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Alpha 1- antitrypsin (AAT) deficiency is one of the most hereditary disorders in the world, but there is
misdiagnosis for this deficiency. There are about 100 different AAT variants cannot be easily detected
by the known methods such as genotyping which reveals only the most common deficiency alleles Z
and S. These underscore the need of phenotyping to determine both common and rare deficiency
variants. The traditional method used in hospitals for diagnosis is the quantification of serum AAT
level. Our work is an attempt to evaluate serum AAT concentration in comparison to phenotyping. 300
Chronic obstructive pulmonary disease (COPD) patients were subjected to the determination of Pi
protein phenotypes by isoelectric focusing electrophoresis (IEF) and serum AAT concentrations using
nephelometry. The patients were classified according to their AAT levels into 3 groups, less than 89
mg/dl (deficiency, group1), 90-140 mg/dl (intermediate, group2) and more than 141 mg/dl (normal,
group3). Phenotypes of the deficient group were MZ, ZZ, SZ and SS, while the majority of phenotypes
in the intermediate and normal groups were MM with the presence of some at risk variants MS, MZ,
SS. Where, the rare deficiency variants FS and FM phenotypes were observed in the intermediate
group. The presence of some deficiency alleles in the intermediate and normal groups which have
relatively high AAT levels reflects that serum AAT concentration was not sufficient to be used for the
detection of AAT deficiency indicating the importance of using other methods such as phenotyping.
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1. INTRODUCTION
Alpha 1- antitrypsin (AAT) is a protease inhibitor of a number of proteolytic enzymes such as
elastase which is secreted by neutrophils and degrades the elastin of the host extracellular matrix
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constituents [1]. Deficiency of this inhibitor causes degradation of the alveolar elastin and increases
pulmonary damage. Some liver diseases produced from the aggregation of gene product deficiency
variants of AAT protein, such as the Z gene [2]. 10% of neonates and one third of adult men with Pi
ZZ will develop hepatitis and liver cirrhosis, respectively [3], this deleterious phenotype represents 1
in 300 individuals in the United State [4].
The highly polymorphic nature of AAT indicates that the gene locus is also highly variable;
approximately 100 different alleles have been identified to date. The Z and S alleles consider
the most common deleterious mutations where the Z allele is the severest one in patients with AAT
deficiency, while the M allele represents complete antiproteolytic effect.
Individuals who possess two deleterious AAT alleles (such as the relatively common Z and S
deficiency variants) are at significant risk for developing symptoms related to AAT deficiency due to
insufficient circulating AAT protease inhibitor (Pi) [5,6]. In people who have one deleterious allele,
the risk of clinically significant symptoms has not been detected before age of 40 or 50 years [7].
AAT deficiency is under-recognized, despite the establishment of World Health Organization
guidelines regarding testing criteria [8,9], this underscores the need for effective testing to increase
detection of individuals at risk [10]. Using quantitative determination of AAT deficiency is not
enough and there is need to other techniques such as phenotyping and genotyping [11]. The purpose
of this study was to evaluate, serum AAT concentrations as diagnostic tool to detect AAT deficiency in
relation to isoelectric focusing phenotypes in Chronic Obstructive Pulmonary Disease (COPD) Saudi
patients.

2. MATERIAL AND METHODS
Our research was performed on 300 COPD patients from the outpatient clinic of King Khalid
University Hospital, Riyadh (Saudi Arabia). Informed consent was obtained from all participants in the
study. This work was accepted by the institutional review board (IRB) of the above hospital.
Clinical data (age, gender, history of smoking and tobacco intake) were collected and the
diagnosis of COPD based on fixed airflow obstruction was determined by a forced expiratory volume
in one second (FEV1), forced vital capacity (FVC) and the ratio between the two (FEV1/ FVC). The
detection was carried out using a Micro Plus spirometer and the predicted data was less than 70%
which related to AAT deficiency.
The tobacco intake was calculated by smoking pack years from the mode of smoking, daily
consumption and total years smoked. For our knowledge, 20 cigarettes smoked per day for one year
consider as one pack years and the tobacco intake was defined as 0 for non-smokers.
Nephelometric determination of serum AAT levels was performed using BN prospect Immune
Nephelometry (Siemens Health Care, USA). Serum samples were analyzed for the phenotypes of
AAT by isoelectrical focusing (IEF) on 5% polyacrylamide gels with a pH of 4-5, electrophoresed, and
fixed before staining with Coomassie Brilliant Blue stain. The AAT phenotypes were determined by
visual inspection and compared with known patterns.
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3. STATISTICAL METHODS
SPSS PC+ version 21.0 statistical software were used to analyze data. To describe the
quantitative study and the outcome variables (mean and standard deviation) were utilized. To compare
the mean values of quantitative result variables, one-way analysis of variance was used for the three
groups (deficiency, intermediate, and normal level of AAT) followed by Tukey’s multiple comparison
test for pairwise comparison of groups. Student’s t-test was used to compare the mean values of
quantitative variables between smokers and non-smokers of the intermediate and normal level of AAT
study patients. A p-value of <0.05 and 95% confidence intervals were hired to report the statistical
significance and accuracy of results. Also parametric chi-square test were used to study the
correlations between categorical variables.

4. RESULTS
Phenotypes, AAT concentrations were evaluated for 300 COPD. The patients were classified
into groups according to their AAT levels in compliance produced by the American Thoracic Society
(ATS) in collaboration with the European Respiratory Society (ERS) [12], where the suggested AAT
levels, less than 89 mg/dL (deficiency); 90-140 mg/dL(intermediate); and more than 141
mg/dL(normal).
Table 1. Comparison of mean values of study and outcome variables across the three study groups
Mean±SD

Study & Outcome variables

F-value

p-value

Group 1
(Deficiency
of enzymes)

Group2
(Intermediate
level of enzymes)

Group3
(Normal level
of enzymes)

60(6.07)

52.4(3.9)

45.9(5.3)

140.06

<0.0001

46.3(2.3)

39.1(5.9)

30.2(5.1)

43.39

<0.0001

AAT

0.5(0.2)

1.2(0.7)

1.6(0.4)

32.10

<0.0001

FVC

55.5(7.6)

64.0(7.9)

69.5(8.1)

26.90

<0.0001

FEV1

41.3(3.0)

48.3(6.5)

51.9(9.5)

12.58

<0.0001

FEV1/FVC

48.9(5.1)

56.6(6.9)

60.3(8.1)

16.35

<0.0001

Age
Tobacco intake (pack-years)

There is highly statistically significant difference in the mean values of age, tobacco intake,
AAT, FVC, FEV1 and FEV1/FVC values among the three groups of study subjects (deficiency,
intermediate and normal level of AAT). The multiple comparison tests show that, mean age of subjects
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with deficiency and intermediate level of AAT is statistically significantly higher than the subjects
with normal level of enzyme. The mean age is significantly different with each other across these
three groups. The mean years of tobacco intake is statistically significantly different with each other
across the three groups, in which the mean value of subjects with AAT deficiency is significantly
higher than the subjects with intermediate and normal level of AAT. The mean values of AAT, FVC,
FEV1 and FEV1/FVC of subjects with deficiency of enzyme are statistically significantly lower when
compared with subjects with intermediate and normal level of AAT. The mean values of AAT and
FVC are significantly different with each other across the three groups, whereas no significant
difference in the mean values of FEV1 and FEV1/FVC between the groups with intermediate and
normal level of AAT (Table 1).
Table 2. Comparison of mean values of study and outcome variables between smoker and nonsmokers of study subjects with Intermediate level of AAT
Study & Outcome
variables
Age

Smokers

t-value

p-value

52.7(4.1)

Nonsmokers
52.3(3.8)

0.50

0.62

95% confidence interval for
difference of means
(-1.20,2.01)

AAT

1.31.1)

1.2(0.2)

0.30

0.76

(-0.23,0.39)

FVC

54.3(5.6)

67.4(5.4)

-11.5

<0.0001

(-15.33,-10.83)

FEV1%

39.2(3.5)

51.5(3.8)

-15.7

<0.0001

(-13.80,-10.69)

FEV1/FVC

47.8(4.9)

59.5(4.5)

-12.0

<0.0001

(-13.65,-9.78)

Table 3. Comparison of mean values of study and outcome variables between smokers and nonsmokers of study subjects with Normal level of AAT
Study &
Outcome
variables
Age

Smokers

Nonsmokers

t-value

p-value

46.4(3.7)

45.8(3.6)

0.89

0.37

95% confidence
interval for
difference of means
(-0.68,1.81)

AAT

1.1(0.14)

1.8(0.31)

-15.7

<0.0001

(-0.85,-0.66)

FVC

60.0(6.5)

73.0(5.3)

--13.4

<0.0001

(-14.95,-11.11)

FEV1%

38.4(4.6)

57.0(4.7)

-22.9

<0.0001

(-20.25,-17.04)

FEV1/FVC

48.8(4.6)

64.6(3.8)

-22.5

<0.0001

(-17.19,-14.41)

The comparison of mean values of Age, ATT, FVC, FEV1 and FEV1/FVC between smokers
and non-smokers in subjects with intermediate and normal level of AAT (Table 2 and Table 3
respectively) were performed while all individuals of group1 were smokers. In group2, high
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statistically significant difference in the mean values of FVC, FEV1 and FEV1/FVC, in which the nonsmokers are having significantly higher mean values than smokers. The 95% confidence intervals for
difference of mean of FVC, FEV1 and FEV1/FVC also indicate statistically significant difference, as
the intervals do not include the null value ‘0’ of no difference, but no statistically significant difference
in the mean values of Age and ATT between smokers and non-smokers (Table 2).
The comparison of mean values of age, AAT, FVC, FEV1 and FEV1/FVC between smokers
and non-smokers in subjects with normal level of AAT, shows highly statistically significant
difference in the mean values of AAT, FVC, FEV1 and FEV1/FVC, in which the non-smokers are
having significantly higher mean values than smokers. The 95% confidence intervals for difference of
mean of AAT, FVC, FEV1 and FEV1/FVC also indicate statistically significant difference, as the
intervals do not include the null value ‘0’ of no difference, and there is no significant difference in the
mean values of age (Table 3).

Table 4. Distribution of Phenotypes across the three study groups for COPD patients
Phenotypes

MM
MS
MZ
ZZ
SZ
SS
FS
FM
FF
Total
Χ2-value
p-value

Group1 (%)
Group 2 (%)
AAT deficiency Intermediate level
of AAT
0
110(68.7)
0
30(18.7)
5(25)
2(1.2)
2(10)
0
10(50)
0
3(15)
16(10)
0
1(0.6)
0
1(0.6)
0
0
20
160
7.60
0.055

337.32
<0.0001

Group 3 (%)
Normal level of
AAT
90(75)
20(16.7)
1(0.8)
0
0
9(7.5)
0
0
0
120
166.07
<0.0001

As indicated in (Table 4) there is a highly statistically significant difference in the distribution
of type of phenotypes across the 4 study groups (normal, group1, group 2 & group 3) among the
COPD patients. In normal group, 70% of subjects were having "MM" phenotypes, 18.5% of them
"MS" and 10.5% were having "SS" type of phenotype, with highly statistically significant (χ 2=
335.3, p<0.0001). 50% of patients in group1 were having "SZ" type of phenotype, 25% were having
"MZ" type of phenotype while, no statistically significant difference was observed for the remaining
25% of subjects who having "ZZ" and "SS" type of phenotype. In Group2, 68.7% of subjects were
having "MM" phenotypes, 18.7% of them "MS" and 10% were having "SS" type of phenotype,
which is highly statistically significant ( χ2= 337.3, p<0.0001). . In Group3, 75% of subjects were
having "MM" phenotypes, 16.7% had "MS" and 7.5% of them were having "SS" type of
phenotype, which is highly statistically significant ( χ2= 166.07, p<0.0001).
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Figure 1. Isoelectrical focusing of various AAT variants in the pH range 4-5 with Coomassie
Brilliant Blue stain

5. DISCUSSION
This study is an attempt at describing the relative frequencies of AAT phenotypes and
associated AAT Concentrations in some Saudi COPD patients. Our patients were defined into three
groups according to their AAT levels, group1 (deficiency), group 2 (intermediate) and group3 with
normal level of AAT.
The mean age of subjects with deficiency and intermediate level of AAT is statistically
significantly higher than the subjects with normal level of enzyme, these results are not incompatible
with the results reported of high AAT levels as acute phase protein in the elderly [13] this may be
attributed to the presence of deleterious alleles, which decrease AAT level, in those two groups rather
than the normal group.
The mean years of tobacco intake of subjects with AAT deficiency is significantly higher than
the subjects with intermediate and normal level of AAT. We can infer that the number of cigarettes is
directly connected to the existence of COPD. From the spirometry results, including FVC, FEV1 and
FEV1/FVC, we found that a high statistically significant difference in the mean values of these lung
functions between smokers and non-smokers for the intermediate and normal groups. Where, the nonsmokers are having significantly higher mean values than smokers in the two groups. Many studies
consider smoking as risk factor for COPD [14, 15], so quit smoking is the best clinical aim associated
decreased lung functions reduction in COPD patients [16].
Regarding AAT concentration, it was not statistically significant among the smokers and nonsmokers in the group of intermediate level of AAT, while it was significantly higher in non-smokers
than smokers in the group of normal level of AAT, although AAT is acute phase protein and smoking
cause increasing in its level due to the inflammatory process in the lung [17], smoking can reduce
AAT activity due to methionine oxidation at the active site of the protein [18]. In addition, smoking
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increases the number of macrophages, neutrophils and T lymphocytes, which secrete some
inflammatory mediators into the lung [19].
In our study of 300 COPD patients 20 were identified as having AAT deficiency (group1), 160
with intermediate level of AAT (group2) and 120 having normal concentration (group3). Among the
deficient subjects 25% had PiMZ phenotypes followed by PiZZ, SZ and SS with percentage of 10%,
50% and 15%, respectively. People who have two deleterious AAT alleles such as Z, S are at risk for
diseases related to AAT deficiency as a results of the lower level of circulating AAT protease inhibitor
[5, 6]. The mean of AAT concentration in this group was found to be 0.5 g/l which explained the
reduction in pulmonary functions in this group. The obtained results were in agreement with those
reported that the threshold of pulmonary damage is less than or equal to 60 mg/dl of AAT
concentration [20-22].
The majority of phenotypes of intermediate and normal AAT groups were MM followed by
MS, MZ and SS, indicating the relatively high AAT levels with the presence of deleterious alleles.
Also, in the intermediate group, 2 cases having the rare deficiency allele (Pi FS and FM).
The appearance of Z, S and F alleles in these two groups reflects the requirement of developing other
tests beside the determination of AAT concentration in the diagnosis of AAT deficiency. The high
level of AAT in those groups can be explained by the positive acute phase reaction of AAT and the
effect of smoking, which increase the AAT concentration due to the inflammatory process. Some
authors reported that acute phase reaction mildly increases AAT concentration in the presence of Z
alleles [23, 24]. Others assumed that, there is a mistake in the identification of the migration pattern of
the protein [25].
Regarding the role of deleterious alleles (Z and S) in increasing the risk of pulmonary diseases,
some authors link MZ phenotype to slightly increase this risk [26, 27], while SZ phenotype strongly
increases the risk of COPD, also MS phenotype leads to a small significant increase in COPD risk
[26]. Although there are an association between the phenotypes and AAT concentrations, some factors
affect this correlation such as, individual variation, AAT is an acute phase protein and the reduction in
AAT levels in some liver diseases and malnutrition [28, 29].

4. CONCLUSION
The presence of some at risk phenotypes within the groups of intermediate and normal AAT
concentrations reflects the need to an effective test such as phenotyping by isoelectric focusing
electrophoresis which provides an early diagnosis of AAT deficiency to decrease disease severity by
AAT augmentation therapy and change patient’s lifestyle as quit smoking. Also, phenotyping has
advantage over genotyping as it can detect all deficiency alleles, while genotyping detect only the Z
and S alleles.
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