

Polytransfused patients with WBC-containing red packed cells and PRA
>0

In these settings the risk of ACR and / or AAMR

IS high : this implies pretransplant Luminex test and PRA

PRA < 50%: ATG low dose + Rituximab + Tacrolimus +
MPA + Steroids.

PRA > 50%: ATG high dose + Rituximab + Tacrolimus +
MPA + Steroids.
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Patients at intermediate immunological risk

(DSA=0)

Female patients with previous pregnancies with PRA =0

» when the potential donor is the husband or one of the offsprings or
a deceased donor

Retransplant patients with PRA=0

Polytransfused patients with WBC-containing red packed cells with
PRA=0

In these settings the risk of ACR and / or AAMR

iIs moderate : this implies pretransplant Luminex test and PRA

IS: low ATG + Tacrolimus + MPA + Steroids.
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Patients at low Immunological risk

(DSA=0; PRA=0)

First kidney transplant

No history of blood transfusions

Female patients without pregnancy

Living (un)related or deceased donor

» In these settings the risk of ACR is low and the risk of AAMR is
almost nil

» Induction therapy with Basiliximab OR no induction

» Maintenance therapy ; CNI + MPA + Steroids OR

low CNIs (CsA or Tac)+ low Everolimus + Steroids
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HLA fully matched patients

(DSA=0; PRA=0 or > 0)

« Start immmunosuppression 8-10 days pretransplant

» Tacrolimus (trough levels : 6-8 ng/mL) plus MMF (500 mg bid) plus
prednison (0.5 mg/kg/day)

» NO induction therapy
» Post-transplant :

v" Tacrolimus trough levels :6-8 ng/mL

v MMF : 1 g bid 2 weeks than 500 mg big

v" Prednison

« Perform kidney allograft biopsy at Month 3 post-transplant : if normal
consider weaning-off tacrolimus over a period of 3 months
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Post-transplant anti-HLA monitoring

e ltis advised to monitor anti-HLA alloantibodies at 3 and 12 months
post-transplant and then every other year

Should a de novo DSA appear this might lead to perform a kidney transplant
biopsy and to reinforce immunosuppression

Rituximab injection could be done (a single injection of 1 gr)

- Beyond the first year post-transplantation anti-HLA alloantibodies
should be monitored yearly
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In case of suspected ACUTE antibody-mediated

rejection

It means EARLY onset at post-transplantation (days or weeks)
Drop in urine output

Suddeen rise in serum creatinine

After checking for patency of vessels and ureter
Make a kidney biopsy
Perform CDC cross-match (or better flow cross match) in order to detect DSA)

If available perform Luminex test (de novo DSA or rebound DSA)

* Treatment relies on plasmapheresis and Rituximab +/- IVIG
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Thank you for your attention




