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Where are we, and where are we going, with DNA-based a pproaches in

Immunohematology? Is serology finished?
TRANSFUSION, July 2007 (47): 1S-2S

1

| am not experienced in molecular biology, but during the last decade it has become
increasingly obvious to me that the application of deoxyribonucleic acid (DNA)-based
technology is going to change all our lives. As an Associate Editor of TRANSFUSION, | receive
most of the articles concerning red blood cell (RBC) immunohematology.
Since the beginning of this new century, the number of articles involving DNA-based technology
has been increasing every year (e.g., in 2006, 55 percent of the articles | processed involved
molecular biology).

The AABB and the International Society of Blood Transfusion have both formed committees to
study applications of molecular methods in immunohematology and produce standards or
guidelines on molecular testing in immunohematology. In addition, a group of experts have
formed the Consortium for Blood Group Genes.

As an old-time serologist, | was glad to hear a consensus that serology is not finished and
indeed is, and will be, an important partner in the molecular approach.

George Garratty
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LA NUOVA MEDICINA TRASFUSIONALE: VECCHI PUNTI DI VIST A E
BIOLOGIA CELLULARE
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APPROCCIO SIEROLOGICO

Semplice ed economico;

buon expertise su come e quando farne uso,
anche in HDN;

e difficile tipizzare pazienti recentemente
trasfusi o con DAT fortemente positivo;

non definisce con precisione lo stato di D
zygosity;

non puo valutare il rischio neonatale di
sviluppare HDN, se non in maniera invasiva,

problemi legati agli antisieri (costs,
availability,  sensitivity/specificity, = FDA-
approvement etc.)

APPROCCIO MOLECOLARE

La conoscenza delle basi molecolari di molti
gruppi sanguigni e la correlazione tra
genotipo ed espressione fenotipica, ci
permettono di immaginare una ERA
GENOMICA in immunoematologia.
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Seguence Specific Primers PCR (SSP-PCR)
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E’ possibile usare I'SSP per la tipizzazione deil grup  pi sanguigni?

Un elevato numero di geni codificanti gruppi sanguigni sono caratterizzati da single

nucleotide “polymorphism” (SNPS).

Queste caratteristiche presenti nella sequenza nucleotidica sono essenziali per poter
disegnare primers che permettano una amplificazione in PCR.

In maniera del tutto analoga, quando sono piu SNPs a caratterizzare un gruppo
sanguigno, € possibile caratterizzare il gruppo sanguigno in un solo test, con un
insieme di coppie di primers (MULTIPLEX).

RH CLUSTER GENES

Rh-positive

Rh-negative
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E’ possibile usare I'SSP per la tipizzazione deil grup  pi sanguigni?

Un elevato numero di geni codificanti gruppi sanguigni sono caratterizzati da single

nucleotide “polymorphism” (SNPS).

Queste caratteristiche presenti nella sequenza nucleotidica sono essenziali per poter
disegnare primers che permettano una amplificazione in PCR.

In maniera del tutto analoga, quando sono piu SNPs a caratterizzare un gruppo
sanguigno, € possibile caratterizzare il gruppo sanguigno in un solo test, con un
insieme di coppie di primers (MULTIPLEX).

RH CLUSTER GENES

Cys16Trp Ser 103Pro

Cc

Ubezio G, Genova 10 ™ October 2007




E’ possibile usare I'SSP per la tipizzazione deil grup  pi sanguigni?

Un elevato numero di geni codificanti gruppi sanguigni sono caratterizzati da single

nucleotide “polymorphism” (SNPS).

Queste caratteristiche presenti nella sequenza nucleotidica sono essenziali per poter
disegnare primers che permettano una amplificazione in PCR.

In maniera del tutto analoga, quando sono piu SNPs a caratterizzare un gruppo
sanguigno, € possibile caratterizzare il gruppo sanguigno in un solo test, con un
insieme di coppie di primers (MULTIPLEX).

KELL SYSTEM

W
QS
Asn-Arg-Met(193) Asn-Arg-Thr (193)
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SSP-PCR e genetica del gruppi sanguigni

Applications of PCR-SSP for the determination
of blood groups

Genotype multiply transfused recipients

Genotype patients after ABO-incompatible BMT
Determine RHD zygosity of partners from alloimmunized
D-negative women before pregnancies

Genotype D-negative donors with C or E to exclude the
presence of the FHD gene and thus prevent anti-D
alloimmunization of recipients caused by very weak Rh D
variants in blood donors

Identify genotype in case of weakly expressed Rh D (e.qg.,
DEL) in donors

Confirm weak D genotypes in recipients to avoid
unnecessary use of D-negative blood units

Quality control of serologic methods

External quality assurance

modified by Prager M, Molecular genetic blood group typing by th e use by PCR-SSP technique.
TRANSFUSION 47; July 2007
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SSP-PCR e genetica del gruppi sanguigni

M DBT llic Dy wD1 dce dCE DcE DCe

B-actin
5 RHD

M = basepair DNA marker; DBT = Partial DBT; lllc = Partial; Dllic; D y = RHDy;
wD1 = Weak D Type 1; dce= Rh- (rr); dCE = Rh- (rr); DcE, = Rh+ (R2R2); DCe, Rht
(R1r).

by Denomme GA, Fernandes BJ. Fetal Blood Group Genotyping. TRANSFUSION 47; July 2007
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IL FUTURO: high throughput molecular testing

LightCycler, ROCHE

Am lliﬁpatiurl Plnt
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IL FUTURO: high throughput molecular testing

GenomelLab SNPstream Genotyping
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500,000 locations on each GeneChiprarray

Actual strand = 25 base pairs
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CRONOLOGIA DELLA MALATTIA EMOLITICA FETALE E NEONATALE

1939 - 1941 First Rh and HDN description by Levine & Stetson

1950 Whole blood exchange transfusion and early delivery

1961 ODA450 bilirubin estimation of amniotic fluid (Liley curve)

1963 Intraperitoneal fetal transfusion (Liley)

1964 Intrauterine venous blood transfusion

1968 Rh immune globulin prophylaxis

1994 Medial cerebral artery flow evaluation

Today GENETIC ERA
RHD paternal zygosity (from “most probable genotype” to gene viewing).
D-amplification by amniotic fluid (and much more).
Real-time PCR in maternal plasma.
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QUANDO USARE LA BIOLOGIA MOLECOLARE?

| test di agglutinazione e titolazione anticorpale danno solo una valutazione
indiretta del rischio di sviluppare Malattia Emolitica Neonatale.

La biologia molecolare permette di individuare, in caso di donne con
alloanticorpi, i feti antigene-negativi, permettendo cosi di escludere
gueste donne da programmi di stretto controllo clinico durante tutta la
durata della gravidanza.

LIMITI:

1. Alcune condizioni sono Incompatibili con [I'utilizzo della biologia
molecolare per la determinazione dei gruppi sanguigni (es. recenti
trasfusioni, HSCT, chimerismi naturali),
la presenza di un gene non indica necessariamente |'espressione
dell'antigene (es. pseudogeni).
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DNA: DIFFERENTI SORGENTI PER DIFFERENTI SCOPI

PBMC;

liguido amniotico;

villi coriali.

Free foetal DNA.
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PADRE: D-ZIGOSITY TESTING

Da genotipo piu probabile, in base allaplotipo D, C, ¢, E, e, a
genotipizzazione tramite PCR.

Flegel WA, Wagner FF. Molecular genetics of RH. Vox Sang 2000; 78 (Suppl.2): 109-15

. 2

Prima descrizione delle

Permette una valutazione generica del rischio paterno di dare
origine ad una gravidanza D-incompatibile;

Richiede la certezza della paternita;

Nel caso di eterozigosi paterna, da vita ad un risultato
probabilistico.
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PADRE: D-ZIGOSITY TESTING
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DNA FETALE

rischio di emorragia transplacentare a seguito della procedura (30%) o di danno
fetale (3%).

Sufficiente materiale per estrarre DNA; rischio emorragia feto-materna assente;
rischio alterazione sviluppo degli arti.

E’' la fonte di materiale genetico piu usata per la genetica fetale. Rischio di
aumento del titolo anticorpale materno in donna gia immunizzata: circa 3%. Si
opta per un prelievo “precoce” (17%20° settimana) In caso di rischio moderato-

severo di sviluppare HDN e genotipo paterno eterozigote o ignoto.

Procedura minimamente invasiva. Scarsita di materiale genetico e possibile
“contaminazione” di materiale genetico materno.
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GENOTIPIZZAZIONE MATERNA

Free fetal DNA

Aumenta con l'eta gestazionale. La ricerca di DNA fetale libero e
efficace a partire dalla 15°settimana di gestazion e.

Importanza del timing prelievo-esecuzione del test, per ridurre |l
rischio di risultati falsi negativi.

Importanza di una anamnesi materna accurata, per ridurre il rischio

di risultati falsi positivi.

Minon JM, Senterre JM, Schaaps JP et al. An anusual false positive fetal RHD
typing resault using DNA derived from maternal plasma fro m a solid organ
transplant recipient. Transfusion 2006; 46: 1454-5

Importanza della ricerca di marcatori per la conferma del materiale
genetico fetale nel campione analizzato.
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VERIFICA DELLA PRESENZA DI DNA EETALE LLIBERGINEILL PLEASSIVIA
MATERNO

MARKERS PATERNI
1. SRY nel caso di prodotto del concepimento di sesso maschile,
2. studio di polimorfismi paterni nel caso di feto di sesso feminile,

guando di origine fetale,
guando di origine materna.
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GENOTIPIZZAZIONE MATERNA

Summary of studies and the year (year), which used maternal
plasma-derived DNA to determine fetal RHD status

Group (year) n Gestation Accuracy (%) Controls

Lo (1998) 57 7-41 96 HBB

Finning (2002) 137 9-34 100 none (rpt)
Turner (2003) 31 <20 90 ACTB
Randen (2004) 114 6-38 92 SRY
Rouillac (2004) 851 15.2 99 SRY + (rpt)
Finning (2004) 359 >16 97 SRY +ins/del

Gautier (2005) 283 8-35 100 none (rpt)
van der Schoot (2005) 1257 >15 >99 SRY +ins/del
Zhou (2005) 98 15-42 94 SRY +ins/del

The number of samples tested (n) at the gestation (indicated in weeks) had accuracies
greater than 90 percent. Confirmation of the results was assured by the detection of non-
maternal markers (Controls), including the presence of the Y-chromosome (SRY), Hemo-
globin beta chain (HBB), B-actin (ACTB), or insertion and deletion short tandem repeats
(ins/del). In some instances, repeat (rpt) analysis for fetal RHD was performed multiple
times during the pregnancy.

modified by Denomme A, Fernandes J Fetal blood group genotyping TRANSFUSION 47; July 2007
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Fetal blood group genotyping fron DNA from matenal plasma:
an importand advance in the management and preventi  on of haemolytic disease

of the fetus and newborn
Daniels G, Finning K, Martin P, Soothill P Vox Sanguinis (2004) 87: 225-232

Reference Methods No.tested Gest.weeks RHD exons Accuracy

Lo et al 1998 57 7-41 10 96%
Faas et al 1998 31 16-17 7 100%
Bischoff et al 1999 20 15-36 7 70%
Zhong et al 2000 22 10-21 7 95%
Zhang et al 2000 58 - 7 98%
Nelson at al 2001 26 9-34 10 100%
Finning et al 2002 8-42 4,5,6,10 100%
Costa et al 2002 8-14 10 100%
Legler et al 2002 11-38 4,7 96%
Turner et al 2003 <20 10 90%
Johnson at al 2003 18-40 4,5,10 91%
Rander at al 2004 6-38 7 92%
Rijnder et al 2004 11-19 7 98%
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ANew York Blood Center Request for DNA Analysis of

Molecular Analysis Laboratory

310 East @7th Street, New York, New York 10021
Prana: TOETLANTE ! Fav: 2107274038

Blood Groups of Amniotic Fluid

Demographic Information

Patient (Mother) Name: Last

First

Middle

Medical Record Number

Social Security Number (optional)

Date of Birth

Ethnicity of Mother

icheck all hatapply)  African-American[]  Asian[] Hispanic[]] Native American[]  Pacific Islander[T]  White[]] Other

Ethnicity of Father

(check allthatapoly)  African-American[]  Asian[] Hispanic[]] Native American[]  Pacific Islander[]]  White[] Other

Diagnosis NYBC Ref#

| s ths oregnancy 3 result of non-spouza insernzton?  Yes[] Mo

Samples Required
Amniocytic fuid (atleast S} Date collzotss

Anthody __ Taer
Antbody Trer

Mother's sample Slocd[] Bucsaleslz[] Date sollected
“henotype

Father's sample Blood[J Succalcels[] Date oo scted Fzther's Phenotyps __
Havalisbes

Antibody Taer

Information on Hospital/Institution Submitting Sample corpie=in )
Contact Ferson Teechone |

Heosotali netiuton Mame
Hozotal Addhess
City
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ANew York Blood Center Request for DNA Analysis of
Molecular Analysis Laboratory Blood Groups of Amniotic Fluid

310 East @7th Street, New York, New York 10021
Phone: 212.570-3071 { Fax; 212-7374035
Prone: 212-570-3284 (Cr. M. Req)

Test Requested ¢ Date Collected i
W T e

Demographic Information

Patient (Mather) Name: Last First

Wedica Recors Numzes Socsl Seourity Number oo

CaecfBitn__ Diagnosis NYBZ Refd

Ethnicity of Maother
shecxaitaiaggyi  Atkar-dmercan[] Asin[] biperiz[[] Natvesmercan[] Facfcisancer[] wnie[] owme___

Sthrizizy of Father
ki ATcaametian[] Asar[] =spanc[] watvedmetizan[] Facosiander[T] weie[T] Cther,

Clinical Information
Supecies date of oz very
Haz sither paren: recaved a stem cell ransplant?  Yes[Q No[]  When___ Commen:s

s ths oregnangy 3 result of non-spouss inseronaton?  Yes[] Mo

Samples Required
Amniocytic fuid (atleast S} Date collzotss

Mother's sample Slecd[] Bucsaleslz[] Date collected Anthody __ Taer
“henctype Antbody Toer
Antibody Taer

Father's sample Blood[J Succalcels[] Date oo scted Fzther's Pheratyps
Havalisbes

Information on Hospital/Institution Submitting Sample corpie=in )

A= TR L I | b e E ] e TowEal W w1 i e y S

(if available)

Hospital Address, Fax{ )

City r i -]
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6 BIOLOGIC SAVIPEES

2 DNA samples
from transfusion
dependent patients

. 3

2 DNA samples from

amniotic fluid

2

RhD, Rhc, K testing

2 plasma samples
from RhD —
pregnant women

. 4

Fetal RhD testing
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Daniels G, van der Schoot CE, Olsson MOX SANGUINIS2005)88, 136-142

» “chief application ”: RHD typing for HDN prevention (also RHc and K)
« Other: management in blood transfusion dependence

2 samples of foetal DNA
from amniotic fluid

§

Tested for RHD
(Rhc and K were optional)

28 laboratories, a lot of PCR methods was employed: SSP-PCR, RFLP, Real time
PCR, direct sequencing.

Ubezio G, Genova 10 ™ October 2007




Daniels G, van der Schoot CE, Olsson MOX SANGUINIS2005)88, 136-142

» “chief application ”: RHD typing for HDN prevention (also RHc and K)
« Other: management in blood transfusion dependence

plasma from RHD negative
pregnant women

§

They asked
RHD testing only

24 laboratories ask to receive plasma speciments for fetal RHD typing using maternal
plasma. 15 labs performe correct typing, 4 did not test and 5 did’'nt obtain reliable
results.
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Daniels G, van der Schoot CE, Olsson MOX SANGUINIS2005)88, 136-142

» “chief application ”: RHD typing for HDN prevention (also RHc and K)
« Other: management in blood transfusion dependence

plasma from RHD negative
pregnant women

§

They asked
RHD testing only

Normally, at the 16th week of pregnancy, mean foetal DNA concentration is 150 pg/mL.
Sample 5 had a mean concentration of 1800 pg/mL: TOO EASY!
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SAMPLE 3 & 4 : fetal DNA from amniotic fluid.
Sample 3: 25 L(100ng/ L) M 39 labs
Sample 4: 50 L (100 ng/ L)

-

Clinical case only requires RhD testing, but it's possible to test also Rhc
and K.

-~
SAMPLE 5 & 6: EDTA-anticoagulated plasma from

RhD-negative women in pregnancy (16-18 week of > 20 labs
gestation) 2 mL for each sample.

-

It's mandatory to request this kind of samples. Clinical case only requires
RhD testing.
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The most commonly method of typing was SSP-PCR.
Other methods: RFLP-PCR, Real time PCR, pyrosequencing, microarray platform.

It was possible to verify an important improvement regarding correct controls to be
used, respect data published in the 2004 Workshop.
All laboratories performed at least:

* no template-control,
 negative-control,
* positive-control,

» house-keeping marker for each tube (multiplex).
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RhD 39 tested

K/k 33 tested

Genotype Genotype
D/D

RHD+

RHD+ RHD Y -

RHD weak D type 4.2 or DAR KELL/KEL2 ?
Partial D Not reported
D(T667G) Phenotype
RHD weak D type 4 (subtype ni)y , , = —
RHD/RHD Y

RHDVI 17K ke
RHDVa Sk

RHD 4.2/RHDY LKk ?
Phenotype 1|Not reported
D+

Weak D

Weak D type 4.2

Partial D

DVI

Not reported

RhCc 36 tested

Genotype

Cc+

c/c, including 2 that detected Cyt48

Clc

Not reported

Phe notype

c+

C—c+

C+ c+ (one of these gave genotype as

Not reported

6503/ (

' ZHDN & F
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RhD 39 tested K/k 33 tested

Genotype
RHD- yp

RHD—-RHD Y —
Positive (CCDee)
Phenotype

ot reported

Phe notype
Not reported

RhCc 36 tested

>~

Kik 33 tested
Genotype |
Phenotype |
Not reported

Not reported

C/C (phenotype not reported) 6 $ 03/ (
Not reported ' & F N\

Phenotype
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6510/ 3

ODERUDWRULHYV
/KUHH VWHSV WHFKQLTXH

FHOQWULIXJDWLRQ N
IUHH '1$ PDQXDO LVRODWLRQ
3&45 UHDO WLPH PBLQON, BBBB2S& +

5(68/76

WHVWYV ZHUH FRUUHFW

SHUIRUPHG IHWDO '1$ UHV HDIWK U QDWW KP D W/NSHHUF L
2QH ODERUDWRU\ KDG DQ XQFHUWDLQ UHVXOW
20H ODERUDWRU\ KDG D IDOVH¥QHJDWLYH UHVXOW
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6510/ 3

ODERUDWRULHYV
/KUHH VWHSV WHFKQLTXH

FHOQWULIXJDWLRQ N
IUHH '1$ PDQXDO LVRODWLRQ
3&45 UHDO WLPH PBLQON, BBBB2S& +

5(68/76
WHVWY ZHUH FRUUHFW
20H ODERUDWRU)\ KDG D IDOVH¥SRVLWLYH UHVXOW
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Third Intermational  Woerkshepren  melecuizx
pleod group GeneLYPING (2005)

Saranno inviati campioni con una maggiore variabilita genetica.

ACGIGUIDEEINES

Verificare lo stato mutazionale prima nei genitori, poi nel feto.

Monitorare I'accuratezza delle tipizzazioni eseguite (CdQ esterni; follow up alla
nascita).

Valutazione della contaminazione genetica di origine materna.

modified by Bellissimo DB, Practice guidelines and proficiency
testing for molecular assays TRANSFUSION 47; July 2007
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