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Several congenital imnunodeficien- 
cy diseases including W iskott Aldrich 
syndrome, agammaglobulinemia, se
vere combined immunodeficiency di
sease (SCID) and X-linked lympho
proliférative syndrome are inherited 
in an X-linked m anner and have been 
more ore less precisely m apped on the 
X-Chromosome, m ainly by the me
thod of linkage analysis using poly
morphic DNA markers [1].

The gene, which is m utated in XL- 
-CGD is situated in the middle of the 
short arm  of the X-chromosome pro
xim al to  the locus for Duchenne mus
cular dystrophy (DMD) [2].

Two patients with cytogenetically 
detectable deletions in Xp21 manifes
ting two ore more X-linked diseases 
were of great im portance for the 
precise localisation and cloning of 
the CGD gene, the first hum an gene 
to  be cloned solely on the basis of 
i t ’s chromosomal localisation [3]. КС, 
a female heterocygous for CGD, OTC 
deficiency, Duchenne muscular dys
trophy and retinitis pigmentosa [4] 
and BB, a male with CGD, DMD and 
retinitis pigmentosa [5]. BB ’s DNA 
was an im portant starting  point to 
detect a 5 kb mRNA-by a m ethod cal

led subtractive hybridisation which 
proved to  he the transcrip t of the 
CGD-gene. This transcrip t is trans
lated  into a glycosylated transmem- 
rane protein identical to  the large 91 
kD subunit of the cytochrom b com
plex of the phagocyte m em brane [6].

Cytochrome b 558 is a component 
of the respiratory burst oxidase of the 
phagocyte membrane responsible for 
the O g- generation and thus for bac
terial killing, a process which, in most 
of CGD cases is completely and in so
me partially  deficient [7].

В cytochrome is composed of a  lar
ge 91 kD subunit, encoded by the 
CGD gene on the X-chromosome and 
a small subunit of 22 kD  encoded on 
a autosom e (Fig. 1). The small subu
n it m ay be carrying the heme group, 
the spectrum  of which is absent in 
practically all forms of X  linked 
CGD [8].

M a t e r i a l s  a n d  M e t h o d s

W e h av e  analysed  16 p a tie n ts  w ith  
X L -C G D  on th e  D N A  level by m ean s  of 
h y b rid isa tio n  w ith  th e  CGD cD N A  a n d  on 
th e  p ro te in  level using  an tib o d ie s  ra ised  
a g a in s t th e  91 kD  a n d  th e  22 k D  su b u n it. 
(All re a g e n ts  w ere generous g if ts  b y  S tu a r t  
O rk in ).
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F ig . 1. B a c te r ia l  K illing a n d  C y to ch ro m e  b C om plex. T h e  re sp ira to ry  b u rs t ox idase  
c o m p o sed  o f  th e  cy tochrom e b co m p lex  w ith  its  tw o  su b u n its  o f  91 an d  22 kD  a n d  a  
f la v o p ro te in  cata lyzis th e  one e le c tro n  red u c tio n  o f  o x y g en  to  О „-using N A D P H  as 
e le c tro n  d o n o r. This sy s tem  is a c t iv a te d  b y  a  cytoso lic  fa c to r  w hich is p h o sp h o ry la te d

b y  p ro te in  k inase С (PK C )

T h e  r e s u l ts  o f these ana ly ses a re  p re se n 
te d  w ith  spec ia l reference to  a  p a t i e n t  a f 
fe c te d  b o th  w ith  X L-CG D  a n d  th e  X -lin- 
k e d  M cL eo d  syndrom e. T h is p a t i e n t  a l
low ed  th e  fine m apping o f th e  M cLeod 
gen e , w h ic h  encodes for th e  re d  ce ll Kell 
a n t ig e n  p re c u rso r  substance  K x , t h a t  is 
a b s e n t  in  th e  M cLeod p h en o ty p e  [9 ].

T h e  p a t ie n t ,  now  13 y ea rs  o ld , suffers 
fro m  r e c u r r e n t  bacte ria l a n d  fu n g a l in 
fe c tio n s . I n  add ition  he p re se n ts  w ith  a  
m ic ro c y tic , hypochrom ic an em ia  w ith  acan- 
th o c y to s is .

L a b o ra to ry  evaluation : N B T -te s t  w as n e 
g a tiv , О 2-p roduc tion  a n d  c y to c h ro m e  b 
c o n te n t  o f  h is neu troph ils  w ere O . H e  had  
w e a k  ex p ress io n  o f K ell a n tig e n  a n d  no 
e x p re s s io n  o f  K x. The k a ry o ty p  w as 46 
Х У , w i th o u t  ind ication  o f a  d e le tio n . The 
p a t i e n ts  m o th e r  and  s is te r h a d  h e te ro z y 
g ous v a lu e s  for N B T , 0 2-, cy to c h ro m e  b, 
a n d  th e  K ell- an d  K x-an tigens.

S o u th e rn  blot analysis: D N A  w a s  e x tr a c 
te d  f ro m  w hole blood, d ig es ted  a n d  t r a n 
s fe rre d  to  n itrocellu lose f ilte rs  b y  S o u th e rn  
b lo t t in g . T h e  p robe used fo r h y b r id is a tio n  
w as a  rad io a c tiv ly  labelled cD N A  p ro b e  of 
3,5 k b  c o n ta in in g  alm ost th e  e n t i r e  CGD 
c D N A  [3 ].

W estern blot ana lys is:  N eu tro p h il m em 
b ran e  e x tr a c ts  w ere sep a ra ted  o n  SDS- 
-p o ly ac ry lam id -g rad ien t gels (7 — 12% ) an d  
tra n s fe rre d  to  n itrocellu lose filte rs , w hich  
w ere th e  in c u b a te d  w ith  th e  a n tise ra  ra ised  
ag a in s t th e  91 a n d  22 kD  su b u n its  o f 
cy to ch ro m e b .

R e s u l t s  a n d  D i s c u s s i o n

The resulting fragment p a tte rn  of 
Msp 1 digested DNA of the CGD/ 
/McLeod patient, his family and a 
healthy female control was identical 
for all fam ily members except for the 
patient himself (lane 2 in Fig. 2), 
whose DNA yielded no hybridisation 
signal, thus indicating a deletion of 
the entire CGD gene. The deletion in 
the patien t is not de novo, b u t inheri
ted from the mother. Signal in tensity  
of the m other and sister (lane 3 and 
4), both  carriers for CGD and McLeod, 
was identical to  th a t of a healthy un 
cle (lane 7) b u t only 50% of a healthy
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F i g . 2 . (A): S ou thern  b lo t an a ly s is  w ith  a  CGD cD N A  o f M sp 1 digested  D N A  o f th e  p a 
t ie n t  w ith  CGD an d  M cLeod a n d  his fam ily . L an es 1,5 an d  6 , fem ale con tro l a n d  tw o 
h e a lth y  a u n ts  show  100%  signal in ten s ity ; lane 2, p a tie n t (no signal); lanes 3 an d  4, 
hem izygous m o th e r  an d  s is te r  (50%  signal in ten s ity ), lane 7, h e a lth y  uncle . (B) Id en tica l 
fra g m e n t p a tte rn  o f  M sp 1 d igested  DNA o f six X -C G D  p a tie n ts  w ith o u t M cLeod syndrom e

W este rnb lo t  tor cytochrome b

91 kD —

; 2 3 4 5 6 7 8

1 : Control

2 : G. 5.

3 C. H.

4 :  C. S.

5 : N, M.

6 : L. R.

7 M . 0.

8 : L. 1

22kD--

F i g . 3. W este rn b lo t fo r b o th  su b u n its  o f  C ytochrom e b . In  lane  1 (contro l) an d  lane 8 
(fem ale w ith  au to so m al fo rm  o f CGD) p o sitiv  re ac tio n  w ith  a n tise ra  a g a in s t th e  91 and  
22 kD  p ro te in . I n  lan e  2, 3, 4, 5 (X -CGD  p a tie n ts  w ith o u t M cLeod) a n d  lane  7, CGD/M c 

L eod p a tie n t no  re a c tio n  w ith  an tib o d ies  a g a in s t th e  C y toch rom e b  su b u n its
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female control(lane 1), indicating th a t 
m other a n d  sister are hemizygous for 
the deletion. 15 patients w ith  XL- 
-CGD b u t  w ithout McLeod syndrom e 
were analysed  in the same way. Six 
of these pa tien ts’ samples are shown 
in th e  figure. Their DNA, digested 
with M sp 1, yielded a normal nonpo- 
lym orphic fragment pattern , w ithout 
any ind ication  of a deletion or a  gene 
rearrangem ent.

In  fam ilies such as reported here, 
prenatal diagnosis of CGD by  DNA- 
-analysis can be accomplished readily  
by detec ting  or excluding th e  dele
tion in  a  m ale fetus. In the m ajority  
of X -linked  CGD families p rena ta l 
diagnosis by  either functional ana ly 
sis of fe ta l neutrophils asp ira ted  by 
fetoscopy [10] or analysis w ith  close
ly linked  DXA markers from  Xp21 
can be m ade available [11].

W e determ ined the extent of th e  de
letion found  in the CGD/McLeod pa
tien t b y  hybridizing his D N A w ith 
three flank ing  probes, OTC, CX5.7 
and 754 [9] (Results not shown). The 
presence o f normal fragment p a tte rn s  
indicated , th a t  these loci were not 
deleted. T he deletion breakpoints the
refore lie between the OTC-locus and 
DXS148 (detected by CX5.7) and 
span a  region of probably n o t more 
than  1000 kb in Xp21. The McLeod 
locus can  therefore be m apped very 
closely to  th e  CGD locus.

F igure  3 shows the results o f the 
Western blot analysis. The control in 
lane 1 an d  the female with an  au to 
somal recessive form of CGD in  lane 
8 reac t w ith  both antisera, revealing 
the presence of the 91 and the  22 kD

subunits of cytochrome b. The CGD/ 
/McLeod patient (lane 7) and the other 
X-CGD patients (lane 2 — 6) did not 
react. They lack both subunits of the 
cytochrome b complex. Therefore ge
netic deficiency of only one compo
nent (the 91 kD subunit) encoded by 
the CGD gene seems to  be critical for 
the heme spectrum  b u t also for the 
stability of the 22 kD subunit.
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