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Summary 

Alpha-1-anti trypsin ( A 1 A T ) s e r u m levels a n d 
phenotypes w e r e d e t e r m i n e d in 49 Niger ians 
with chronic b ronchi t i s a n d 1(X) n o r m a l con-
trols. T h e A1 A T p h e n o t y p e s e n c o u n t e r e d w e r e 
PiMM, 6 9 % in ch ron i c b ronch i t i c s , 9 8 % in 
controls', P i M Z , 2 3 % in ch ron i c b ronch i t i cs , 
1% in con t ro l s ; P i L M , 2 % in ch ron ic b ron -
chitics, 1% in con t ro l s . T h e r e were t h r e e 
patients ( 6 % ) with t h e homozygous -dc f i c i en t 
phenotype P i Z Z . S p i r o m e t r y c o n f i r m e d ob-
structive vent i la tory p a t t e r n in t h e pa t i en t s with 
chronic b ronchi t i s , a n d the d i f f e r e n c e in the 
values o b t a i n e d b e t w e e n the pa t i en t s a n d con-
trols was statist ically s igni f icant ( P < 0 .01) . 
Serum A 1 A T levels w e r e within the no rma l 
range of 1 .4-2 .7 g/1 in all excep t the t h r e e 
patients with P i Z Z . T h e r e w a s no signif icant 
difference in the A 1 A T s e r u m levels b e t w e e n 
patients with ch ron i c b ronch i t i s a n d con t ro l 
subjects with the P i M M p h e n o t y p e ; tes ts of 
significance were not poss ible for the o t h e r 
phenotypes because of the small n u m b e r of 
subjects. T h e o b s e r v a t i o n of P i Z Z in 6 % of o u r 
patients with ch ron i c b ronch i t i s is in suppor t of 
screening of this c a t ego ry of pa t i en t s . Rep lace -
ment therapy with a lpha-1-an t i t ryps in inh ib i to r 
is currently u n d e r inves t iga t ion a n d may be 
worthwhile in t he se pa t i en t s if d e t e c t e d ear ly . 

Resume 

Les pheno types et les n iveaux d e s e r u m a lpha-
l-antitrypsin ( A 1 A T ) f u r e n t d e t e r m i n e s chcz 49 
Nigerians avec la b ronch i t e c h r o n i q u e et 100 
controlcs n o r m a u x . Les p h e n o t y p e s A I A T ren-
contres fu ren t P i M M , 6 9 % cliez les b ronch i -
tiques ch ron iques , 9 8 % chez les con t ro l c s ; 
PiMZ, 23% chez les b ronch i t i ques c h r o n i q u e s . 

'To whom correspondence should be addressed. 

1% chez les con t ro l c s ; P i L M , 2 % chcz les 
b ronch i t iques ch ron iques , 1% c h c z les con-
trolcs. T ro i s pa t ien ts ( 6 % ) fu ren t d e p h e n o t y p e 
homozygo te def ic ient P i Z Z . La *spirometr ie ' 
con f i rma un mode le de vent i la t ion obst ruct i f 
chez les pa t ien ts sou f f r an t de b ronch i te ch ron -
ique et la d i f fe rence e n t r e les valeurs o b t e n u c s 
e n t r e les pa t ien ts et les con t ro l c s etai t stat is-
t iqucmcnt significative ( / ' < 0 .01) . Les n iveaux 
d e s e rum A 1 A T f u r e n t d a n s Tinterval normal 
de 1 ,4-2,7 g/I chez tous sauf c h c z les trois 
pat ients avec PiZZ.. II n 'y cut pas de d i f f e r ence 
significative e.i n iveaux de s£ rum A 1 A T e n t r e 
les pa t ien ts s o u f f r a n t d e b ronch i t e c h r o n i q u e et 
les su j e t s de con t ro l e de p h e n o t y p e P i M M : 
a lors q u ' u n e analyse s ta t i s t iquc ne tut p i s 
possible p o u r les au t res p h e n o t y p e s a cause d u 
petit n o m b r e de su je t s . L 'obse rva t ion de P i Z Z 
chez 6 % de nos pa t i en t s s o u f f r a n t de b ronch i t e 
ch ron ique sout ien t le t r iage de ce t te ca t egor i c 
de pa t ients . La t hc r apcu t i quc d e r e m p l a c c i n e n t 
avec l ' inhibi teur de I 'a lpha- 1-ant i t rypsin 
ac tue l l ement sous e t u d e pour ra i t e t re uti le c h e z 
ces pa t ien ts s'ils soicnt dep i s tes to t . 

Introduction 

Alpha-1-ant i t ryps in (A1 A T ) is a h u m a n p ro te in 
which inhibi ts several p ro teo ly t ic e n z y m e s , 
especial ly t rypsin , a n d was first i sola ted in 
1962 11). This e n z y m e is synthes ized in the liver 
a n d it is t h e r e f o r e not a co inc idence that its 
def ic iency s t a t e will be well m a r k e d in the l iver. 
A1 A T is o n e of the most p o l y m o r p h i c of h u m a n 
p ro te ins and is u n d e r the con t ro l of the al leles 
t r ansmi t t ed in the a u t o s o m a l c o - d o m i n a n t 
m o d e |2 | . At p r e s e n t , abou t 30 d i f f e ren t al leles 
of A I A T have so far b e e n ident i f ied [3| . T h e s e 
p r o d u c t s a re c o m b i n e d in 46 d i f f e ren t p h e n o -
types , seven h o m o z y g o u s a n d 39 h e t e r o z y g o u s , 
cons t i tu t ing the Pi sys tem | 4 | . 
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The pathological mani fes ta t ions of A 1 A T 
deficiency have been extensively s tudied for the 
Z allele. Some o the r deficient alleles Pi 1, P, S, 
W and null (—) are also associated with 
reduced A 1 A T serum levels (5-7]. M o r e re-
cently, some variants of the M pheno types M 
Mal ton , M Dua r t e , M L a m b and M Baldwin 
have been found to p roduce grossly reduced 
levels of A1 A T with risks of deve lop ing emphy-
sema, in both heterozygotes and h o m o z y g o t e s 
[8-11). However , of all these , it is the h o m o -
zygous-deficient Z allele that is best known and 
also extensively s tudied. It is classically asso-
ciated with early onset of e m p h y s e m a [12| and 
chronic liver disease [13]. 

The l i terature review of A 1 A T in this en-
vironment revealed that studies have been 
confined mainly to normal pat ients [14, 15], 
pat ients with liver disease [16], and children 
with asthma [17]. In none of these s tudies was 
the homozygote-deficient Z Z pheno type 
encountered . 

T h e aim of this study is to de t e rmine the 
A 1 A T profile in our pat ients with chronic 
obstructive bronchitis and emphysema , a s tudy 
which has not previously been carried out in 
this envi ronment . It is expected that it is 
pe rhaps in this group of pat ients ra ther than the 
normal populat ion that the deficient pheno-
types may be discovered. 

Subjects and methods 

Consecut ive patients seen at our chest clinic 
diagnosed as having chronic bronchit is accord-
ing to the C I B A criteria [18] were s tudied. All 
the subjects had full clinical evaluat ion, and 
da ta such as age, height, sex and smoking 
s ta tus were recorded. 

Investigations carried out included s tandard 
pos te r ior -an te r ior chest radiographs and spiro-
metr ic studies. This involves using the vitalo-
graph dry wedge spi rometer to measure the 
forced expiratory volume in 1 second ( F E V ) 
and forced vital capacity (FVC) . The forced 
expiratory ratio ( F E R ) F E V , / F V C x l(X) was 
de te rmined for each subject . The severity of the 
disease was de te rmined using the criteria s tated 
below [19]. 

Normal/mild chronic bronchit is F E R = 60 -70% 
Moderate ly severe chronic bronchit is 

F E R = 4 0 - 6 0 % 
Severe chronic bronchitis FER < 40% 

Ten millilitres of blood were withdrawn from 
each subjec t ; this was separated and the serum 
frozen and s tored at — 2()°C. Sodium azidc was 
used as preservat ive to prevent bacterial de-
gradat ion of the samples. 

T h e blood samples were collected over a 3-
month period and kept in an ice-packed flask 
dur ing t ransport to the U . K . , for analysis of 
A 1 A T pheno type while the A 1 A T scrum con-
centra t ion was carr ied out by A . B . A . Scrum 
concent ra t ion of A 1 A T was measured by the 
a u t o m a t e d immunological methods described 
by Laurell [20]. The samples were diluted 1:50 
and applied in 4-mm wells. The c lectrophoret ic 
run was carr ied out for 5.5 h at 35 V/cm. A1 A T 
concent ra t ion was expressed as a percentage of 
a normal pool where the pool was that of 1000 
normal d o n o r samples in the laboratory. 

A 1 A T pheno type was carried out by iso-
electric focusing in polyacrylamide gel ( P I E F ) 
using the me thod of Cox [21], a modif icat ion of 
techniques described by LKB, S tockho lm. 
Sweden (supplier of the ampholytes) . G e l s 1 
m m thick were cast using a gel solution con ta in -
ing 5 % a m m o n i u m persulphate , 0 . 0 5 5 % 
T E M E D and 5 % ampholyte . Abou t 20 \x\ of 
se rum were supplied using LKB appl ica t ion 
strips. In some runs, serum was reduced by p r e -
incubation with di thioerythri tol ( D T E ) , at a 
final concentra t ion of 10 him. T h e run w a s 
carried out on an LKB Mult iphore a p p a r a t u s 
with an L K B 2301 power supply. P re focus ing 
was usually carr ied out for 30 min and the to ta l 
length of the run a f te r sample application w a s 3 
h, t empera tu re I0-15°C. Prepared L K B p la t e s , 
p l l 4 -5 , were also used. Staining with co -
omassie blue B250 was carried out as desc r ibed 
in the LKB l i terature but using a r e d u c e d 
strength of stain (0 .05% in acetic a c i d . m e t h a -
nohwate r ; 3:9:9, v/v). Dcstaining was ca r r i ed 
out for 1 h in a 1:1 mixture of solvents and 5 % 
acetic acid. In some cases immunofixat ion w a s 
carried out a f te r P IEF. Samples were di luted t o 
contain approximately 0.022 mg A l A T / m l . 
Ant iserum diluted 2:1 was applied directly t o 
the surface of the gel. The gel was washed fo r 
1 -3 days in saline then stained as ou t l ined 
above. 

Statistical compar isons between the va r ious 
groups were made using Student ' s t-test. 
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Results 

Only 49 out of 56 sub jec t s with chron ic b ron-
chitis and 100 normal sub jec t s serving as 
controls could be analysed at the e n d of the 
study. This is because s o m e of the s e rum 
samples degraded dur ing t r anspor t a t ion to the 
U.K. where the analysis was d o n e . 

The age and sex dis t r ibut ion of the sub jec t s is 
as shown in Fig. 1. This reveals that the 
majority of the sub jec t s with chron ic bronchi t i s 
were over 50 years of age and p r edominan t l y 
male. The th ree sub jec t s with P i Z Z p h e n o t y p e 
were below 50 years (40. 43 a n d 44 years , 
respectively). All the pa t i en t s with chronic 
bronchitis satisfied the C I B A cri ter ia [18] for 
diagnosis of chronic bronchi t i s . T h e y also had 
typical i rreversible obs t ruc t ive a i rways pa t t e rn 
on spirometry. T a b l e 1 shows the result of the 
spirometric f indings which conf i rms that all the 
subjects with ch ron ic bronchi t i s had m o d e r a t e 
and severe airway obs t ruc t ion accord ing to the 
criteria we used. 

On the o t h e r h a n d , the cont ro l sub jec t s had 
normal sp i romet ry a n d the d i f f e rence in the 
FER be tween the P iMM chronic bronchi t ics 
and controls w a s statistically significant (/> < 
0.01). Analysis in respect of the o t h e r g r o u p s 
was not carr ied ou t because of the small 
number of sub jec t s . It is no t ewor thy that the 
three subjec ts with P i Z Z had severe a i rways 
obstruction. T h e s m o k i n g pa t t e rn reveals that 

10 2 0 3 0 1 0 5 0 6 0 7 0 
Age ( y e o r s ) 

FIR. 1. Histogram showing age and sex ( • male. • 
female) distribution of subjects with chronic bron-
chitis (S) and control subjects (C). 

all the sub jec t s with chron ic bronchi t i s were 
smoke r s . 

T a b l e 2 shows the resul ts of the prof i le of 
A 1 A T p h e n o t y p e s a n d s e rum concen t ra t ions . 
T h e p h e n o t y p e s e n c o u n t e r e d a re P iMM 34 
( 6 9 % ) in ch ron ic bronchi t ics , 9 8 % in cont ro ls ; 
P i M Z II ( 2 3 % ) in chron ic bronchi t ics , 1% in 
cont ro ls , PiLM o n e ( 2 % ) in chronic b ron-
chitics. 1% in cont ro ls . T h e r e were th ree ( 6 % ) 
subjec t s with the homozygous-def ic ien t pheno -
type P i Z Z . T h e s e r u m levels of A 1 A T in 
respect of the var ious p h e n o t y p e s is also shown 
in Tab le 2. while the sub jec t s with the h o m o -
zygous-deficient p h e n o t y p e s had abnormal ly 
low levels (0 .48 ± 0.21 g/l). O t h e r sub jec t s with 
chronic bronchi t i s and cont ro ls had levels with-
in the normal range of 1.4-2.7 g/l. Fur the r -
m o r e . t he re were n o significant d i f fe rences in 
the A 1 A T se rum levels of sub jec t s with chron ic 
bronchi t is and control sub jec t s with the P iMM 
p h e n o t y p e ( / ' > 0.05) . 

Tab le 3 is a compar i son of the results f r o m 
our s tudv with those of o the r s tudies . 

Discussion 

T h e result f rom this s tudy has c o n f i r m e d the 
f indings f rom most count r ies that P iMM is the 
commones t p h e n o t y p e . H o w e v e r , of impor t -
ance is the obse rvance of the homozygo te -
deficient p h e n o t y p e Z Z for the first t ime in 
this e n v i r o n m e n t . T h e homozygote -def ic ien t 
p h e n o t y p e Z Z was , howeve r , f ound only in o u r 
sub jec t s with chron ic bronchi t is . Er ikson (12] 
r epo r t ed 50 cases of P i Z Z out of which 30 had 
chron ic bronchi t is while the o t h e r 20 did not 
have p u l m o n a r y disease . Th i s suggests that not 
all individuals with A 1 A T d e v e l o p p u l m o n a r y 
d isease . 

T he f r e q u e n c y of the Z Z p h e n o t y p e has b e e n 
es t ima ted at 0 . 029% |7] a l though this was in a 
normal popu la t ion sc reen ing . T h e levels of 
A 1 A T in this g r o u p of sub jec t s a re usually 
be low 1.4 g/l. T h e pa thogenes i s of p u l m o n a r y 
lesions in A 1 A T def ic iency is not well k n o w n . 
H o w e v e r , the hypothes i s that because of the 
low levels of A 1 A T in these pa t ien ts the lungs 
a re not ab le to wi ths tand the act ion of endo-
p ro teases , a n d t h e r e f o r e au todiges t ion occurs 
with consequen t pa thologica l changes [22], is 
p robab ly still valid. S tud ies o n homozygo tes 
deve lop ing e m p h y s e m a show no corre la t ion 
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Table I. AI AT phenotypes and mean scrum concentration in subjects with chronic bronchitis unci normal 
subjects 

Mean A I A T 
concentration of 

subjects with Mean AI AT 
AI AT Chronic bronchitis chronic bronchitis Control subjects concentration in 
phenotypes (//) (g/l) (n) control subjects (g/l) P value 

MM 
MZ 
ZZ 
LM 

34 
II 
3 
1 

2.18 ± 0.21 
1.7 ± 0.15 

0.48 ± 0.21 
1 . 8 

98 
1 

2.25 ± 0.39 
2 . 1 

1.9 

>0.01 

Table 2. Correlation between spirometry ( F E V , / F V C = F E R ) and A l A T phenotypes in subjects with chronic 
bronchitis (CB) and control subjects (C) 

FER in subjects with 
AI AT Chronic bronchitis chronic bronchitis Control subjects FER in control 
phenotypes (//) (%) (" ) subjects (%) P value 

MM 34 58.15 ± 14.2 58 71.2 ±11.5 >0.01 
MZ II 52.5 ± 10.5 I 75 — 
ZZ 3 41.3 ± 1 2 . 5 — — — 
LM I 50 — 68.5 — 

between severity of A l A T d e f i c i e n c y a n d 
severity of lung disease [23]. H o w e v e r , o u r 
three subjects with P i Z Z h a d ve ry low A ! A T 
serum levels and severe a i rway o b s t r u c t i o n , a 
pattern which is common ly d e s c r i b e d . 

P i M Z w a s t h e next most c o m m o n p h e n o t y p e 
encountered in both s u b j e c t s wi th c h r o n i c 
bronchitis and normal con t ro l s . T h e s t a t u s of 
the MZ phenotype in the p a t h o g e n e s i s of 
chronic pulmonary disease is c o n t r o v e r s i a l . A 
number of repor ts have inc luded o b s e r v a t i o n s 
of occasional A1 AT-def i c i en t h e t e r o z y g o t e s 
with chronic pu lmona ry d i s ea se [ 24-261. 
However. Welch et at. | 2 3 | in t he i r s t u d y of 
patients with in te rmedia te levels of A 1 A T 
concluded that i n t e rmed ia t e A 1 A T leve ls a r e 
not important in p u l m o n a r y e m p h y s e m a . L ie -
bcrman [27), in his s tudy of p a t i e n t s w i th 
emphysema, found a s izeable p r o p o r t i o n of t h e 
patients were he te rozygo tes a l t h o u g h h e w a s 
not able to advance a direct r e l a t i o n s h i p . In th i s 
study, we also found tha t a s i zeab l e n u m b e r 
of our subjects with ch ron i c b r o n c h i t i s w e r e 

h e t e r o z y g o t e s . I lowever , it was not possible to 
c a r r y ou t o t h e r physiological tests, such as for 
g a s t r a n s f e r fac tor , that could have dis-
t i n g u i s h e d the pat ients with emphysema f rom 
t h o s e with only chronic bronchitis. It is also 
l ikely tha t the screening spirogram might not 
h a v e u n c o v e r e d a subtle disease that could be 
r e c o g n i z e d only with more sensitive procedures 
such a s m e a s u r e m e n t of residual volume, air-
w a y re s i s t ance , closing volume or pulmonary 
c o m p l i a n c e at d i f ferent rates of breathing. Thus 
t h e s u b j e c t s with pure emphysema could not 
a c c u r a t e l y be identified in this study. The 
s m o k i n g his tory obtained in our subjects was 
fo r cl inical diagnosis of chronic bronchitis 
P r e v i o u s s tud ies have shown conclusively a 
pos i t i ve corre la t ion between quantity of 
c i g a r e t t e s s m o k e d and severity of chronic 
b r o n c h i t i s [28| . This present study was, how-
e v e r . not addressed to this. 

It is n o t e d that PiMS and SZ previously re-
p o r t e d in this environment (14. 15) were not 
e n c o u n t e r e d in this study. The reason for the 
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differences is not c lear a l t h o u g h e t h n i c d i f f e r -
ences in the s tudies may he a f a c t o r . F u r t h e r -
more , our me thodo logy is d i f f e r e n t f r o m t h e s e 
reports and the i m p r o v e d sens i t iv i ty c o u l d a l s o 
be responsible for the d i f f e r e n c e s e n c o u n t e r e d . 

The PiLM e n c o u n t e r e d in th i s s t u d y , 
although new in this e n v i r o n m e n t , is no t n e w in 
Africa. T h e exis tence of this a l le le in A f r i c a w a s 
first noted by Vaudevi l le et al. | 2 9 | in Z a i r e a n d 
was said to have m i g r a t e d f r o m I n d i a . 

In conclusion, we h a v e f o u n d t h r e e s u b j e c t s 
with homozygous-def ic ien t p h e n o t y p e s a s wel l 
as 12 he te rozygous-def ic ien t s u b j e c t s . H o w -
ever, the se rum A l A T s e r u m leve l s w e r e 
significantly low only in t h e P i Z Z s u b j e c t . 
Studies are present ly u n d e r w a y o n r e p l a c e m e n t 
therapy with a l p h a - 1 - a n t i p r o t e i n a s e i n h i b i t o r in 
this category of sub j ec t s | 3 0 | . H o w e v e r , t h e 
results from the var ious c e n t r e s a r e still i n c o n -
clusive as regards the e f f ec t of r e p l a c e m e n t 
therapy in pa t ients with e s t a b l i s h e d p u l m o n a r y 
diseases. If pa t ients with low s e r u m l eve l s a r e 
identified early b e f o r e t h e e s t a b l i s h m e n t of 
severe disease, it may be poss ib le t o h e l p t h e s e 
patients with r ep l acemen t t h e r a p y . 
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