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ABSTRACT

A study was made of the possible correlation of alpha-l-antitrypsin 

(AAT) deficiency and the occurence of chronic obstructive pulmonary 

disease. One hundred serum samples were obtained from the laboratory 

at St. Peter’s Hospital. Spectrophotometric analysis was used to 

measure the level of ATT activity of these samples. Our study was con

cerned with the presence of pulmonary emphysema, asthma, bronchitis, 

and cirrhosis in individuals with varying levels of alpha-l-antitryp

sin activity. A correlation was found between the spectrophotometric 

data and these pathological conditions as indicated by the medical his

tories of the patients. A variation was found between the results of 

our study and one done by Homer, who also performed a screening test 

for AAT deficiency. Gel electrophoresis was used to attempt detection 

of phenotypic variation of AAT in serum proteins. The variation could 

not be seen in our gels.
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LITERATURE REVIEW

Introduction

Schultze and coworkers (15) isolated a glycoprotein from human 

blood serum in 1962 and named it alpha-l-antitrypsin (AAT). AAT is the 

major component of serum inhibitors. It comprises 90% of the antitryp

tic activity of human serum. The remaining 10% is comprised of inter

alpha-trypsin inhibitor, alpha-2-macroglobulin, and alpha-1-antichymo

trypsin (72). Although many hypotheses on the action of AAT have been 

formulated, the exact mechanism behind its function is not known.

AAT is known to exist in several phenotypic forms. This system of 

variants was initially referred to as the Pr (Prealbumin) system be

cause of its characteristic migration during paper or gel electrophore

sis. The AAT band migrates in front of the albumin band. However, 

since AAT is one of the major protease inhibitors in human serum, the 

term Pi (Protease Inhibitor) was introduced for this system of inheri

ted variants (19). The Pi locus has 23 identified phenotypes composed 

of 15 variant alleles (57) • Of these 23 phenotypes, the majority (90%) 

of the population are phenotype MM, with phenotypes MZ or MS making up 

the greater part of the remaining persons. The alleles are distinguished 

by the use of letters which indicate the rate of migration of that al

lele within an electrophoretic field. The range is from B (fastest) to 

Z (slowest). Some phenotypes, such as ZZ, have been correlated with 

AAT deficiency.
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The normal values of AAT are symmetrically distributed around a 

mean value with a standard deviation of 12-15%. The level of AAT in

serum is extremely variable and may double during estrogen treatment 

or pregnancy (57). The human embryo begins synthesis of AAT during the 

twenty-ninth day of gestation. The concentration of AAT is low after 

6.5 weeks, one-half normal after 9.5 weeks, and approximately twice 

that of normal in the second and third trimesters (1). AAT levels also 

increase during inflammatory reaction and decrease slightly following 

androgen therapy (57).

AAT levels are dependent, in an unknown way, on the genotype of

the individual involved. Low levels of AAT have been associated with 

the Pi Pi genotype and some heterozygous genotypes. Eriksson (11)' 

established an association between AAT deficiency (found often in ZZ 

individuals) and chronic obstructive pulmonary disease (COPD). He 

found 33 patients with the ZZ phenotype, twenty-three of which had clear 

evidence of COPD and anatomical emphysema. The evidence for linking 

COPD and a deficiency of AAT in heterozygotes is insufficient. There 

is less correlation than that found in homozygous individuals.

During certain physiological or pathological conditions, the AAT 

levels of heterozygotes for the deficiency gene may be in the normal 

range (37).

Much work has been done since 1962, and many advances in knowledge 

and analytical techniques have been made, but much remains to be

learned.

Our objective was to study the AAT inhibitory capacity and variant

2



gel electrophoretic patterns in order to determine the existence of an 

association of low AAT levels with the presence of chronic obstructive 

pulmonary disease and cirrhosis.

Characteristics of Alpha-l-AntitrypSin 

General Considerations

AAT is an enzyme inhibitor. Inhibition is a phenomenon of enzymatic 

action that prevents one step in a necessary series of reactions. A 

molecule is diverted from its normal substrate and combines with an in

hibitory enzyme. Competitive inhibition refers to the situation in 

which the enzyme resembles the normal substrate; non-competitive inhibi

tion involves binding to a site other than the reactive one and prevent

ing substrate with altered steric configuration from combining reversibly 

with its normal enzyme.

Enzyme inhibitors affect the rate of biochemical reactions. The 

rate may be altered in a noncompetitive manner where the rate is solely 

determined by the amount of inhibitor and not by the substrate concen

tration. This would indicate that the inhibitor is attaching to the en

zyme and altering it in some fashion to render it inactive; however the 

inhibitor is attaching at some other point on the enzyme and not at the 

reactive site. This effect is found when metal atoms or ions inhibit 

an enzyme system. If the inhibition is competitive, the substrate con

centration plays a definite role. If the substrate concentration is high 

the net inhibition is low and vice versa.

Enzyme kinetics deals with the rates and mechanisms of chemical
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reactions. Rates may be measured by the rate of product formation or 

rate at which reactants are used in a chemical reaction (69). The rate 

mechanics are graphically illustrated below for competitive and non

competitive inhibition.

Variation of /V with inhibitor con- Variation of °/V with (I) for 
centration (I) for the case of non- the case of competitive inhibi- 
competitive inhibition. The slope tion. The slope now varies with
is independent of substrate concen- substrate concentration, 
tration.

Figure 1. Inhibition Kinetics

Inhibitors may also be cooperative. Enzymes which inhibit more than one 

substrate may do so by one of three molecular possibilities. First, in

hibition at distinct, non-overlapping sites (non-competitive inhihitinn), 

second, inhibition at distinct overlapping sites (competitive inhibition), 

and third, inhibition at the same reactive site (cooperative inhibition) 

(4). Free inhibitor whose reactive site peptide bond is intact is termed 

virgin; the inhibitor is termed modified when the bond is hydrolyzed (4). 

In the inhibition sequence, an equilibrium is established between the 

virgin inhibitor substrate and modified inhibitor. Virgin inhibitors 

react with enzymes faster than modified ones,.(4).

Although there are several classes of proteins, we are concerned 

with hydrolytic and specifically proteolytic enzymes in this study. They 

are responsible for catalyzing reactions such as —CONH— —COOH+

—NH^* These reactions are responsible for the hydrolytic degradation
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of proteins. Proteolytic enzymes increase the rate of hydrolysis of pro

teins by a factor of about 105, thereby reducing the time taken for di

gestive processes involving these proteins from 50 years to a few hours.

Trypsin characterized as typical substrate

Trypsin, a hydrolytic enzyme, acts only upon peptide linkages which

are not close to free amino or carboxyl groups. This enzyme, formerly 

known as a protease, is now termed an endopeptidase. The prefix ’endo’ 

indicates that the proteolytic action is confined to the interior of 

the molecule, as contrasted with exopeptidases which act on peptide 

linkages near the end of a molecule (35). To be active, trypsin re- 

quires a free amino group such as that found within lysine or arginine.
C-NHz
C c.
1
c N,Hx

C
c c.
c c

HxN z 'coon hX XCOOH
Lysine Arginine

Figure 2. Molecular Structure of Lysine and Arginine.

The bond to be broken must be a peptide, amide or ester linkage (42). 

Trypsin is a serine protease in that it contains a serine residue at 

its active site. Aspartic acid-serine-glycine have been found in chy

motrypsin, trypsin, thrombin and elastase (all inhibited by AAT). Tryp

sin catalyzes the following reaction: T+I^L^C^i:L*^±-T+I*. T, I, L 

and L*, C, and I* correspond to trypsin; virgin inhibitors; loose, non- 

covalent complexes between T and I and T and I*; stable trypsin - in

hibitor complex; and modified inhibitor, respectively. The stability 

of the enzyme inhibitor complex is due to its slow dissociation rate
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constant at neutral pH. Trypsin possesses two closely adjacent bind

ing sites; one to which charged molecules are preferentially bound, the 

other for neutral molecules. Trypsin will not degrade proteins while 

they are in their native state (42). The activity of trypsin can be 

negatively influenced by physical parameters (temperature and pH), by 

conformational changes of the molecule (denaturation), by chemical modi

fications (substitution of amino acid residues and reduction of disul

fide bridges), or by specific interactions with low molecular weight or 

naturally occurring polypeptide inhibitors like AAT (42). AAT is a 

proteinase inhibitor. The term refers to a protein associating rever

sibly with one or more proteinases to form complexes of discreet stoich

iometry in which all of the catalytic functions of the proteinase are 

competitively inhibited. The proteinase is a protein involved in cataly

sis, or molecular degradation processes such as digestion and detoxi

fication. The slow rate of dissociation of complexes is the most strik

ing characteristic of proteinase inhibitors and obviously greatly in

creases the effectiveness of the inhibitors. When the complex is formed, 

it is stable and will be present for a long time even with variable con

ditions. With exception of certain inhibitors for serum (including AAT) , 

all proteinase inhibitors apparently contain cysteine in disulfide link

ages and proline. Many contain no tryptophan. For an enzyme inhibitor 

to be classified as an inhibitor for a particular enzyme, it must com

pletely negate all catalytic functions, both proteolytic (high K^) and 

esterolytic (low K^) (4).
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Pioneer work with protein-proteinase inhibitors was done primarily 

by Kunitz and coworkers (2) who isolated and studied soybean trypsin 

inhibitor in 19^5* More recent research on proteinase inhibitors baa 

been carried out by workers in a variety of fields, and has spawned a 

huge literature. The most recent work was an attempt to understand the 

enzyme-inhibitor interaction and specificity in molecular terms (2). 

Camus, Grey and Hahn (cited in 37) were first to recognize proteinase 

activity in human serum. Landsteiner (cited in 37) showed activity main

ly associated with the albumin fraction. Schultze (cited in 37) first 

isolated AAT using a series of precipitation steps. Trypsin inhibitors 

form several homologous subclasses, rather than a single homologous 

class (4). They usually occur in groups of parallel entities with iden

tical activity but different physicochemical properties or composition 

(4). Virtually all inhibitors can be divided into two classes: lysyl 

inhibitors which are rapidly inactivated by all lysyl substitutions 

which make Lysine-X bonds resistant to tryptic attack and are slowly 

if at all inactivated by arginine modifications and arginyl inhibitors 

which are relatively easily inactivated by arginyl modifications but 

are virtually resistant to lysyl modifications (4). AAT inhibits sub- 

tilisin, a proteolytic enzyme that contains serine, histidine and as

partic acid residues at its active site in common with mammali an serine 

proteases. Comparison of the biochemical characteristics of enzymes in

hibited by AAT shows that thrombin, elastase, trypsin, .chymotrypsin, and
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plasmin are serine proteases with serine, histidine and aspartic acid 

residues at their active site. They cleave proteins at lysine or argi

nine or at aromatic or leucine residues (7). The small extent of chan

ges in optical properties on enzyme-inhibitor reaction suggests that the
I

contact area between enzyme and inhibitor is quite small (4). Reactive 

site denotes the part of the inhibitor which comes in direct contact 

with the active site of the enzymes in the stable enzyme-inhibitor com

plex (4). The reactive site of soybean trypsin inhibitor (STI) appears 

to be about the Arg-X or Lys-X bond. Evidence is given through the com

plete inactivation of STI by carboxypeptidase B (4). The only readily 

modifiable residue in the inhibitor molecule whose specific substitu

tion leads to a loss of activity is reactive site Lys 15 (4). AAT fails 

to inactivate acetylcholinesterase, a nonproteolytic enzyme whose ac

tive site contains a reactive serine residue, suggesting that this resi

due alone is not sufficient for inhibition by AAT. Treatment of AAT 

with phenylglyoxal hydrate blocks the action of AAT on trypsin but not 

on chymotrypsin. The change in activity is presumptive evidence that 

arginine residues were modified by the treatment. Antitryptic activity 

can be regenerated with removal of the blocking groups (7). The indi

cation is that trypsin and chymotrypsin are inhibited at two different 

sites on ATT and suggest that the trypsin inhibitory site contains a 

positively charged amino acid (7). The hypothesized mechanism of AAT 

involves two inhibitor sites; one with a lysine or arginine residue 

which will tend to bind the trypsin group of proteolytic enzymes and the
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other with an aromatic amino acid or leucine residue which will tend

to bind the chymotrypsin group of enzymes. In addition there is a

binding site at each location that binds to and inactivates some aspect 

of the serine, histidine and aspartic acid residues at the active site.

Physical Characteristics

AAT inhibits trypsin, chymotrypsin, plasmin, thrombin, kallikrein, 

elastase, subtilisin and protease from Aspergillus oryzae (7, 37, 38).

It was isolated and named by Schultze, Heide and Haupte (cited in 2) in 

1962 as the electrophoretic 1-globulin of human serum. They identified 

their substance with the principal trypsin inhibitor of serum discovered 

by Jacobsson in 1955 (cited in 2) . The molecule has been called 

^-glycoprotein, seromucoid de Schultze, Q(-l-a-globulin, (X-l-b-globulin, 

zone ’c', and PS-2c. It is a very labile protein with only one disul

phide bridge stabilizing the conformation of the assumed single peptide 

chain (50). The presence of two moles cysteine/mole to make one di

sulfide bridge is still disputed; some believe there is no cysteine in 

the molecule (1). Its Svedburg constant has been reported as zi),w
3.3-3.55 (38). Its molecular weight has reported values of 45,000 to 

60,000 (3, 38, 15). During purification it tends to lose a positive 

charge and form dimers. Its mean normal concentration in serum is 18 gm/10(ml. 

Alpha-1-antitrypsin is a glycoprotein with carbohydrate content between 

7.8 and 12.4^ of its weight (1). The carbohydrate moiety is com

posed of galactose, mannose, acetylhexosamine, N-acetylneuraminic
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acid, and fucose (39). It is possible that the carbohydrate functions 

as a cross-link (43). The half-life of the molecule is approximately 

three days (l). AAT is responsible for about 90% of the total serum 

trypsin inhibitory capacity (13). The other 10% of serum trypsin in

hibitory capacity is due to three other serum inhibitors (38).

TABLE 1: TRYPSIN INHIBITORS IN HUMAN SERUM

Inhibition Meant SD* 
mg/ml

Molecular Weight

AAT 212.0 ± 32.0 45,000-54,000

Alpha-Pantichymotrypsin 48.7 ± 6.5 69,000

Inter-alpha-trypsin
inhibitor 50.0 160,000

Alpha-2-macroglobulin 26.0 ± 7.0 720,000
♦
SD: Standard Deviation

Its inhibitory capacity, 0.9-1.5 mg trypsin inhibited/ml serum, suffers 

considerable loss of activity upon incubation at pH 4 or below, in di

rect contrast to the stability of the other proteinase inhibitors (3); 

The liver is the only known site of synthesis.

The proposed biological role of AAT is that of an acceptor for and 

defense barrier against some of the intracellular proteases released 

into body fluids by dying cells. Inhibition of leukocyte proteases is 

of particular interest as the survival of these cells is extremely short 

and their cell mass large (7l). Other proposed biological functions 

include regulation of the equilibrium between coagulation, fibrinolysis 

and liberation of kinins (57). Heck and Caplan (cited in 36) found AAT
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inhibits plasma thromboplastin antecedent and thus could influence clot

ting. There is some evidence that AAT is the major elastase inhibitor 

in human serum. There is an elastase-like protease found in the granule 

fraction of polymorphonuclear leukocytes (PMN) that is inhibited by di- 

isopropylfluorophosphate, possesses broad proteolytic activity, operates 

optimally at slightly alkaline pH and shows esterolytic activity against 

specific synthetic substrate for elastase. AAT has not been tested for 

inhibition of PMN enzymes. Significant suppression of the latter by 

AAT would support the hypothesis that PMN may be a mediator of emphy

sema associated with AAT deficiency (29).

Biochemical techniques for isolation and quantitation of
alpha-1-antitrypsin

Advances in biochemical techniques have accompanied gains in know

ledge concerning the proteinase inhibitor system. Immunodiffusion tech

niques have been used for quantitative purposes. When an unknown amount 

of antigen is allowed to diffuse radially from a well in a uniformly 

thin layer of antibody-containing agar for a sufficient time to allow 

all antigen to combine with it, the final area reached by the precipi

tate is directly proportional to the amount of antigen employed and in

versely proportional to the antibody concentration. Temperature at 

which immunodiffusion plates are incubated has no perceptible influence 

upon the results (52). As the test serum moves out of the wells into 

the agar in the direction of the anode, a precipitate of AAT-antiAAT 

forms in the shape of a rocket. It takes several days to reach final
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dimensions. The plates are stored under a layer of paraffin oil to 

prevent drying. The method is lengthy, and reproducibility is affected 

by variations in the plate employed, positions within a plate and 

volume differences in antigen (52). Single radial immunodiffusion 

(SRID) was first employed by Petrie (cited in 52) in his study of growth 

of bacterial colonies on a gelled media containing specific antisera. 

Oudin discovered that when an antigen was allowed to diffuse along one 

dimension in a column of agar mixed with antisera, the migration rate 

of the precipitate was: (1) proportional to the square root of the 

time for any antigen-antibody system tested, (2) proportional to the 

logarithm of antigen concentration and (3) proportional to the log of 

the reciprocal of the antibody concentration (52).

Electroimmunodiffusion (EID) has greatly speeded up the above 

methods. The plates are subjected to an electric field and move in pro

portion to their ionic condition. Using EID it is possible to detect 

AAT in as great as 1000-fold dilutions of human sera (72) . With EID 

techniques it is possible to measure AAT directly in several dilute 

biological fluids: saliva, bronchial secretaions, colostrum, urine, 

cerebrospinal and amniotic fluids (73).

Electrophoretic methods have become invaluable for work with the 

proteinase inhibitor system. Proteins are placed in a particular med

ium (polyacrylamide gel, agarose gel, agar, starch gel, cellulose ace

tate strips) and subjected to an electric field. The proteins migrate
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at a characteristic rate dependent upon their ionic form at the pH at 

which the electrophoresis is conducted. Mobility of proteins in an 

electrophoretic field may also be expressed as a function of the po

tential differences per centimeter (76). In both paper and gel electro

phoresis it is possible to detect the presence of the alpha-l-band which 

results from the electrophoretic movements of the proteins in normal 

serum. Other proteins that are clearly shown in demarcated bands are 

albumin, > B > B^, and (43). The regular finding of a retarded AAT 

fraction suggests that AAT in the plasma and/or intracellular content 

serves as a carrier (44). For sharp separations, protein-proteinase in

teractions should be prevented by a sufficiently high ionic strength.

This will decrease mobility within the electrophoretic field (76). A

system of nomenclature has been devised for AAT based on relative elec

trophoretic mobility towards the anode. It is termed the Pi system (pro

teinase inhibitor). Letters at the beginning of the alphabet indicate 

a higher net negative charge. A heterozygote for Pi and Pis has the 

genotype pAis and the corresponding phenotype MS (40).

Electrophoretic techniques must be carefully regulated. Tempera

ture is important in gel electrophoresis. The critical temperature is 

that inside the gel slab and is not easily measured. Temperature in

crease will lower the viscosity of the gel and buffer conductivity will 

increase as a consequence (76). The presence of Ca-H- in the electropho

retic system is of great importance. Precipitation lines at many antigen
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antibody systems are sharpened in the presence of Ca^(76). Different 

temperatures between upper and lower layers of gels may lead to double 

contoured peaks (76). A homozygous electric field is imperative for 

all slab electrophoresis work. Thus, a volt meter is required to mea

sure the voltage drops over the different components of the system.

The main voltage drop should be over the electrophoresis slab. Too high 

voltage jumps at the slab-contact wick interface will invariably lead 

to drying and local heating. This, as well as improper handling or 

pouring of gels (air bubbles within gels, non-horizontal interfaces, 

inaccurate pipetting), may cause a lack of homogenities in the field 

strength in the slab, yielding deformed peaks. Nonsymmetric peaks are 

qualitatively unacceptable; quantitation can still occur, but integra

tion will be difficult (76). Voltage is important. Too low a voltage 

(below 5V/cm) results in a loss of resolving power in the electro

phoresis. 5-10 V/cm results in very sharp precipitate separation but 

is too time-consuming. A fairly commonly used voltage is 20 V/cm 

(25).

In an alkaline environment AAT migrates electrophoretically as one 

major and one minor band, but separates into eight protein bands of 

various intensities in acid starch gel electrophoresis. No explanation 

is known for this phenomenon, even though this occurrence has been no

ticed in other glycoproteins near their isoelectric point (40). The 

acid pH of 5 is at the lower pH stability limit of AAT and is above 

the assumed isoelectric point of Ph 4.0, (50). Between pH 8.0 and 9.0
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the AAT migrates electrophoretically more slowly than albumin and forms 

a large part of the X^-band in both paper and agarose gel electrophore

sis (33).

The electrophoretic pattern found in heterozygotes (persons with 

two different alleles of the same gene) is equal to that found by mix

ing the serum from the homozygotes (35). Persons deficient in AAT syn

thesize an altered form of this glycoprotein as described by electro

phoretic and immunochemical techniques (68). Serum from individuals 

with severe AAT deficiency usually contains a very slow-moving AAT (Pi ) 

in an amount lO-^i-O^ of that in the ’normal' serum type, PiM, (75). The 

pattern for the heterozygote can best be explained by the presence of 

two electrophoretically distinct but antigenically identical species 

of AAT (37). The electrophoretic technique may not detect mutant types 

in which the net charge on the protein molecule has not been altered. 

Such variants may be detected if the mutation causes a significant 

change in the molecular weight or in the protein concentration of the 

allele product in serum when compared to the MM phenotype (l^t).

Kueppers and Bearn (cited in 36) used a vertical starch gel with 

a continuous acetate buffer at pH ^.95. The pattern obtained showed 

the heterogeneity of the inhibitor. Later Fagerhol and Laurell (76) 

used a discontinuous buffer system in the first starch dimension and 

observed 12 clearly resolved trypsin inhibitor variants. Laurell and 

Nilehn combined an alkaline borate buffer with starch gel in the first
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dimension and antibody-agarose in the second dimension to study abnor

mal albumin variants (76). An electrophoretic method using starch gel 

instead of agarose gel has several advantages: the general procedure 

is simple, allowing two electrophoretic migrations on the same sheet 

and without any special material (Fig. Ill and IV). Due to low vol

tage, electrophoresis for hours is possible without cooling, and the 

physical and chemical characteristics of the support permit a good 

evaluation of the degree of electrophoretic heterogeneity (66). Starch 

gel is mixed, poured onto a glass plate and allowed to mold to a uni

form thickness (55) • The anodic buffer is citric-acid-Tris. The 

cathodic buffer is H^BO^/NaOH. The run is executed at UOOV/gel (20 x 

l6V x 0.5cm). The gel is sliced with fishing line and stained with ami

do black (57) •

In agarose gel, AAT resolution proved optimal around pH 5*15 with 

anodal mobility for all five major bands. An increase to pH 6.0 re

sulted in increased mobility and decreased resolution (50). Agarose 

gel is prepared from agar by removal of charges within agar, thus les

sening endosmotic flow, an important factor in resolution. The pre

cipitation peaks in agarose are sometimes distinct enough to be mea

sured directly under dark-field illumination, but the gel should be 

dried and stained to facilitate evaluation of the heights of the peaks 

(^9). In the agarose technique, the gel is pipetted into the mold at 

a uniform thinkness of 1 mm. The risk of irregular migration of the 

precipitation front increases with gel thickness. The gels should not
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Fig. 4 Graphic Presentation of Starch Gel Electrophoresis
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be kept in the mold for more than a few hours. The gels should be used 

immediately, after the molds are opened, but can be stored in a moist 

chamber for at most 2 hours. Any time in excess means the gels should 

be discarded (49).

Laurell (43) devised an accurate method of quantitation by forcing 

antigens (electrophoretically) into a gel containing a monospecific anti 

serum (Fig. V). Precipitate cones are formed proportional in surface 

area to the amount of antigen and inversely proportional to the anti 

body titer (76). Area measurement increases in sensitivity as lower 

antibody titers are used (76). Some of the uses of the immunoelectro- 

phoresis are: studies on hereditary polymorphism, analysis or micro

heterogeneity, demonstration of complex formation, analysis of fragmen

tation of proteins and demonstration of abnormal fractions (23). Quan

titative immunoelectrophoresis (QIEF) can be run only when the anti

bodies in the gel can be kept stationary while the antigens are forced 

to move (76). In Laurell’s technique (76), unbound antigen within the 

conical head migrates into the zone of antigen-antibody precipitate and 

redissolves the complexes in the front. The leading precipitate zone 

is displaced toward one of the electrodes at a rate decreasing with 

that of the disappearance of free antigen. With this technique, it is 

possible to detect even very small variations in electrophoretic mo

bility corresponding to a single charge unit in proteins with a molecu

lar weight of up to 100,000. The sharpness of the peaks varies with 

the diffusion constant of the protein and the rate of development of the
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Fig. 5 Antigen-Antibody Crossed Electrophoresis
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precipitate. Very sharp peaks are not desirable since the end point is 

then difficult to determine. Prolonged electrophoresis with decreased 

voltage results in continued spreading of the antigen by diffusion and 

rounder peaks (49).

Antigen-antibody techniques have been extended to arrive at a 

method for phenotyping. Two-dimension gel electrophoresis (antigen- 

antibody crossed electrophoresis) is a method by which materials, after 

being electrophoresed in one direction, are turned 90° and placed again 

in an electrophoretic field, thereby allowing finer separation of the 

particles (23). The proteins are run in agar, starch or acrylamide for 

the first dimension, then in agarose gel containing antisera. By use 

of antigen-antibody-crossed electrophoresis it has been shown that each 

phenotype contains six zones. The relative positions of these zones

remains relatively constant, but the distance between the zones of a 

phenotype decrease with increasing migration rate of the phenotype 

(15). The technique however, is a laborious and expensive one to be 

applied routinely (44).

AAT may be quantitated in terms of activity units—mg of trypsin 

inhibited per ml serum. The basis for most methods measuring serum 

trypsin inhibitory capacity (STIC) is that hydrolysis of substrate is 

linear with enzyme concentration. A known excess amount of trypsin is 

mixed with serum and enzymatic activity of that trypsin not complexed 

by serum inhibitor is measured. A comparison of this with activity of 

known trypsin solution in the absence of serum provides a means of
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estimating the STIC. Time, pH and temperature are three important fac

tors in the assay. Trypsin activity is optimum above pH 8, but above 

pH 6 trypsin solutions are inactivated by autolysis. One ml of normal 

serum inhibits approximately 1.2 mg of trypsin and approximately 90% 

of the total serum inhibitory capacity can be ascribed to the activity 

of the AAT. Moskowitz (57) conducted serum antitrypsin assays using 

BAPA (benzoyl-D-L-arginine-p-nitroanilide) as substrate. The release 

of p-nitroaniline by the action of trypsin on the substrate was mea- 

sured spectrophotometrically and inhibitory action expressed as mgm 

trypsin inhibited/ml serum. Another method of antitrypsin assay uti

lizing casein was based on spectrophotometric measurement of decreasing 

amounts of split products released by trypsin hydrolysis of the sub

strate (57).

Genetics of the Pi System

AAT is inherited by a series of codominant alleles, similar to the 

mode of inheritance of blood groups (72). Preliminary family studies 

suggested that the phenotypes could be explained by simple Mendelian in

heritance and the existence of multiple codominant alleles at a single

autosomal locus (18). (Fig. VI)
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The inherited variants of the Pi system probably reflect alterations in 

molecular structure of the protein; therefore some of the variants may 

be associated with abnormal function of the protein (13). Fagerhol (24) 

assumes point mutations are responsible for variants. Other variations 

may cause differences in molecular size or shape or carbohydrate com

position (24). The mutation causing differing phenotypes must influence 

the charge of the AAT molecule but not the rate of synthesis or elim

ination (2). Kueppers (37) observed that alleles M and Z acquire the 

same electrophoretic mobility after exhaustive incubation with neur

aminidase. If this is verified with direct chemical evidence, one could 

assume amino acid substitution at the attachment site of the carbohy

drate side chain.

In large families there appear to be three distinct groups of in

dividuals: a deficient, an intermediate and a normal group. Some of 

the intermediates tend to overlap into the normal range. This presents 

a problem in genetic typing (72).

Homozygotes for deficiency AAT (PiZPiZ) have AAT levels of 25-6mg/100nl

serum; Pi Pi have levels of 120 46 mg/100 ml, and homozygotes for the

normal level produce 212^32 mg/lOOml (Pi^Pi^) (36) . Some studies have

suggested that the alleles PiP, PiS, PiW and PiZ may result in about 25,

65, 70, and 15%, respectively, of the amount of serum AAT as compared with 

M
Pi . (17). Phenotypes SS, SZ, and ZZ have been found in unexpectedly high 

numbers of patients with pulmonary diseases. All of these phenotypes are 

characterized by abnormally low AAT serum concentrations (17). Hetero

zygotes with MS and MZ intermediate levels may be predisposed to chronic

22



obstructive pulmonary disease (COPD) in a lesser degree. The dis

tribution of AAT among the Pi zones is different from the normal in 

serum from subjects of phenotypes SS, MZ, MS, and ZZ (19). Phenotype 

MZ is not associated with COPD to the same degree as phenotype SS, al

though the two maintain the same concentration in serum. If an abnor

mally high frequency of type SS is found In even larger numbers of 

patients with pulmonary disease, it may suggest that either the PiS allele 

product is functionally deficient or persons of phenotype SS may be 

unable to Increase concentrations of AAT adequately in response to inflam

mation (17). Studies have reported phenotypes MM and MZ have the same 

halflife indicating equal elimination rates. Response to typhoid vaccine 

and diethylstilbestrol decrease in order of magnitude from phenotypes 

MM, MZ, MS and no response is observed in phenotype ZZ (24). The Z 

type may have a low synthetic rate or it may be that a release or sec

retion mechanism is blocked in the liver (24).

Fagerhol and Laurell (13) have identified 23 phenotypes made up 

of the following alleles: B, E, F, G, I, L, M, N, P, S, R, V, W, X, 

and Z. M is the most common allele. There is a silent allele, Pi-,

for which no detectable serum AAT can be found. There is some indi

cation that allele Z carries less sialic acid than allele M (38). This

lends support to the blocked release mechanism in the liver theory.

Eriksson (11) calculated gene frequencies in Swedish populations, 

finding 0.024 for F(a), 0.976 for f(A) and 0.047 for f(Aa). These 

would probably correspond to ZZ, MM and MZ phenotypes. The most common
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allele is Pi^ in Northern and Central European populations and in North 

American whites (40). The largrest group ever screened consisted of 

28,330 Norwegians with gene frequencies of 0.023, 0.016, and 0.013 for 

PiS, PiZ and PiF, respectively. Swedes and Georgians had PiZ frequen

cies of 0.024 and 0.01 (18). Whites from San Francisco had frequencies 

of 0.98, 0.02, and 0.0025 for Pi^, Pi$ and PiZ. Frequency of Pi$ was 

high in Spaniards, 0.112, with other frequencies close to those quoted 

for the Norwegians. Frequency of PiS was also high in Portugal, 0.14. 

Among Lapps and Finns, Pi$ allele frequency is very low. In 68 Tibetans, 

90 Koreans and an Indian group, no PiS allele was found. It is not 

known whether these differences are due to selection or drift (38). 

Regional variations in phenotypes are not detectable. This is due in 

large extent to the high degree of mobility of modem populations (1).

The frequency of Pi Pi genotype in older population is lower than 

expected, due to some of the population dying of pulmonary emphysema 

or liver disease at an early age (1) . Frequency of PiF is high in 

Icelanders. It is difficult to compare PiZ frequency due to early elim

ination of these alleles in all populations. There is an excess of 

Pi variants observed in patients with sex chromosome mosaics (24).

The significance of antitrypsin polymorphism is unknown. It has 

been suggested that low levels of the inhibitor may promote fertili

zation of the ovum (cited in 65). Schumacher and Pearl (cited in 65) 

found a sharp decrease in proteinase inhibitor levels at cervical mucus 

just prior to ovulation. Fagerhol and Gedde-Dahl (cited in 65) found
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an increased frequency of Pi variants among women with many children. 

Trypsin and trypsin inhibitors can influence the fertilization of sea 

urchin eggs. Excess trypsin activity leads to double fertilization. 

Proteinase inhibitors may be involved in the phenomenon of anaphase lag 

The first cell divisions after fertilization are considerably acceler

ated by trypsin (71). Polymorphism at the Pi locus could be due to 

positive selection of variants which increase fertility. The presence 

of unusual AAT, by favoring nondisjunction during meiosis, may have 

contributed to an increase in the genetic material and information con

tent of some germ cells, resulting in a possible advantage in evolution 

(57).

There is some evidence that loci and Pi are linked (24). There 

is no evidence of linkage with ABO, Rh, P, MNSs, Duffy or Kidd blood 

groups nor with Gc or Hp serum groups (56) .

Correlation of alpha-l-antitrypsin with emphysema

Although AAT inhibits many proteins, its physiological function 

is not known. The fashion in which AAT contributes to the overall run

ning of the body is not definitely known. The effects of a severe 

AAT deficiency have been well documented (11). Pulmonary emphysema, 

infantile cirrhosis and infantile respiratory distress syndrome (IRDS) 

have been correlated with severe AAT deficiency (56). Documentation 

is less clear in the correlation of disease in the more common hetero

zygous state at the Pi locus. The heterozygous state produces inter

mediate AAT levels (11). The danger is in the coupling of smoke, air
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pollutants, dust, or other inflammatory agents with this mild defi

ciency and producing cumulative effect. Elevated AAT levels have been 

associated with other inflammatory conditions, such as asthma, and 

some pancreatic and nephrotic diseases (1). Many thoughts on the pos

sible mechanism for the function of this inhibitor have been formulated 

and several explanations for the apparent deficiency of this enzyme 

inhibitor have been postulated (57).

Emphysema is defined in anatomical terms as an increase beyond the 

normal size of the air spaces distal to the terminal bronchiole with 

consequent destruction of the walls (11). There are several types of 

emphysema. Tractional or perifocal (paratractional or paracicatricial) 

is a focal dilation of air spaces with accompanying destruction of their 

walls, involving part of whole pulmonary lobules adjacent to the areas 

of persistent scarring (67). Centrilobular emphysema occurs with cen

tral septal destruction in the lobule while the alveoli in the periphery 

of the lobule are normal (67). Generally only the upper two-thirds of 

the lungs are affected. Panlobular emphysema is the term to describe 

destruction over the entire lobule (67). The lungs are voluminous and 

the tissue is pillowy to palpitation. Emphysematous lobes are pale due 

to compression of blood supply (67). Compensatory emphysema is a dila- 

tion of the alveoli in response to a loss of lung substance elsewhere 

(67). There are other types of emphysema, such as senile, focal and 

localized, or bullous, but much of the emphysema encountered with an 

AAT deficiency is panlobular or centrilobular (67).

26



The clinical features of AAT deficiency emphysema are: early age 

of onset, higher than expected ration in females and progressive dys

pnea with a lack of clinical chronic bronchitis in the early stages of 

the disease (73). Individual symptoms of this disease are: dyspnea 

with or without cough (primary symptom), weight loss, barrel-chest, sit

ting forward in chair in effort to squeeze air out of lungs, pinched 

face, pursed lips, and slowing of forced expiration (67). As with many 

diseases, emphysema itself, is not the usual cause of death. Death 

results in most patients due to right-sided heart failure, respiratory 

acidosis and coma, or massive collapse of lungs, secondary to pneumo

thorax or a peptic ulceration (67). The pathogenesis of emphysema and 

its correlation with AAT levels in blood plasma is not known.

AAT deficiency does result in the development of severe, diffuse, 

panlobular emphysema (67). The pattern is bilateral and usually dis

tributed in the basilar portion of the lungs (67) . Some cases have been 

designated predominantly panlobular with coexistant centrilobular emphy

sema noted. Bullous emphysema is present in some instances as well 

(67). In most cases, the emphysema is most severe at the lung bases.

In others, it is evenly distributed and, rarely, it is in the upper part 

of the lungs (73). Microscopic analysis o'f an emphysematous lung re

veals several abnormalities. Aberrant fenestration in walls of alveoli

with complete destruction of the septal walls is present. Loss or dimi

nution of basal vascular markings, and breakdown of elastic tissue re

sulting in decreased recoil force and a reduction in diffusion capacity
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is noted in AAT deficient emphysematous individuals. There are changes 

with the septa of respiratory bronchioles, alveaolar ducts, and alveo

lar spaces. Fusion of adjacent alveoli which results in even larger ab

normal air spaces is prevalent in later stages of the disease. These 

can be determined by changes in lung roentgenograms which reveal a pro

gressive increased radiolucency of lung fields beginning at the lung 

bases (72). Deterioration of the lung is often more rapid in AAT-defi

cient individuals than in normal emphysematous persons (38).

There is little doubt as to the correlation between AAT homozygous 

deficient individuals and pulmonary emphysema. Eriksson (ll) found 20 

homozygotes among 295 patients with COPD (chronic obstructive pulmonary 

disease is a general classification for ailments of the entire respira

tory system.. These ailments include bronchitis, emphysema, asthma, etc.). 

The expected gene frequency was less than one (ll). The case of a 24 

year old man with no detectable AAT clouds the issue. There is evidence

of this effect in four generations of his family; however, no other liv

ing member of his family has emphysema nor liver disease, no children 

died in infancy, and none of the deceased members of the family died 

or lung or liver disease (75)• Cases of this nature have led some to 

question the significance of AAT levels in the etiology of pulmonary em

physema (43).

The major thrust in the investigation of AAT is directed toward 

those heterozygous individuals possessing intermediate levels of AAT. 

Pulmonary emphysema has been found in heterozygotes in many studies (57)•
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There are some differences between the heterozygous emphysema and the 

homozygous variety. AAT levels were higher in heterozygous individuals. 

Serum trypsin inhibitory capacity, (STIC) values were approximately 0.4 - 

O.78 units (mg trypsin inhibited/ml serum) in heterozygotes, while in 

homozygotes the STIC values were approximately 0.14 - 0.28 units (25).

One half of the homozygotes were women; however, in the heterozygous 

class, the men predominated in number. Heterozygous individuals were 

significantly older. Some of the homozygotes had never smoked, but all 

of the heterozygotes had smoked, some reporting over 35 pack-years. Smok

ing has not been implicated in a significant number of patients with 

COPD and AAT deficiency (57)•

It appears that in the case of most heterozygotes, some initiating 

factor is needed. Environmental variants have an increased influence

over these individuals as compared to normal persons. External factors 

such as age, pollutants, dust, smoke, cigarettes and other inflammatory 

agents may result in an increased chance of COPD development; however, 

an inflammatory reaction is not an obligatory feature of alveolar wall 

destruction in human emphysema (57)• Protease inhibitor deficiency may 

be associated with alveolar destruction and these lesions may render in

dividuals susceptible to the harmful effects of environmental factors 

(57).

Age is a factor in the development of pulmonary emphysema. Pulmo

nary emphysema usually begins late in the life of normal persons, i.e., 

the sixth or seventh decade. The disease occurs much earlier in those
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individuals with an AAT deficiency. In one infant homozygous deficient 

girl, all the symptoms of early pulmonary emphysema were observed at 18 

months. She had developed a chronic dry cough and wheezing suggestive 

of incipient pulmonary lesions (73). The age of onset of pulmonary symp

toms, in those individuals with an AAT deficiency, is usually during 

the third or fourth decade of life (73). Ninety percent of those in

dividuals with the low AAT levels, who have reached the age of 50 years 

have COPD symptoms and often well defined emphysema (37). Some obser

vers have detected an increased influence from age in men as compared to 

women (37). This has been explained by the frequency of chronic ciga

rette smokers in men as compared to women (37). The majority of inves

tigators think that there are no sex related differences in the occu

rence of AAT deficiency and COPD. There is no correlation between the 

deficient state of AAT and normal life, although a deficiency in the

inhibitor may result in a decreased resistance to other diseases.

Correlation of alpha-1-antitrunsin with liver disease

Low AAT concentrations have been found in several cases of advanced

liver cirrhosis (43). Sharp (cited in 44) noticed a connection be

tween severe infantile cirrhosis and AAT deficiency in individuals who 

did not have pulmonary disease. He reported 13 cases of biopsy-proved

hepatic cirrhosis in infancy. It is virtually certain that these in

fants were Pi ZZ homozygotes (44). Sharp felt that only a certain pro

portion (as high as 20-30%) of AAT-deficient persons of ZZ phenotype 

would develop hepatitis or cirrhosis (40). No uniform type of liver
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disease was found in the infantile case of liver cirrhosis in AAT de

ficiency (3). There have also been scattered reports of cirrhosis of 

the liver and fibrosis in adults with AAT deficiency, but the frequency 

is unknown (40). Other investigators feel that reduced characteris

tics of AAT in serum may be found in cirrhosis of the liver, but the 

low value of AAT levels in some persons is not a characteristic finding 

in liver cirrhosis (53). One investigator (25) found that in both al

coholic and cryptogenic liver cirrhosis, AAT levels proved to be normal 

or slightly increased as compared to normal. At most, one in 10 chil

dren with the deficiency will have hepatic diseases (3). With one excep

tion, homozygous deficient members of 13 families with infantile cir

rhosis had no signs of COPD (3). It has been postulated that the two 

diseases, an adult form with pulmonary lesions and an infantile form 

with liver cirrhosis, are linked to this genetic defect (3).

Other possibly related diseases

Neonatal respiratory distress syndrome (RDS) has also been associ

ated with low levels of AAT. Evans (cited in 37) reported low AAT 

levels in 12 of 14 infants with RDS. Initially the hyaline membranes 

in lungs show very strong staining with fluorescein-labled antibody 

specific for AAT indicating that initially low AAT levels may be explained 

by adsorption to hyaline membranes and that AAT levels return to normal 

after the membranes disappear (38). The patient would improve clini

cally if AAT levels returned to normal in 0.25 four days after birth.
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Hyaline membrane disease (HMD) has also been associated with low 

levels of AAT. AAT and AAT/TP (total protein) ratios were significantly 

lower (p less than 0.01) in infants with HMD than in those with non HMD 

respiratory distress (53). In those patients whose conditions improved, 

the AAT levels were high on the second day and continued to rise for a 

few days afterwards (53). This early deficiency coupled with other fac

tors may play a primary or secondary role in the evolution of HMD.

Variations in concentration of AAT have been found in several other 

physiological abnormalities such as the nephrotic syndrome, erythro

blastosis, and infants of diabetic mothers. In patients with mucovis

cidosis, which is characterized by low activities of digestive enzymes, 

(especially trypsin), normal amounts of AAT have been found (15).

Other considerations

Artificial COPD inducers

Several artificial agents have been isolated which can cause emphy

sema-like diseases. Most work of this nature is an attempt to dis

cover the mechanism of AAT action. Emphysema-like disease can be caused 

in animals by continuous exposure to subacute levels of NO^ such as that 

found in cigarette smoke and polluted air (57). Due to cellular in

jury from N02, proteolytic enzymes may be introduced into the pulmonary 

air spaces by leakage of plasma from the capillary bed, by discharge of 

cytoplasmic material from alveolar cells or by the dissolution of the 

alveolar cells (57). This is the normal body defense against an inflam

matory agent. Any excess proteolytic enzymes are inactivated by serum
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protease inhibitors. Papain is another inflammatory agent that has been 

studied extensively. It has been injected into rats, hamsters and dogs 

and the effects have been studied. The effects of inhalation of papain 

through an aerosol have also been studied (57). Papain is unique in 

that the lesions which it causes are confined to lung parenchyma and 

leave the bronchial tree intact (57). Papain appears to work on the 

elastin found within lung tissue. The decreased dynamic performance of 

the papain lung may be due to a loss of the tethering properties of al

veolar walls to the airway, rather than a change in the viscoelastic 

properties of the airway wall. This would cause the alveoli to be un

stable at normal maximal expiratory flow levels (57). Vascular changes 

in capillaries were prominent suggesting a capillary loss may have been 

the primary event in enzyme-produced emphysema (57). After the pri

mary lesions have occurred, stimulants to serum antitryptic activity 

do not prevent the ultimate occurrence of papain-induced emphysema. The 

disease may be temporarily delayed or neutralized by increased levels 

of serum antitryptic activity. This can result from many different 

stimulants, such as progesterone (57), or some inflammatory agents. The 

delaying effect may last 2-5 weeks at most, then there is a loss of pro

tection (57). Pulmonary emphysema has also been associated with expo

sure to cadmium. Chowdhury and Lowria (6) investigated the effects of 

trace metals on AAT. Cadmium was the only trace metal that reduced the 

AAT concentration and decreased the trypsin inhibitory capacity (6).
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A causal relationship between AAT deficiency and COPD may be ex

plained by: l) too low concentration of AAT in serum, 2) presence of 

a functionally deficient protein, or 3) a combination of l) and 2) (17). 

Even in the case of the ZZ homozygous deficient phenotype, studies sug

gest that one or more accessory factors are necessary for the develop

ment of pulmonary emphysema, e.g., inflammatory processes in the lung 

(32). All homozygotes do not develop pulmonary emphysema. The risk of 

developing pulmonary emphysema in these individuals and those persons
I

possessing intermediate levels of AAT is increased. The reason for this 

increased chance of pulmonary emphysema is not clearly understood. It 

is known that during bacterial infections and inflammatory reactions in 

the respiratory tract, the level of AAT increases drastically, indica

ting a need for this proteinase inhibitor during some stress situations 

(32).

Possible mechanisms

Reduction in serum level AAT concentrations might occur as a result 

of a shortened half-life of that amount of abnormal glycoprotein that 

has escaped intracellular degradation and is released into the blood 

stream. Many studies tend to disagree with this type of thinking. The 

degradation rate of labled AAT (by removal of sialic acid residue) has 

been monitored and compared to that of another person who had received 

M+7 ml of fresh plasma containing 722 mg of AAT (68). The degradation 

rates of both the normal and the abnormal AAT were the same. In both

cases, 90% of the turnover of AAT was within the first 2 days. Degrada
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tion was linear for the remaining 10% of the AAT. The author concluded 

that the catabolic rate of normal AAT appears to be the same in AAT- 

deficient and normal individuals (36).

Eriksson (11) hypothesized that AAT may be necessary to protect 

the pulmonary tissue from digestion by proteolytic enzymes liberated 

from leucocytes, macrophages, or microorganisms (17). The leukocyte is 

a naturally occurring source of endogenous proteolytic enzymes to which 

the lung is normally exposed (14). Leukocyte proteinases are a mixture 

of many enzymes including trypsin-like chymotrypsin-like and elastino- 

lytic-like fractions (55) . AAT has been shown to inhibit pancreatic 

elastase and normal proteolytic activity of human leukocytes. It is pos

sible that the lung captures polymorphynuclear white blood cells which 

then die within the lung and release their proteases. There may be in

sufficient AAT to handle these proteases in ZZ deficient individuals 

with resultant digestion of the lung (31). In support of this hypothe

sis, it was demonstrated that noxious substances such as cigarette smoke 

can cause immobilization of leukocytes and degradation of intracellular

membranous structures. This could lead to lysis of lung leukocytes with 

subsequent release of their intracellular enzymes (55, 57). In other 

experiments, animals have inhaled proteases as an aerosol and emphysema

like lesions were produced in the lungs. This could result not only 

from decreased AAT levels but also from the presence of excess proteolytic 

enzymes resulting from body reactions to lung irritants such as pol

lution, dust, smoke, etc (40). Enzymes released in the lung as a result
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of inflammation would probably concentrate in certain areas. This could 

explain the progression from chronic bronchitis to pulmonary emphysema 

(38). They may have a more deleterious effect on AAT deficient persons 

than on those with normal AAT levels. The uninhibited enzymes might 

also destroy the fibrin network that would be present at an inflammatory 

site, thereby enhancing the spread of infection in the airways. This mech

anism would account for patchy bullous emphysema, but it does not ex

plain the regular panlobular emphysema seen in many homozygotes (57).

This could be explained by the sequestration of leukocytes in the lung 

capillaries. Since blood flow is greater in the lower zones (area of 

capillary network of alveoli), the capture of leukocytes would be more 

prevalent in the lower regions as compared to the upper lobes. This 

would explain the high rate of pulmonary emphysema in the basel portion 

of the lung (38, 57). It is possible that normal lung function would 

be harmful to the vascular walls in the absence of AAT. AAT deficiency 

would increase the possibility of proteolytic destruction of surfactant 

which is in the epithelial lining of respiratory bronchioles, alveoli 

and pulmonary capillaries (53). This would increase the possibility of 

lesion formation (57). Although this would be a contributing factor, it 

cannot be the entire reason for the development of emphysema of all types 

in AAT-deficient persons, since not all homozygous deficient individuals 

develop the condition (5). Factors such as aging, weather, smoke, dust, 

pollution, etc. must play a vital role in the development of pulmonary 

emphysema. Pathogenesis of COPD could depend on the ratio between pro

teolytic enzymes and AAT. Some COPD individuals might be genetically
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normal and yet have too many proteolytic enzymes (38). There are other 

proteases that could potentially destroy lung tissue. Among these are 

trypsin, alpha-chymotrypsin, papain, lipase, phospholipase c and others.

At physiological pH, these proteases could have three types of activity,

1) degradation of native protein, 2) degradation of denatured protein, 

but not on native protein or 3) breakdown of fibrous tissue. AAT action 

would be essential in the case of trypsin. It is not cleared from the 

body by the Kupffer cells (purification cells found within the liver).

In the absence of clearance by the reticuloendothelial system, trypsin 

inactivation depends totally on serum factors (57). Proteinases' destruc

tive effect may not be solely due to their effect on connective tis

sue in lung parenchyma, but also due to their specific and nonspecific 

attack on susceptible structural lipoproteins and functional enzymes of 

the lung cellular population (57). AAT may be the regulatory agent of 

the intracellular proteases and blood clotting proteolytic enzymes which are 

constantly being transported in the bloodstream (57). Human lung tissue, 

unlike bovine lung tissue, does not possess a special proteinase inhibitor. 

Thus the lack of the main serum proteinase inhibitor might be expected to 

cause damage to the lung during an inflammatory process (32). The role 

of AAT is critical in the prevention of lung digestion by proteolytic 

enzymes and yet it is not the only determining factor in the formation of 

COPD, as can be evidenced by the presence of healthy homozygous deficient 

individuals (57).

Low levels of AAT have been associated with the inability to transfer
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AAT out of the liver and into the serum. The liver is the only known 

region of AAT synthesis. As a result, much study has gone into the 

mechanism for AAT synthesis and transfer into the bloodstream. Some in

vestigators feel that the problem is in AAT production. Even during 

inflammatory reaction, when AAT levels rise, the levels found in ZZ in

dividuals usually do not attain levels of the intermediate (35, 72).

Most current thinking places more stress on the improper transfer of AAT 

from liver. It is possible that the abnormal "Z" variant has difficulty 

in transfer due to an abnormality in carbohydrate or protein portions

of the molecule (68). Bell and Carroll (cited in 41) suggest that the 

AAT produced in the deficiency state is the asialo-derivative.

The active transport of this molecule across the plasma membrane

is inhibited as a result of insufficient sialylation of AAT, which re

sults in an accumulation of the asialo derivative of AAT within the

liver (41). There are differences between liver AAT and serum AAT.

The most important is a complete lack of sialic acid in liver AAT, as 

well as a relative deficiency in all other carbohydrate components.

This is supported by the agreement between missing carbohydrates and the 

molecular weight differences of the two varieties (31). Sufficient 

quantities of CMP-N-acetylneuramic acid: Asialoglycoprotein sialyltrans 

ferase are required for secretion of AAT (41). Even though the phys

iological function of this transferase is not clearly understood, lack 

of it could cause the buildup of inclusion bodies within those persons 

who are either homozygous or heterozygous deficient for AAT. Release of
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AAT might occur on the face of the Golgi secretory body (68) . A build

up of PAS (periodic-Acid-Schiff stain) positive inclusion bodies within 

the ribosomal endoplasmic reticulum presents a difficulty with this hy

pothesis (3, 31, 40, 41, 57). In addition, the golgi membrane sialyl- 

transferase, which is responsible for the Intracellular secretion of 

AAT, is in normal or greater than normal concentrations in "ZZ" homozy

gous deficient individuals. These amorphous inclusion bodies do react 

strongly with antibody prepared specifically for AAT (41). Through the 

use of fluorescien-conjugated rabbit antibody (72), which complexes with 

AAT, continuous monitoring of the take up of the antibody is possible.

The most intense fluorescence was observed at the peripheries of the 

globules (63). As compared to.the. AAT of plasma of normal type (MM),, 

the hepatic glycoprotein from these inclusions is severely deficient in

carbohydrate components. It completely lacks sialic acid, and has an 

essentially similar polypeptide core (31). This has been interpreted to

mean that an error occurs in the biosysthesis of the antitrypsin pep

tide that precludes normal glycosylation (31). Although the inclusion 

material has an immunological Identity with AAT, the material will not 

inhibit proteases and therefore it cannot be quantitated through a func

tional assay on that basis (31).

Another possibility for low AAT levels of deficient individuals is 

that the hepatic cathepsins (intracellular protein proteinases) digest 

the AAT before it is released. Lysozymic activity could also play a

role. The enzymes released by these bodies are not inhibited by AAT as
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lung macrophage enzymes are, and therefore degradation of AAT could

occur.

Another explanation as to why AAT levels appear low in deficient 

persons is that the AAT produced is functionally inadequate due to al

teration in the molecular structure of the protein (17). Phenotype 

MZ does not seem to be associated with disease even though the AAT con

centration is as low in these individuals as in those persons with type 

SS which has been associated with COPD (17). This would indicate the 

possibility of a functionally deficient product from the S allele or 

possibly that SS individuals cannot increase their AAT levels in time 

of inflammatory crises (17). This conclusion is supported by the occur

rence of a differential migration rate through a Sephandex G-200 column 

of the bound AAT of homozygotes as compared to that of normal AAT (45). 

The component bound by a homozygote deficient has a lower molecular 

weight than trypsin and is firmly bound (45). This is contradictory to 

the usual method of AAT binding.

In addition to AAT, there are other protein proteinases which could 

play a role in the development of pulmonary emphysema. Elastin is one 

such proteinase. Polymorphonuclear elastase may be a mediator of emphy

sema associated with AAT deficiency states (23). The bulk of this en

zyme is inhibited by AAT in normal sera (23).

Hunter (cited in 57) speculates that AAT deficiency may hasten the 

metabolic turnover of connective tissue fibres, and thus the changes of 

aging, which would lead to emphysema. Enzyme studies of the elastase 

complex indicate a role in the aging of elastic tissue and the genesis of
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arteriosclerosis, lung emphysema, and other diseases in which there 

are changes in elastic tissue components (57). The fragmentation and

rupture of connective tissue which has been observed in emphysema is
I

associated with a concurrent loss of elasticity in the lung tissue.

The remaining 10% of the serum protein proteinase action is a re

sult of predominantly alpha-2-macroglobulin, orosomucoid and the inter- 

alpha-l-trypsin inhibitor. Individuals with an AAT deficiency and yet 

no detectable signs of COPD might have increased levels of one of these 

other proteinases (22). Alpha-2-macroglobulin is proportionally more 

effective against trypsin than AAT (57). More investigation is needed 

in this area before any conclusions can be drawn.

Possible diagnosis and therapy

Many investigators have definitely correlated the deficiency of 

AAT found in homozygous (ZZ) deficient individuals, with COPD (57).

In addition, some have found an increased tendency of COPD in those 

individuals who are heterozygous deficient for this allele. Due to 

this correlation, some feel that wide scale screening for the hetero

zygous condition should be attempted. Quantitative screening of AAT 

can be relatively simple. Through the use of a D.V. spectrophotometer 

(26) or through a test using pH-color change (56), it is possible to 

detect the presence of a deficiency in AAT activity levels. The goal 

of such an effort would be to inform those persons with an AAT defici

ency of the increased risk of COPD development. These persons could 

then avoid cigarette smoking, pollution, inflammatory agents, etc. In



most cases, this in itself would be sufficient to limit the development 

of COPD.

There are several artificial agents which can yield the same effect 

as AAT. Many low molecular weight inhibitors of trypsin are being in

vestigated such as l-chloro-l-tosylamido-7-amino-2-heptanone, p-guanidi- 

nobenzoic acid esters, p-aminobenzamidine and bisacrylamidines (57). 

Several compounds containing positively charged amino, aminomethyl, guani 

dino or amidino side groups are being studied (57)• These side groups 

endow the inhibitor with an affinity for the specificity site of the 

active center of the enzyme (25). Much attention has been focused on 

this type of study due to the potential application in pathological con

ditions such as pancreatic intravascular coagulation and transplant re

jection.
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METHODS AND MATERIALS

Introduction

Spectrophotometric analyses as described below were performed 

according to the method of Homer (26) with major modifications. A 

Beckman, Model DU Spectrophotometer was used.

For all the studies on serum trypsin inhibitory capacity, trypsin 

solutions were prepared fresh daily. The trypsin and BAEE (benzoyl-1- 

arginine-ethyl ester) solutions were kept on ice prior to analysis. 

Acidity in the buffer solution led to degradation of the BAEE, there

fore buffer pH was determined periodically and adjusted to neutral.

■ ■ W ' ,># ■ ; ■,
Enzyme Assay

Three ml of BAEE were pipetted Into the control and three test

cuvets and the spectrophotometer balanced at 253mm. Two-tenths ml of

0.0025 M HCL was added to the control cuvet which was then inverted

with aid of a parafilm cover to insure complete mixing of the compo

nents. Three different levels of trypsin solutions were mixed in test 

tubes: 1) 0.1 ml trypsin solution, 0.9 ml HC1 solution; 2) 0.2 ml tryp 

sin solution, 0.8 ml HCl solution; 3) 0.3 ml trypsin solution, 0.7 ml 

HGl solution. In rapid succession, a 0.2 ml volume from a tube was 

added to a test cuvet. A stopwatch was started after mixing the con

tents by inversion. Readings were taken every 10 sec. for 2 min. The 

reaction of BAEE degradation by trypsin is linear over this period with 

the rate of esterolysis proportional to enzyme concentration. An 

enzyme assay curve was then plotted (Fig. VIII). This standardization 

curve was used to calculate serum trypsin activity.
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Serum Assay

The serum assay was similar to the enzyme standardization assay. 

The serum inhibitors (mainly AAT) decrease the amount of trypsin avail

able for reaction with BAEE and OD/minute decreases, implying less 

BAEE-trypsin reaction. A constant amount of BAEE (3.0 ml) was pipet

ted into control and test cuvets. The control cuvet with 3«0 ml BAEE

and 0.2 ml HC1 solution was zeroed at 253 nm for each test cuvet. Fre

quent checks were made on pH. The zeroing cuvet was replaced if bub

bles formed on the surface of the cuvet. This was caused by tempera

ture increase within the chamber. One hundred serum samples were ob

tained from St. Peter's Hospital in Helena, Montana and were assayed. 

Each test cuvet contained 3»0 ml BAEE and 0.2 ml of a 1 ml solution 

containing 0.3 ml trypsin solution, 0.4 ml serum diluted 1:10 in 0.1M 

phosphate buffer and 0.3 ml HC1 solution. The serum solutions were 

mixed separately. To minimize the time that the trypsin was exposed 

to the higher pH of buffer and serum solutions the 0.2 ml of this sol

ution were quickly pipetted into the test cuvet containing 3 ml BAEE 

and readings were taken every 10 sec. for 2 min. Twelve serum samples 

were assayed for endogenous activity, i.e., BAEE degradation in the 

absence of' added trypsin.

Diagnostic Correlations

Information obtained from St. Peter's Hospital was analyzed in 

light of our spectrophotometric data and gels. The spectrophotometric 

data was checked against personal medical histories of the 100 patients
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whose serum inhibitory capacity had been assayed. The records were 

scanned to find possible occurrence of COPD (chronic obstructive 

pulmonary disease) and cirrhosis in serum with low inhibitory capacity, 

and conversely, absence of these pathological conditions (asthma, bron

chitis, emphysema, cirrhosis) in serum with high inhibitory capacity.

The records were scanned only for the presence or absence of these 

diseases in past or present medical history.

Gel Electrophoresis

A Canalco Disc Electrophoresis Model 1500 apparatus was used. The 

following stock solutions were prepared: a) 48 ml IN HCL, 36.3 gm Tris,

• 23ml Temed and water to make 100ml pH 8.8-9.0; b) 48 ml IN HC1, 5.98 gm 

Tris, 0.46 ml Temed and water to make 100 ml; pH 6.6-6.8; c) 28.0gm ac

rylamide, 0.735gm Bis and water to make 100 ml; d) lOgm acrylamide, 25gm 

Bis, and water to make 100 ml; e) 4.0 mg riboflavin per 100 ml water; 

f) 40gm sucrose and water to make 100 ml; g) catalyst—0.14gm ammonium 

persulfate and water to make 100 ml; h) buffer—6.0gm Tris, 28.8 gm 

glycine, and water to make 21; i) specimen stain—Igm Buffalo Black and 

acetic acid to make 200 ml; j) tracking dye—.0005% Bromthymol blue. 

Working solutions were prepared daily from these stock solutions: a) 

Separating Gel Solution-pH 8.8-9.0 - 2cc A, 4cc C, 2cc water, catalyzed 

by combining 1:1 with catalyst (above) sufficient for 12 samples; b) 

Stacking Gel Solution—mixed in flask enclosed in foil to protect against 

light—pH 6.6-6.8 2cc B, 4cc D, 2cc E, 8ccF—exposed to light to form 

gel; c) Rinse Solution—2cc B, 2ccE, 12cc water. The separating gel
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Fig, VII. Column Tube in Gel Electrophoresis

was pipetted (lcc/column) into the column tube. Water was then very 

gently dropped down the sides to eliminate the meniscus. The gel was 

allowed to stand away from light and undisturbed for JO min. The water

was removed next. The column was then rinsed once with rinse solution 

and excess liquid was removed. Stacking gel (0.2cc/column) was then 

added. Water was carefully added to eliminate the meniscus on the upper 

part of the stacking gel. The water was removed and O.lcc of concen

trated (1:10 sucrose to serum) protein was added. The upper bath buf

fer was carefully added to each column. Buffer was poured into the 

lower bath. Columns were then placed in the apparatus, which was ex

amined to insure that the buffer solution was covering the anode. Two 

hundred fifty ml of upper bath buffer containing tracking dye were ad

ded. The current was started and held steady at 2 amps/gel column. 

Migration continued for 50-60 min. Upon completion of the run, upper 

and lower bath colutions were kept separate and stored. The apparatus 

was disassembled. Gel removal from the columns was attained through 

the use of a distilled water stream from a Jcc syringe. Keeping the 

needle flat against the surface of the glass column insured maintenance 

of the integrity of the gel. Gels were placed in speciman stain for 

1 hr. and then decanted to 7% acetic acid solutions for destaining.

(The speciman stain that was not complexed with any protein within the 

gel matrix diffused into the acid solution.) Complete destaining re
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quired 48 hrs. Protein bands were identified and crudely quantitated 

through visual inspection. A comparison of four serum samples with high 

activity was made to six serum samples with low activity.

Calculations

The enzyme standardization revealed activity of uninhibited trypsin 

(0.3 ml of trypsin solution). Addition of serum inhibited part of this 

0.3 ml trypsin. We measured the activity of the trypsin which was not 

inhibited by serum. Subtraction of the uninhibited trypsin, after serum 

addition, from the activity value found in our standardization curve 

equaled mg trypsin inhibited/ml.serum.

The 100 readings of trypsin inhibitory capacity were compared to 

Homer's data using a parametric comparison of the difference between two 

means with a confidence level of 0.95»
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RESULTS

Enzyme Assay

The rate of reaction was linear over two minutes (Fig. VIII).

f

Serum Assay

Serum samples assayed without trypsin had no endogenous activity.

The mean of our sample to be I.65 with a standard deviation of .4308. 

(Fig. IX).

Diagnostic Correlations

We selected 1.166 mg trypsin inhibited/ml serum as our criterion 

for low AAT activity levels. This is the first boundary encountered 

one standard deviation away from the mean of our population (1.65 i 

0.4308). Thus any value lower than 1.166 mg trypsin inhibited/ml serum 

was suspect as indicative of a pathological condition. Any value above 

1.166 mg trypsin inhibited/ml serum fell into the normal or increased 

activity range for our sample. No disease was expected in these patients 

Medical records and expected results were then compared.

Based on the above criterion, six patients, for whom medical his

tories were available, had low AAT activity levels. Three of these had 

disease and three were normal. There were three outpatients with low 

activities and no medical histories at St. Peter’s Hospital.

Ninety—one patients in which the level of inhibited trypsin was 

above 1.166 mg trypsin inhibited/ml serum were classified as having nor

mal AAT activity levels. Twenty-four of these individuals were out

patients with no available medical histories. Sixty-four patients had
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no sign of the diseases for which we were screening. Three had patho

logical conditions. Thus, our predictions were correct in 64 out of 

67 cases. By combining the two analyses we found that out of 73 cases 

with known medical background, we were correct in 67 predictions (Table

II).
No. of patients

No Pathological Condition 67
COPD 4

Cirrhosis 2

Out Patients without med. histories 27
Total

Table II. Association of Alpha-l-antitrypsin levels and disease.

Gel Electrophoresis

Two gels, of the ten tested, suggested AAT variation and eight 

showed no visible difference.
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DISCUSSION AND CONCLUSIONS

The results of this study suggest that spectrophotometric screen

ing for inhibitory capacity can provide a diagnostic aid for pulmonary 

emphysema, bronchitis, asthma, and cirrhosis. A definitive diagnosis, 

however, cannot be based on this test alone. Ideally tests should be 

accompanied by complete medical histories which indicate age, prescribed 

pharmaceuticals, pathological conditions and family history. We were 

unable to personally examine the medical records of our sample popula

tion due to the confidentiality of patient medical histories. The four 

pathological conditions chosen in our study have been well documented in 

the literature as prevalent in AAT variant persons. The medical records 

staff at St. Peter’s Hospital studied the individual histories and 

reported them to us by number corresponding to serum samples.

The variations to Homer’s method which we used did not alter the

validity of our results significantly. Homer’s method yielded 2.1 mg 

of trypsin inhibited/ml serum, whereas our procedure yielded a value 

of 2.2 mg trypsin inhibited/ml serum.

Our sample had a higher mean (1.65 mg trypsin inhibited/ml serum) 

than that established by Homer (0.99 mg trypsin inhibited/ml serum). 

Statistical analysis revealed a significant difference between our
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This variation was expected since Homer’s population was drawn only from 

healthy subjects, whereas we sampled only hospital patients, thus shift

ing our distribution curve toward increased trypsin inhibitory capacity. 

Inflammatory condition elevates AAT levels in serum (57)•

We prepared trypsin solutions daily to insure consistent activity 

levels. We corrected for endogenous serum activity and avoided natural 

trypsin and BAEE breakdown by keeping these solutions on ice. Autolysis 

of trypsin at pH levels above 7.0 and instability of serum inhibitors 

at low pH were controlled by maintaining a constant pH 7.0 level through 

out the experiments and by the stepwise mixing of cuvette components. 

Thus it appears that high or low OD readings resulted only from unusual

serum AAT levels.

Column gel electrophoresis was selected for ease of preparation 

and accuracy of results. The pH of solutions was significant in the 

light-induced solidification of our stacking gel. Stacking gels solidi

fied within 15-20 minutes of light exposure after reduction of pH in 

stock solution B. Comparison of the different gel columns was accurate 

and easy when the meniscus at the interface of the two gels was elimi

nated. We checked gels for different thicknesses in the AAT band and/or 

different densities as an indication of different quantities of AAT. 

Notable differences were not found.

Although spectrophotometric analysis proved to be valuable as a 

diagnostic test, gel electrophoresis was unacceptable in the diagnosis

of COPD and cirrhosis
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