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Deficiency of cytochrome b558 in chronic 
granulomatous disease demonstrated 

by monoclonal antibody 7D5
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The production of superoxide anions 
(OiT) and the release of the anions 
into phagosomes are essential for the 
killing of bacteria by phagocytes in 
defense mechanism[1]. I t  is catalyzed 
by NADPH: 0 2 oxidoreductase of cy­
toplasmic membranes of phagocytes. 
The activity  of the enzyme is absent 
in phagocytes of patients with CGD 
[2]. Because the enzyme system is sup­
posed to  be composed of a few com­
ponents, the disease should be caused 
by several etiology. Segal et al [3] sug­
gested a novel cytochrome b which 
was first described by H attori [4] as 
cytochrome b558 in 1961 to be involved 
in the activity. I ts  spectrum  was ab­
sent or scarce in phagocytes of the 
patients with X-linked CGD [5], 
which is the m ajor type of the disease.

A sensitive and quantitative detec­
tion of the cytochrome b is im portant 
for the definitive diagnosis of classical 
and variant types of CGD. The latter 
type is clinically no t so severe and is 
seemed to  be effectively treated with 
y-interferon [6]. The detection should 
be done with a  lim ited volume of 
blood because the patients are diag­
nosed early in their life.

W e raised a monoclonal antibody 
against the cytochrome b of hum an 
phagocytes [7] which could specifical­
ly absorb solubilized Ou-generating 
ac tiv ity  of human neutrophils [ref. 8 
and unpublished observation by  Mu­
rakam i et al]. Here we used i t  for a 
sensitive and quantitative assay of 
the  cytochrome b558 of phagocytes of 
CGD patients.

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

Monoclonal antibodies. M ore th a n  1,500 
m o n onoclona l hybridom as w ere  m a d e  from  
sp leen  cells o f mice im m un ized  w ith  c y to ­
ch ro m e  b 668-rich hu m an  n e u tro p h il m em ­
b ra n e  b y  fusing w ith  SP 2 / 0 . A  h y b rid o m a  
se c re tin g  7D5 (IgG l) w as c loned  b y  several 
l im ite d  d ilu tion  procedures [7 ]. C u ltu re  
m e d iu m  o f  th e  clone w as u sed . A s a  n ega­
t iv e  c o n tro l Ig G l, we used  a n  an ti-h C E A  
m o n o c lo n a l an tibody , F4-11, w h ich  was 
g en e ro u s ly  supplied by  D r. K u ro k i (F u k u ­
o k a  U n iv ., F ukuoka).

Im m unostainings oj peripheral phago­
cytes. H u m a n  peripheral p h a g o c y te s  a d h e ­
r in g  to  a  slide glass w ere im m u n o s ta in ed  
b y  7D 5 o r  F4-11 w ith  th e  use  o f  V e c ta s ta in  
(V ec to r L ab ., B urlingam e, CA) a f t e r  d én a ­
tu r a t io n  o f th e  endogenous p e rox idase  
w ith  0 .0 1 %  H 20 2 in m e th an o l [7 ].
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I mmunoelectron microscopy. P h ag o cy tes  
f ix e d  w ith  1 %  p a ra fo rm a ld eh y d e  an d
0 .0 2 %  g lu ta ra ld eh y d e  a t  4 °C fo r 1 h r 
w ere  im m u n o s ta in ed  as ab o v e  a n d  em bed­
d e d  in  E p o n . U ltr á t hin sec tions w ere  ob ­
se rv e d  o n  a n  elec tron  m icro sco p e  JE M - 
1200 E X  (Jeo l, Tokyo) [9].

F low  cytometry. M onocytes a n d  n e u tro ­
p h ils  (1 — 3.6 X 106 cells/m l) e n ric h e d  on P er- 
co ll g r a d ie n t  w ere in cu b a ted  w ith  hybri- 
d o m a  c u ltu re  m ed ium  c o n ta in in g  either 
7D 5 o r  F4-11  a t  6  °C o v e rn ig h t. T h ese  w ere 
w a sh e d  once  o r tw ice w ith  p h o sp h a teb u f- 
fe re d  sa lin e  (PB S), in cu b a ted  w ith  FIT C - 
la b e le d  g o a t an ti-m ouse  Ig G  F ( a b ’ ) 2 (Cap- 
p e l, C o o p er B iom edical In c ., M alvern , PA ) 
fo r 2 h r s  a t  6  °C an d  w ashed  once  w ith  
P B S . f  low  cy to m e try  w as c a rr ie d  o u t on 
a  O r th o  S p ec tru m  I I I  (O rth o  D iagnostic  
S y s te m s , W estw ood, MA) w ith  a  logari­
th m ic  o r  lin ea r m ode

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

A lthough normal human peripheral 
neutrophils were clearly im m unostai­
ned w ith  7D5, those of patients w ith 
classical X-linked CGD were unstained 
with i t  [7]. Neutrophils of their m o th ­
ers exhibited mosaicism, and were com ­
posed of two group, cells of one group 
were stained normally and those of the 
other were unstained (Fig. 1). Phago­
cytes of patients with autosom al re­
cessive CGD were normally im m uno­
stained w ith 7D5. Immunocytochemi- 
cal assay on a microscope is simple, 
sensitive and ivaluable as far as cy­
tochrome b-positive and negative 
CGDs concern. But we discovered pa-

F i g . 1. Im m u n o sta in in g  o f  n e u tro p h ils  o f a  X b  — C G D  c a rr ie r  m o ther w ith  m o n o clo n a l
a n tib o d y  7D5
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F i g . 2. A n  elec tron  m ic ro p g rap h  o f  a  n eu tro p h il im m u n o sta in ed  w ith  7D 6. D e p o s its  of 
o x id ized  d iam inobenzid ine  w ere  seen on th e  o u te r  su rface  o f cy top lasm ic  m em b ran e . 

D ep o s its  found  inside th e  cell w ere p ro d u ced  b y  endogenous perox idase  a c t iv i ty

tients with neutrophils containing 
low b u t significant cytochrome b558 
spectrum  [10]. Although we occasi­
onally succeeded in spectrophotomet- 
rically calculating the contents of the 
cytochrome in those cells, further 
accurate analysis was impossible be­
cause of limited numbers of available 
cells. In  addition, the spectral assay 
of the cytochrome is greatly in ter­
rup ted  by contam inated hemoglobin 
even though it can be avoided to  cer­
ta in  ex ten t by the use of carbon mo­
noxide [11].

We, therefore, established flow mic­
rofluorometry of phagocyte cyto­
chrome bS58 because the epitope of 
the cytochrome to 7D5 was found to 
locate on the surface of hum an phago­
cytes11 (Fig. 2) and of В lym phocytes 
(K. Kobayashi et al & M aly e t al, 
m anuscripts in preparation). On the 
flow cytometry, 7D5-positive cells 
were separated from 7D5-unstained 
ones more clearly in m onocyte frac­
tion than  in neutrophil fraction. So we 
used the monocyte fraction for the 
cytom etry. Monocytes of some pa-
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Green f lu o re sce n ce

F i g . 3. H istog ram s o f m o n o c y te  flow  cy tom etry  o f  a  v a r i a n t  CGD p a tien t. O pen h is to ­
g ra m , p a tie n t cells lab e led  w ith  F4-11; closed h is to g ra m , p a tie n t cells labeled  w ith  7D5; 

h a tch e d  h is to g ra m , cells of h is f a th e r  lab e led  w ith  7D5

tien ts  definitely had low b u t signifi­
can t amount of cytochrom e b on the 
surface (Fig. 3). From  our standard 
curve, the content of the  cytochrome 
in the  case shown in Fig. 3 was calcu­
la ted  to  be about 14% of norm al va­
lue which was com parable to  that 
calculated from difference absorption 
spectrum  (7 — 14%). This m ethod re­
quired neither purified phagocytes 
nor abundant number of cells.

T a b l e  I

Classification o f  C G D

C h ro m o - Cytochrom e b ss,  O iJ -g en era t-
so m e

spectrum 7D5 a n t ig e n  a c t iv i ty

X
± ±  ±

6
3

A + +  - 2

TJC* =b ±  — 1

* Unclassified

We diagnosed 12 CGD patients and 
classified them  into several groups by 
immunocytochemical and biochemical 
da ta  (Table I). A half of patients be­
longed to  classical X-linked cytochro­
me b-negative type, and one-fourth 
patien ts were X-linked variant CGD. 
We failed in  classifying the last case 
of the tab le  from family analysis of 
the cytochrom e a t protein level. His 
cells should  be therefore analyzed 
genetically a t a molecular level. We 
have experienced no definitive pa­
tien t w ith  autosomal cytochrome b- 
-negative CGD in Japan.
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