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Case report

Molecular basis of RhD-positive/D-
negative chimerism in two patients

5.5, Eig

SUMMARY This study investigated two patients with Rh chimerism: patien A, a healthy individual, and patient
B with myelofibrosis. Flow cytemetry studies showed two red blood cell popuiations of Rh phenotypes R, r
and rr at percentages of about 25% and 75% respactively, Normal RhD transcript sequencas ware found
following RT-PCR. Genomic DNA (gDNA) showed normat exon, intron, GATA regions and exon/intron
boundary sequences except fora single base change in intron 7 (C—A) of exan 7 in patient A. The major
change found in both patients was the absance of RHD exon 9 DNA in gDNA isolated from peripheral biood.
These findings suggest a somatic mutation, probably ina stem cell common to the myeloid lineage of both

paticnts, and indicate that patici il A inay undergo mangnant transtormation in the future.

Introduction

Rh blood group and gene complex
The Rhesus (Rh) blood group system plays
a key role in immunohaematology and
transfusion medicine. The Rh antigens are
the most immunogenic red blood cell pro-
tein antigens in humans. Antigens of the Rh
blood group system are carried on two pro-
teins encoded by genes denoted RHD and
RHCE. Recently, it has been established
that the Rh locus on chromosome 1p34.3-
p36.1 comprises at least two distinct but
highly homologous genes, a D gene and a
CcEe gene (Figure 1) [/].

The D and CE polypeptides both consist
of 417 amino acids, which differ by 35
amino acids as a result of 44 nucleotide
substitutions in the coding sequence [2].
Cherif-Zahar et al. first described the in-
tron-exon organization of the 10-exon
RHCE gene. The organization of the close-
ly linked and highly homologous RHD gene
appears to be similar [3].

Genetic basis of the RH locus
polymorphism

The RH locus is highly polymorphic. The
structure of the RH locus was first estab-
lished by studying blood samples collected
from the Caucasian population whete the
RHD gene is completely deleted in a D-neg-
ative phenotype [11. RZD gene deletion ac-
counts for almost all D-negative pheno-
types [/,4]. An intact but dysfuncticaral
RHD gene was reported in a small number
of phenotypically D-negative Caucasians,
Two examples of such individuals have
been studied at the molosular level. Avent ol
al. [4] reported a nonsense mutation in the
RHD gene, while Andrews et al. [5] repor-
ted a four-nucleotide deletion in exon 4 of
the RI/D gene. In the African population a
significantly higher proportion (up to 60%)
of serologically D-negative individuals cas-
ry RHD genes compared with Europeans
(6]. Among Japancse people that arc typed
as D-negative by standard serology, two
different RH genotypes can be defined,
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RHD D

RHD gene completely deleted D

Figure 1 Proposed molecular organization of the Rh genes

The first group of individuals lack RHD
genes (that is, are genotypically similar to
Caucasian D-negativec) and the cacond
group possesses RAD genes. Two groups
of workers reported that this second Japa-
nes¢ D-negative allele appears to be of D |
(D-elute) phenotype, which can only be
identified by complicated adsorption and
elution tests [7,8]. However, Okuda et al.
[9] stated that this group does not corre-
spond to the D phenotype, and conclnded
that the RHD gene is highly detectable
among Japanese D-negative individuals. D,
has recently been correlated witha 1013 bp
deletion, including exon @ [11], in the RH/)
gene.

Rh mosaicism and
myelaproliferative disorders
Disease-related abnormal expression of
bloed group antigens has been recognized
for a long time. Rh group changes charac-
terized by the presence of two populations
of red cells with different phenotypes (Rh
mosaicism) have been reported in some pa-
tients suffering from acute or chronic my-
elogenous leukaemia, myeloid metaplasia.
polycythaemia and myelofibrosis [/7- 74].
The myeloproliferative disorders are
thought to have a clonal origin arising from
a martation in the haematopoietic pluripo-
tential stem cell [/5]. Occasionally the
clone has an associated chromeoscme
anomaly or 4 change in antigenic character-

istics. Cooper et al. thought that these
changes might also have a clonal origin
[/n].

Although in some cases there was an
association of Rh loss with chromosome
aberrations |/6-18], no detectablc abnor-
mality of chromosome 1, where the RH lo-
cus is located (1p34-p36), has been noticed
in other cases. In these examples the Rh
mosaicism most probably resulted in the
expression of an abnormal clone of stem
cells (somatic mutation), which occasion-
ally disappeared during clinical remission
with a return to a normal Rh phenotype
[/8 19]. However, it is not clear whether
the leukaemic process itself canses these
changes in Rh blood group expression or
not. Rh mosaicism was also found in ap-
parently healthy individuals in whom chi-
merism could be eliminated as a possible
explanation [/3,2(),21]. In one cas¢ a so-
matic mutation affecting only one of
monozygotic twins was suspected [22]. In
a healthy donor and a patient suffering
from a non-haematological disease (pro-
lapse of an invertcbral disc} a mosaicism
for the blood group RH and FY locus
(chromosome 1q) was noticed [23,24].

In these studies, serological Rh typing
established that persons who had initially
tvped D' subsequently had mixed ficld re-
actions indicating RhD chimerism. Meth-
ods for direct detection of the RHD gene
were not available when these studies were
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reported. The subsequent availability of
pelymerase chain reaction (PCR) for de-
tecting genes encoding Rh proteins has
made it possible to demonstrate the RHD
gene even when conventional serological
methods do not detect D antigen. Although
the molecular basis of KH genes has been
largely clarified [25], there is currently no
information available regarding the molecu-
lar aiterations causing Rh blood group
changes in malignant diseases, except for
one report [14] which studied the molecu-
lar basis of RI chimerism in two patients
who were about 75% RhD-negative and
23% RhD-positive. Une patient suffered
from chronic myeloid leukaemia and the
other was a normaal patient whose Rh chi-
merism was detected on preoperative blood
typing., Both patients were found to have
RHCE and not RHI) at ¢xon 9.

Methods

Patients
Patient A was a woman aged 25 years old
with no haematnlngical dizarders or other
malignancies. She was found to have Rh
chimerism after preoperative (laminecto-
my) blood group typing. She had not been
transfused and does not have a twin.
Patient B was a 79-year-old Caucasian
woman, referred by her general practitio-
ner to the haematology outpatients clinic at
Norfolk and Norwich hospital for investi-
gation of persistent mild anaemia and leu-
kocytosis, Her blood film and bone marrow
aspirate suggested a diagnosis of myelofi-
brosis.

Blood samples

Blood samples were scnt to the Internation-
al Blood Group Reference Laboratory, Bris-
tol, by the University of Cambridge Divi-
sion of Transfusion Medicine, where sero-
logical tests and flow cytometry were per-

formed and both patients were diagnoscd
with Rh chimarism. The International
Blood Group Reference Laboratory sup-
plied DNA and cDNA from common RhD-

positive and RhD-negative phenotypes.

Genomic DNA extraction and
analysis

Genomic DNA (gDNA} was exiracted
from peripheral blood as described by
Avent and Martin | 26]. PCR reactions were
carried out using gDNA templates derived
as previously described. Each PCR reac-
tion mix had a final volume of 50 pL con-
sisting of 2.3 mmol/L MgClL,, 10 mmol/L
Tris pH 8.3, 1.25 mmol/L dNTPs, 25
umol/L diluted stocks of primers, 100 ng
g8DNA and 2.6 U Expand™ High Fidelity
enzyme mix. The PCR reactlions were car-
ried out on a Perkin Elmer-Cetus DNA ther-
mal cycler TC1. The PCR conditions and
the sets of primers used in the amplification
of exuns 1-10 are shown in Table | and
Table 2 respectively. The PCR products
were gel-purified using a Qiaex IT kit
{Qiagen) following the manufacturer's ins-
tructions. Purified DNA was sequenced
using dye-labelled terminator cycle se-
quencing chemistry on an Applied Biosys-
tems 373A DNA sequencer.

PCR amplification of Rh transcripts
Rh transcripts from two overlapping frag-
ments (¢xon 1-7 and exon 7-10) were iso-
lated, following RT-PCR on total RNA from
peripheral blood reticulocytes using Dyna-
beads Otigo (dT),.. cDNA was prepared as
described by Sambrook et al. [27].

Two sets ol primers were used 10 am-
plify the Rh transcripts. The first set of
primers was used to amplify the region
from exon 1 to exon 7 and had the follow-
11 SCunJ’.lUUb.

* Exon 1 RHD forward (sense) amplimer:
5"-TCCCCATCATAGTCCCTCTG-3"
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Table 1 PCR conditions for amplifylng genomic DNA

Exon Initial Denaturation Annealing  Elongation No. of
no. denaturation {°C) (°C) (extenslon) cycles
(*C) °C)
1 94 for 5 min 04 for 1 min 80 for 1 min 72 for 2 min an
2 g4forSmin  94forimin  S58for1imin  72for 2 min 30
3 g4forSmin  9d4for1min  65for 1min  72for2min 20
4 g4for5min  94fortmin  B0forimin  72for2min 30
5 84 for 5min 94forimin  60forimin  72for2min 30
6 94 for 5 min 94for1min  B65forimin 72 for2min 30
10 94 for 5min 94fortmin  60for1min  72for2min 30

Long PCR conditions were used to amplify exons 7 and 8/9.

For exons 8/9, initial denaturation 4 min al 94 °C, denaluration 20 s at 94 °C,
annealing 30 s at 60 °C. extension 8 min at 68 °C for 10 cycles, then another
20 cycles under the following conditions: denaturation 20 s al 84 °C, annealing
30 s at 60 °C, extension 8 min and 20 s at 638 “°C.

For exon ¢ he same conditons were used, exvept the anncaling temparature

was 58 °C.

* Exon 7 RHD reverse {antisense) am-
plimer: 5'-AAGGTAGGGGCTGGA-
CAG-Y
The second set of primers was used to

amplify the region from exon 7 to exon 10

and had the following sequences:

* Exon 7 RHD forward (sense) amplimer:
3-TGGTGCTTGATACCGCGGAG-Y

* FExon 10 RHD reverse (antisvisc) am-
plimer: 5-AGTGCATAATAAATGGT-
GAG-3
PCR reactions were carried out using

the following conditions: 94 *C for | min,

55 °C for 1 min and 72 °C for 3 min for 35

cycles in a 50 ML reaction mix composed

of: 10 mmol/L Tris-HCL pH 8.3, 2.5 mmol/L.

MgCl,, 1 um/L each primer, 1.2> mmol/L

each dNTP, 100 ng cDNA, and 2.6 U Ex-

pand™ High Fidelity cnzyme mix. PCR
products were gel purified on 1.5% agar-
ose gel using a (iaex unit (Qiagen) and
cloned into a PCR™ 1T vector following the
manufacturer’s instructions. Scquence

analysis of cloned PCR products was per-
formed using dyc-labelled terminator cycle
sequencing chemistry on an Applied Bio-
systems 373A DNA sequencer with 0.5 to
1.0 ug plasmid DNA as template. Both
strands of DNA wcre sequenced.

Results

Rh transcript analysis

Reticulocyte RNA isolated from the paticnt
was rcverse transcribed and transcripts
arising from the RHD gene were amplified
using two overlapping scts of primers (ex-
ons 1-7 and 7-10). PCR products of the
expected sizes (1200 and 387 bp for 1-7,
7-10 respectively) (Figure 2} were cloned
into PCR™ 11 plasmid as described in the
Methods. Six clones of each transcript (1-
7, 7-10) were isolated and fully sequenced
on both strands., The results revealed that
all these clones” sequences are identical to
the RHD gene sequence in both patients.

Yooog Yoy kel alad g Al dealt Radi e G 3B LS o)t s



La Revue de Santé de la Méditerranée oriantale, Viol, 10, N° 1/2, 2004

232

10D VYL LIV ¥V YYD 1V 195 110 vy E6LLOI6LEL Buox3 a H HE X3
0005 DOLOIVIIISIVEDDIIDDIDIDD 150169 gLony| Elale] 4 38 NI Hiq
J0DOVIVLIYVDOVYID1IDD10Y bril-01G91- g Lonuf 3as El 48 M BX34
0Bs QUDLLIVIDVEVIID1YIDIDOVD 0og ~  gLoa 3as Y HE8HY- goueg
DO0DLLOLIYIDOVYY YYD YlE-Olgge- G Lo an E dE€HH
oose D0DVIDLIDVYILIDWODYIIDY S86018001 £ uox3g a = Hi X3 dHYe
DOVDDDIYYYODOYYDVIVYYO LI DD 000E ~ 2 Uiy igo = HiHYe
00se JLIVOSDD13D10VOIOVY L9691 66 2 vuox3] a Ei ¢HOd £X3-
OYOVODL0DDDDYI DOYY c5i0169) L uonut a H BN QHYe
0oy 02DVIDOLL 1LO0C031VD S8-01201- 9 Uuoi)| Q E| 49 NI OHHe L
DOVODVOYODVYVYYIIOVYILLD 12O P g uoau| a H HI N QHY.
LS DI0DLLDLIYIDIVYVYYD ¥LE-CI1gEE- G uddy =dd | 49-He 9
YYVIVYODDODYDHDD 1 5 95 EL G U a0 H HS NI QHY-
205 OVOVILLOYOSVYLIVYDLLIDOVL Eba- 21498 Ul a E| 4G4 S
JVLDVVYOLDILDLODLIIVYDIDDL SALOLE86L Ul a H Hir-He
08g AYLLO1 091 DvI1LOVIVEIDD 91-019¢- £ udiu a E| 4€ NIQHHx 14
SvIOVIOLO010I)1DDY Lielgg guiy Xao d HEAY-
0B8E 1OVODDLIOVDLIDYOON1S CPHCOIEERE € Uiy E e E] dEHHe £
DILOVLYDIDLIDD_IvDs) S0ZolISee g uod 24 H (W) HZ 0AHY,
o8y Q0OVIIVIYILLIVYI DI DY £€5-0lgl-  Luaiu 330 E| d1 NI 2X3 Hye- Z
AY2IVVYEYODDLD000919101 reoryg | uonu 310 d HI1 NIdHd,
jtfad YYOVIOVOSDIVYINOVIY cEl-Cl6¥Ll- 19jouold d E| 4t CHY-
1001111i31¥vODDOn1vovyoy 90101621 1 uonu; Eale] H HLHY.
256 LLODLDIVOIVOIOVYYIODYOYLD 269-016/9- Jajouwold 330 4 dIHH- L
{dq) ans alueu
1onpold {.£ 1 g) souanbag uvaisod Jatuly Aoypadg  uopoag oLy uoxyg

S92)s 1onpoid srau) pue pasn sisunud 4o 5195 2 giguL

IEJEN W TR

:-"L‘

CET
LE - FE = V]

I

LIRSS S R IPREY TP RV Y UM T




Eastern Mediterranean Heaith Journal, Vol. 10, Nos 1/2, 2004 233

PCR amplification of the gDNA

o E All gDNA PCR products {Figure 3) were
g; = 8 excised, gel-purified, and the two DNA
as 3 strands sequenced using the same sets of
primers used in the amplification. Almost all
exons, introns. GATA regions within the
o K promoter region, and exon-intron splicing
g o & boundaries were found to be identical to the -
S cQ normal RHD gene. The single exception
- = b was intron 7: the primers RHD IN 6F, RHD
o < ) )
= O g5 IN 7R gave no product for patient A, while
% 3 % 3 & paticnt B and the contro! gave a product
8 ©C3ES with a size of 400 bp (Figures 3 and 4b).
o 80K When primers RHD EX 7R and RHD 6F
g E (E 5 E were used, there was a product of 3600 bp,
H 3 3
m o
cQ2x - L 5
O3 53 T g E
ol Q, = = a
= ~ T o T &}
2
§5
o o 2 1200 bp
o @ & - g
s |38 8 33 —
=~ | B 0o & o g 5w
| @ PP g 2
h~t g_ w ™ 3 T g
3 | = T P2 Ta
D o .
§ £ ~mom Sc¢ {a) Exon 1—7 fragment PCR product
- Lo 2 o
= | F 6 o o & G 3
@ EE =22 w8 a < -
3 EEcEwm g B3 E % £
2 LS g3 2 5 B 2 §
md a. -ﬁ 5 o " ) ]
2138 g2
2 |% W owow S
5|8 888©0° g5
T o B
o | P —-.,% g
£ o= g
31§ S§¢8
% |wcwe F5s 387 bp
T £ g )
§ A gm T
o=
g Sk S58
E £ ® L T g. b3
HHEEEHES R
2 Ec|loIoror|gee 2 E {b) Exon 1—7 fragment PCR product
© Iocs v 8558 &
2 r- 885 .3
3 RS8R EES
P BEREESS Figures 2a and 2h PCR products of cDNA
= | B EEET n )‘é cbtained by the amplification of 2
S| 2 Lody, Iy ovetlapping fragments: exon 1-7 and exon

7-10
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Exgn 1 Exon 1
(CDE) (D speclfic) Exon 4
|- . = — -
w o= o=
EE @ EE g o
D & = g b= Lm
<, QE=5 O =% S af
re &S &L EKE

952 bp
__.>
» 390 bp
426 bp ‘
Exon§ s Exon 7
{507 bp} 1 [mm bp)
Exons_ .’ 4-'_Exon1o
O sgoms<ps Queg go<powspgy OOP
§EI.5_§S T8ES IEES?E&SﬁE
E8° SEC E8C 58°
[ o R B l. .
Exon 5 Exon 6 Exon 7 Exon 10

Figure 3 PCR products, stained with ethidium bromide, include exon 1 {CDE), exon1 (D
specific), exon 4, exon 5, exan §, exen 7 and exon 10 for both patients (no product is seen for

patlent A in excn 7)

which indicates that at lcast the 5° half of
exon 7D is present. When primers EX
7FOR2 and RH 7R were used to amplify
the 3" regions of exon 7 and intron 7 PCR
gave a 3500 bp product (Figure 4a). When
sequenced this gave A instead of C (151
¢xon 7 position) at the 3° end of primer
RHAD IN 7R which is located on intron 7
(Figure 5), that is, the CE sequence not the
D seguence. This explains why PCR with
D IN 6F and D IN 7R failed. When RH
CDE IN 7F and RH IN 8R primers were
used to amplify exon 8, the PCR gave one
product of about 3311 bp for both patients,
An interesting finding was that on one oc-

casion, patient A gave two products (Figure
6).

This raises the possibility of a mutation,
deletion or insertion in intron 8. When puri-
fied, these products gave very poor quality
DNA and therefore no sequencing was car-
ried out. The same PCR was repeated more
than once. Each time, a single product was
obtained (Figure 7a). When EX 9 IN 8F
and RH 8/9R primers were used. the PCR
gave a 580 bp product (Figure 7b). Patient
A and patient B both gave CE-specific se-
quences only, that is, C at nucleotide 1170
and T at nucleotide 1193 (Figure R)
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2 (O specific) 3 (D specific)
= M= =
g5 & =t £z
Ew]
s £ 8 o 3 29
e &£ W =T & o I

3500 bp |
—’ H

{a)

3600 bp
-

1 (D specific)

e <« |
S5 5 = 1=
o= [e] = i (=)
= 2 o] el -
o B = o o [

{b)

Figures 4a and 4b Ampification products of exon 7 in patient A, using a control and J primers;
(1) DINGF DIN 7R (400 bp) (2) EX 7 FOR 2, RH 7R (3511 bp) (3} RHD 7R, RHD 6F (3511 bp)

Discussion

This study prescnts the results from two
patients, one suffering from a mycloprolif-
erative disorder and the other a healthy indi-
vidual, Both were females having a mixture
of R 1, rr cell populations as demonstrated
by serological tests and flow cytometry,
which has become a valuable tool in the de-
tection of minority red cell populations.

Loss of RhD antigen in malignant haem-
opathies and in hcalthy individuals is ex-
tremely rare and molecular information on
the blood group changes of thesc patients is
lacking. The molecular basis of Rh chimer-
ism in both paticnts was studied to find out
whether the 2 patients had the same molec-
ular basis, and compare them with those
described by Cherif-Zahar et al. (del G600)
[14].

The RHD transcripls were studied using
two overlapping fragments, exon 1-7 and
exon 7—10. The PCR products of both frag-

ments were cloned and sequenced for both
patients. As the results indicated, no change
was detected in the coding region. Howev-
cr, since the D antigen was not detectable
on about 75% of native red celis, either a
mutant transcript or truncated protein
might be degraded within the celis so that
the 7-10 fragment PCR might not amplify
immature fragments and pick up only the
normal transcript. As a result, no mutant
RHD was found because no transcription
from the mutant gene occurs. When these
PCR amplifications were carried out for all
10 exons of the RHD gene in paticnts A and
B, all exon/intron boundaries, exon, intron,
and GATA regions were found to be normal,
except for intron 7 in patient A where a sin-
gle basc change was found (C—A) at the
151 exon 7 position, which is at the 3" end
of primer RZID IN 7R, that is, in the CE and
not the D sequence. This explains why PCR
with RHD IN 6F and RHD IN 7 failed (Fig-
ures 3 and 4b). This minor change does not
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3511 bp
—
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(a)

Figure 6a Amplification products of exon 8

Figure 6b Further migration for patient A {two
uging primer RH CDE IN 7F, RH IN 8R {CDE)

products})

5 1 (CDE) 2 (D specific) 5 3(CDE)

n oD

S p—  E— | Bl |
'S8 O A @ ¢ B < m « e < m
== EZ O = =232 = - £ = =
55 5565 & S 885 2 & 5 5 B
=S Pe w2 05 8% 8 2 0§ o o®w
[T =] O o oI O [ a I (] (] o [ X

3511 bp
—_—

ta} (b}

Figures 7a and 7b Amplification products of exon 8/9, using thee primers: {1} RH CDE iN 7F, RH
IN 8R (2) RH IN 8F, EX 9R {3) RH 8/9 R, EX 9tN 8F
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Figure 8 DNA sequences of exon/intron 9 showing sequence match between the 3’ ends of the
primer. Sequence shows a comparison the between exen/fintron 9 sequences of patient A and

the RHD and RACE controle.

ts have RHCE sequences not RHD.

*Shows the sequence difference between AHDand RHCE.
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provide an explanation for the patient chi-
merism, but the presence of CE-specific
bases in intron 7 of RH{) may suggest that
part of the RHD gene in patient A has been
replaced by RHCE, resulting in an RHD-
CE-D hybrid gene. However, more experi-
ments are needed to see it this is the case.
An alternative e¢xplanation is that this
change may affect the end part of RHD
gene, which results in the loss of RhD anti-
gen. This is supporied by the findmg that
the RHD cxon 9 is absent in both patients,
with no RHD exon 9 isolated from periph-
eral blood gDNA. This may be explained by
an tnscrtion of DNA (possibly-a replace-
ment with part of RHCEY) or the deletion of
a segment of DNA in intron 8 including
cxon 9, Any alteration in the amino acid se-
quence can impair stabtlity, resulting m an
unstable molecule that degrades almost as
quickly as it is synthesized. As a result no
RHD gene is expressed. Possible support
tor this hypothesis comes Irom the obser-
vation that another primer (D 8/9F, RH IN
&R) produced a large product in high yield
(Figure 6a). In patieni A, further migration
gave two bands 1n one occasion (kigure
6b), but on other occasions both patients A
and B gave only one large product which
could not be resolved into discrete bands
(Figure 7a). This product needs to be
cloned and sequenced to see if any mutation
is present in intron 8 which may cause de-
fective processing or splicing of the prima-
ry mKRNA transcript, resulting in improper
translation and the absence of RHD exon 9.
When D-specilic primers were used (Fig-
ure 7a) weak PCR products for RHD exon
Y were produced in patients A and B, stron-
ger in patient B. This may be cxplained by
the high leukocyte count. The presence of
these products in both patients when D-
specific primers were used may be due to
amplification of exon 9 from the minority of
cells that are RHD-positive. The high ratio

of myeloid cells to reticulocytes may ex-
plain why this change could be detected
more easily in the gDNA than in the Rh tran-
scripts in patient B, which is not the case
for patient A.

Weak D phenotypes are associaled with
severely depresscd D expression. Wagner
et al. [28] detected two changes inexon 9: a
substitution at nucleotide 1177 (T—>G)
changing tryptophan to arginine and giving
rise to a weak D type 9 phenolype, and an-
other at nucleotide 1154 (G—C) which
changes glycine to alanine, and gives rise to
a weak D typc 2 phenotype. In our patient
this 1s not the case, since the whole RHD
exon 9 is absence, In a Japanese population
a deletion in 1013 bp in the RHD gene that
includes exon 9 has been reported [78].
‘This deletion is correlated with the D (D-
elute) phenotype (which can onty be de-
fined by sophisticated adsorption and
elution tests), whereas in our case D anti-
gen expression is severely depressed. Any
RHD alteration to exon 9 affects D antigen
expression. These findings differ from
Cherif-Zahar et al.’s finding [/4] of a CML
patient whose RhD-positive phenotype
shifted to RhD-negative, wherc scquence
analysis of Rh transcripts amplified from
reticulocytes revealed a single nucleotide
deletion {del GG600) tocalized in a region en-
coded by exon 4 of the RHD gene.

Comparing the two patients with some
of the D-ncgative phenotypes, it is most
likely that the two cases showed a genuine
D-negative phenotype caused by clonal
changes accompanied by absence of RHD
cxon 9. More analysis is needed to define
the precise mechanism of RhDD chimerism,
but our results indicate that the defect 1s
within the region of exon 9 in both patients,
Northern blotting is helpful in detecting any
changes in the RNA level. The 8/9 PCR
product (Figure 7a), using primer !, should
be cloned and sequenced. Clinically, the
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healthy patient has been advised to have
regular check-ups to rule out any clonal
changes that may develop over time. In the
case of the myelofibrosis patient, it may be
that during the myetodyplastic process a
downregulating gene is activated, inhibiting
RHD gene expression,
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Genetics in developing countries

Low- to middle-income countries vary in thelr capacities In medical
genetics. 3o0me may not have the resources to set up appropriate
dgenetic services. Others provide genetic services but need assist-
ance to improve equity of access to these services. The World
Health Organlzation Is supporting country capadity bullding by con-
structing educational modules and pilot studies to develop national
community genetics, including the ethical, legal and socletal impli-

catlons (ELSI).

Sawrce: WHO Facl sheet: genetics and health thitp:/idwwwowho int/genomicsien/E_

hgn- final pdf)
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