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Objectives

« HLA gene, structure, nomenclature
« Methods of antibody detection and their limitations
« Application: cPRA, virtual crossmatch

« DSA risk stratification



Part I. HLA Gene, Structure, Nomenclature
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HLA (Human Leukocyte Antigen)
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HLA Structure
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HLA Polymorphism

Number of alleles
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HLA-A
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Current nomenclature of HLA

Hyphen used to separate Suffix used to denote
gene name from HLA prefix changes in expression
Separator [ Fleld Separators

HLA-A*02:101:01:02N

|

HLA Prefix < : Gene Field 4; used to show
L differences in a
Field 1; allele group | non-coding region
Fleld 2; specific HLA protein

Field 3; used to show a synonymous DNA
substitution within the coding region
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HLA Typing Resolution

HLA antigens can be defined under different resolutions

Useful for determination of allele-specific DSA

Useful for epitope analysis/matching

Exon 2

A 1 }+-+-+(1

-» e

Resolution

Low-Resolution
(antigen)

Intermediate
Resolution

High-Resolution

Exon 3

BN peidiall 11 (1] =

AR

Example

B35

B*35:XTNJ

B*35:01

e e a0 T R o LR

XTNJ=01/09/11/27/28

Cost

S150/locus

S150/locus

S$300/locus



Part Il. Methods of Antibody Detection

1. Complement-dependent cytotoxicity (CDC)
2. Flow cytometric crossmatch

3. Single-antigen bead (SAB) assay
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“If | have seen further, it is by standing on the shoulders of giants”

- Issac Newton, 1675



Famous Twins




First successful human kidney transplantation

-1 | 1.

- December 23, 1954, Brigham and Women'’s Hospital



Stagnant outcomes: Imuran + steroids
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How to Overcome Hyperacute Rejection



HLA Antibody Detection: CDC crossmatch (cell-based)

CDC Crossmatch

Patient Serum
s

l

Donor Lymphocyte Cells

+ Complement

A -.?r

Paul Terasaki

UCLA Medical School, CA, USA
b. 1929

Dead cells Live cells



ORIGINAL ARTICLE ARCHIVI

Significance of the Positive Crossmatch Test in Kidney
Transplantation

Ramon Patel, M.R.C.P., and Paul |. Terasaki, Ph.D.
N Engl J Med 1969; 280:735-739 |Apr1l 3, 1969 | DOI: 10.1056/NEJM196904032801401

_ = C

No rejection 6 187

Rejection 24 (80%) * 8 (4%) * p<0.001




HLA Antibody Detection: Flow crossmatch (cell-based)

Patient Serum
F’\M_/\A_.

Anti-Ig6-FITC

Counts

24164 CADR1,2.001

FL1 GG FITC
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HLA Antibody Detection: Flow crossmatch (cell-based)

Patient Serum
F’\M_/\A_.

Al

Anti-Ig6-FITC

HLA Antibody

24164 CADR1,2.001

il

Counts

FL1 GG FITC
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Interpretation of flow crossmatches

Table 3 Interpretation of Crossmatch result

Class | T-Cell B-Cell Class | & Il Interpretation
XM XM
—Ve —Ve No DSAb to HLA class | or Il OR

DSAD titre too low to cause positive reaction OR
(DSAb that is not complement-fixing — relevance unclear)

+ve +ve DSAb/s to HLA class | OR
Multiple DSAbs to HLA class | +/—
—ve +ve DSAb/s to HLA class Il OR
Low level DSADb/s to HLA class |
+ve —Ve Technical error (possibly related to B-cell viability).

The test should be repeated

+ve, positive; —ve, negative, DSAb: donor-specific anti-HLA antibody; HLA,
human leucocyte antigen, XM: crossmatch.

Mulley, Nephrology 16 (2011) 125-133



HLA Antibody Detection: single-antigen beads (solid phase)

Al

5.6 Microns
Al

Bead Set 26 |

Al

The bead is
impregnated
with the dye
mixture

Bead Set 21
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HLA Antibody Detection: single-antigen beads (solid phase)

4%, HLA Fusion™

Analyze Data Reports Data Sample PatientInfe Profile  LUtilities Help  Exit
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Question: What does it mean when a patient is
highly sensitized? What is cPRA?



cPRA (calculated panel of reactive antibody)

 cPRA = estimates the percentage of donors
In a given population who carry unacceptable

antigens for a recipient
[]
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T
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CPRA CALCULATOR

UNACCEPTABLE ANTIGENS
Check the antigens that are unacceptable.

Check all A unacceptable antigens:
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L heck all B unacceprable antigens:
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Check BW unacceptable antigen:
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cPRA calculator

CPRA CALCULATOR

UNACCEPTABLE ANTIGENS

DR:
DRW:

DQ:

= . cuv IO
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cPRA calculator

CPRA CALCULATOR
UNACCEPTABLE ANTIGENS

BW: Definition of unacceptable antigen is center-specific
€

DR:

R cPRA value is population-specific

DQ: \
N



Antigen frequency matters

@OO0CO0O0OO0OOOOO Patentl:
QD000 OO  Antbody: BYI
000000000
Q000000000 FRA=NIL
000000000 = 1%
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Antigen frequency matters

0000000000 i
B R R R R R G
BB R R e GRS G
0000000000 -
0000000000

Antibody: A2
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Antigen frequency matters

00000000 O® i
0000000000
0000000000
......‘... cPRA =99/100
0000000000 = 99%
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How can someone make so many antibodies?

* Mrs. MC

Cumulative Class | Antibody Specificities
A:24 80

B:35374649505152535662 7172757778
CwB 7910

Cumulative Class Il Antibody Specificities
DR:148910111213 141516 17 18 0103

DRw:51 52
DQ:5
DP36 1113
Cumulative Combined Calculated PRA
cPRA: 100% Last Date Calculated: 02-Feb-2015



Antibodies recognize epitopes




Antibodies form in cross-reactive group species (CREG)

10 CREG

: m— Strong Crossreactivity
BS5 7 mm— B 58 @ . CroSsrEQACHiVity
Inter-Locus
Crossreactivity E Broad Specificity

2 REG - . E CREG (Crossreactive Group)



Example of epitope spreading

HLA Antibody Investigation

Recipient Sera Test % Pos

02-May-2014 Luminex Class | IgG 16
PRA

02-May-2014 Luminex Class Il IgG 0
PRA

02-May-2014 Luminex Class | Single
Antigen

Case Comments
HLA antibody update for sample dated: 2 MAY 2014

No new Class | or Class Il specificities detected.
Clinical Comments

Reported Date Reported Comment
Cumulative Class | Antibody Specificities
A223

HLA Antibody Investigation

Recipient Sera Test % Pos
03-Aug-2015 Luminex Class | IgG Ab

Screen
03-Aug-2015 Luminex Class Il IgG

Ab Screen

Case Comments

ABO blood groupings performed by VYGH Blood Transfusion Services.

Transplanted: 15 SEP 2015

Clinical Comments
Reported Date Reported Comment

Cumulative Class | Antibody Specificities
A2 2368

| .
B5 7w B58 (17)

Inter-Locus
Crossreactivity




Solution for highly sensitized patients

......‘... Patient 3:
0000000000

2

ay, 0000000000

The Best Place on Earth . . . . . . ‘ . . . CPRA=99/IOO
0000000000 = 99%
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Solution for highly sensitized patients

i+l

Patient 3:

cPRA =99/100

= 99%
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A Solution for highly sensitized patients (HSP program)

------- Provwncialtermtonal boundary
Alberta Provnceteritory Scale
* Ottawa  Nationa! capaal 0 25 500
< Regina  Provncialtermionial capital 1
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Virtual crossmatch

Donor: Vancouver

Donor Typing

A
B
C

DR

DQ

2
58
7
17

26
27
1

?

— Compatible «—

Recipient: Toronto

4%, HLA Fusion™

Analyze Data Reports Data Sample PatientInfo Profile Utilities Help  Exit
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Redundant assays to prevent AMR

Sensitizing

event
l Flow XM
Day 0 Day 700
AR I AR E A EE RN
l T |
Antibody
Test?ng (SAB) Ab Testing Organ Offer
No Abs

Limitations of virtual crossmatch:

« Assume donor typing is correct
« Assume recipient antibody profile is correct
« Assume no new sensitizing events



Clinical Case:

- Recipient FE: 60 y.0. Female, cPRA = 99%
- Deceased donor offer from Ontario
- DCD Donor: 68 Male, terminal Cr 70

Cumulative Class | Antibody Specificities
A:3 25 26 29 31 33 34 66 68 69

B:48 55 57 58 61
Cumulative Class Il Antibody Specificities
DR:149 10 11 14 15 0103
DRw:51 53
DQ:25
DP:1 20

Cumulative Combined Calculated PRA
cPRA: 99% Last Date Calculated: 28-Jun-2016



Redundant assays to prevent AMR

Day 0 Day 700

A EEEEIEEEREEEZEREREY

Antibody T
Testing Ab Testing Organ Offer
No Abs

Limitations of virtual crossmatch:

« Assume donor typing is correct
« Assume recipient antibody profile is correct
« Assume no new sensitizing events
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Additional pitfalls: prozone effect
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Tambur, AJT, 2015
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Additional pitfalls: epitope pattern on beads

a-IgG a-Clq
" K Complement activation in vitro

interferes with 2° antibody binding

U
= 4 St
~ — g\‘}f"‘f.\.i 3

NS
Alternative T

pathway Sap 4 T‘ "
i
R

l EDTA

Visentin et al, Transplantation (2014) 98:625-631

- Slide courtesy Peter Nickerson

How to eliminate complement
Interference:

1. Serum dilution
2. EDTA

3.DTT

4. Heat



Additional pitfalls: epitope pattern on beads

" Donor B35(Bw6) MFI-1216 —
- Total Bw6 Bead MFI>20000 T

T SEEEEEEEE §

Bw 'I'3.‘333.‘-333@.‘3333333&03&533.“QOAS'h-""IO&O..

Higher ranked beads mostly share Bw6 epitope

Konvalinka, JASN, 2015




SAB Is a semi-quantitative assay

Not Licensed as a Quantitative Assay - Slide courtesy Peter Nickerson

%CV Comparison between HOP and SOP
(5 CTOT Core Laboratories)

150
0 g
_o_
100 o o 0
i : °
= 0
g ﬁ 6
= 50 ? i
== Y | -

SA1 SA2

R, I Lot 2 ASHI_PT |

Quantitative Assay FDA requires CV < 20% _
Reed et al,, AJT (2013) 13:1859-1870



Part Ill. DSA Risk Stratification
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DSA increase the risk of AMR

100
E m= Patients with HLA-DSA (n=67)
90 1 === Patients without HLA-DSA (n=26T)
80
P<0.0001
70 4
60
Frobability 50 - '
of AMR [%]
40 o T
30 1 Protocol Protocol
biopsies biopsies
20 - ps ps
10 - l l
H] i
B 100 200
Days posl-transplant

Amico et al, Transplantation « Volume 87, 2009



De Novo DSA associate with inferior long-term outcome

A

1.04

0.9+
0.8+

0.7+
o
0.5+

0.4+

denovoDSA ——
No de novo DSA ——

p<0.0001

0.3

0

|}

i | 1]
1 2 3 4

T
5

T
6

T
7

T
8

T
9

L) )

10 N

« 10-year graft survival is significantly reduced (44% vs 93%)

Wiebe, AJT 2012



Determinants of the pathogenicity of DSA

Epitope

pattern

Complement Class &

activation Locus

DSA

Preformed
vs. De Novo

Kinetics
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DSA consideration: inferior graft survival with de novo DSA

1.0

@J
2
%
@
Q
O «
A O
o
©
2
£
=
D 3
=
o
S

N

(=1

— Pre-existing DSA
— De novo DSA
24 Log-rank p<0.0001
0 1 2 3 4 5 6 7 8
Time Post-ABMR (Years)
N at Risk
Pre-existing DSA 103 95 87 74 61 49 32 17 1

De novo DSA 102 80 70 56 43 31 22 10 4 Aubert, JASN 2017



DSA consideration: de novo DSA are mainly class Il

Willicombe DeVos Palmer

Transplantation Kidney Int Transplantation
2012 2012 2002

Population Renal Renal Liver Heart Lung
De Novo 18.2% 18% 63% 33% 10%
DSA

(92/502) (62/347) (27/43) (57/173) (9/90)
DQ DSA 54.3% 53% 81% 72% 56%

(50/92) (33/62) (22/27) (41/57) (5/9)



Determinants of the pathogenicity of DSA

Epitope
pattern

Tit
Subclass Complement Class &

hwisBE  activation Locus
vidity

Glycosylation |
Antigen density

Preformed
vs. De Novo

Kinetics
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In vitro functional assessment of complement activation

MAC

_ Clq Assay C4d Assay C3d Assay

Complement

Purified exogenous Clq Normal human serum Normal human serum
source

Reagent Anti-C1q antibody Anti-C4d antibody Anti-C3d antibody

Figure 1. Schematic of the classical complement pathway. Different components in the pathway (C1q, C4d, C3d) are targeted in complement dependent assays to evaluate the complement-activating potential of HLA antibodies.

Lan J, et al. Transplantation 2017 (In Print)



Hypothesis: using complement activation to risk-stratify DSA

Hypothesis

Clinically sig

Complement

Non-complement
activation

Not sig

56



Complement binding assessment assays

Clq predictive of outcomes Clq not predictive of outcomes
Yabu et al, Transplantation 2011 Crespo et al, Transpl Immunol 2013 (Pre-Tx)
Loupy et al, NEJM, 2013 Otten et al, AJT, 2012 (Pre-Tx)
Freitas et al, Transplantation, 2013 Ginevri et al, AJT, 2012
Fichtner et al, Pediatr Nephrol 2016 Wiebe et al, AJT, 2016 (not sig in multivariate)

Bamoulid et al, Transplantation, 2016
Sicard et al, JASN, 2014 (C3d)
Comoli et al, AJT, 2016 (C3d)

Guidicelli et al, JASN, 2016 (C1q)
Lefaucheur et al, JASN, 2016 (IgG subclass)

Viglietti et al, JASN, 2016 (IgG3, C1q)
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Antibody concentration and complement activation

20000+

15000+

10000

p<0.001

317942629

10898 £ 5152
L

lgz‘

‘%

Highest DSA Mean Fluorescence Intensity
h
o
=
=
[l

Sicard et al, JASN, 2014

Peak IgG DSA MFI (x1000)

25+

204

15-

P<0.0001

|
3.3+3.0

|
13.3+5.8

C3d-

Lan et al, submitted

MFI Value

UBC
——
v b
24000 —
® AMR +
ode ©
- | O AMR - .!.
4
18000 ~ o
oo
.
12000 - ...
oo
0Qo
oo | W 8
0Q00 $e ©
- :l{. Oo ooo%
Clg- Clg+

Yell, Transplantation, 2015
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Manipulation of antibody concentration affects C1q positivity

UBC
Effects of nomalization of C1q + DSA MFI values to levels Effects of serum concentration on C1q-binding activit_;_c-)f
comparable C1q - on Luminex-C1q activity Ciqg-DSA
N MFI Luminex-Ciq Neat Concentrated

C1q + DSA 12 18,233 + 4268 + Sample MFI Luminex-C1q MFI Luminex-C1q
C1q + DSA-diluted 12 6784 + 3386 - 1 5489 Neg 12,243 Pos
C1q - DSA 22 5864 + 2686 . 2 4924 Neg 10,125 Pos
3 6985 Neg 13,112 Pos
4 5573 Neg 11,832 Pos
5 6323 Neg 7125 Neg
In vitro C1q positivity is related to 6 3794 Neg 5793 Neg

antibody concentration

Yell, Transplantation, 2015
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Assembly of IgG hexamers on cell surface is required for complement activation

Slide Courtesy of Peter Nickerson
Diebolder, Science, 2014

© E345rR (thexamer
- Irel. mAb

ftLysis

104 105 102 10' 10° A10°
Antibody concentration (ug/mL)
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Prevalence of isolated weak/non-complement binding IgG subclasses

Prevalence of isolated weak/non-c’ activating HLA DSA is rare

Patient Prevalence of isolated 1gG2/I1gG4
cohort Ab

Lefaucheur, JASN, 2016 n=125 4%
Schaub, Transplantation, 2014 n=73 5%
Arnold, Transpl Int, 2013 n=274 1%

Lowe, Human Immunol, 2013 n=51 1%
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Complement dependent assays

« Antibody concentration is the dominant determinant of complement activation

« Isolated non-complement-activating antibodies (IgG2, IgG4) are rare in the clinical
setting (1-5%)

« Non-complement-activating DSAs can also be pathogenic, although the pattern of injury
may be less severe than c’-activating



THANK YOU

Questions?

James.Lan@vch.ca
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