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Summary 

Protease inhibitors and protease (caseinolytic, elastinolytic and 
esterolytic) activity were analysed in 190 milk samples from 94 
mothers from day 1 to day 160 after delivery The main protease 
inhibitors in human milk are al-antichymotrypsin and al-antitryp- 
sin. As measured by electroimmunoassay, the level of al-antichy- 
motrypsin in day 1 colostrum was higher than that in normal 
serum. Trace amounts of inter-a-trypsin inhibitor, at-antiplasmin, 
a2-macroglobulin, antithrombin 111, or antileukoprotease could be 
demonstrated. According to their protease inhibiting activity, the 
53 milk samples from day 1-3 could be divided into two groups. 
(1) Presence of protease inhibiting activity (n = 35). Both al- 

antitrypsin and a,-antichymotrypsin appeared intact and were able 
to form complexes with added trypsin or chymotrypsin although 
the major part of al-antichymotrypsin showed a retarded electro- 
phoretic mobility. The proteolytic activity was undetectable or low 
in these samples. (2) No protease inhibiting activity, in spite of the 
presence of immunoreactive inhibitors (n = 18). al-Antichymo- 
trypsin had a precipitate pattern similar to group 1, whereas al- 
antitrypsin had a major fraction with slightly retarded mobility and 
two minor peaks in the mland P-regions. These precipitate pat- 
terns were unchanged on addition of human trypsin or chymotryp- 
sin compatible with the presence of nonreactive inhibitor only. 
These samples had a caseinolytic and esterolytic activity with an 
electrophoretic mobility in the P-region. 

All samples from day 4 and later had a demonstrable protease 
inhibiting activity. 

Speculation 

About two-thirds of colostral milk samples have a protease 
inhibiting activity, i.e., can inhibit proteolytic enzymes present in 
or added to human colostrum. One-third has no protease inhibiting 
activity, and possess free protease activtiy. These different prop- 
erties of human colostrum may cause differences in the absorption 
of proteins in newborn infants. 

Protease inhibiting activity and protease activity have been 
demonstrated in human milk (5,7, 1 1,20). The protease inhibitors, 
al-antitrypsin and a,-antichymotrypsin, were determined immu- 
nochemically and found to be present in considerably larger 
amounts in colostrum than in mature milk (I  I). A disparity was * .  

found between the protease inhibiting activity and the amount of 
these Drotease inhibitors in colostrum ( I  1). The reason for this 

% ,  

disparity is not known, but it indicates the presence of inactive 
protease inhibitors. We also do not know anything about the 
physiologic role of the protease inhibitors in human milk. Finally, 
we have no information whether other protease inhibitors, e.g., 
inter-a-trypsin inhibitor, a?-antiplasmin, antithrombin, and anti- 
leucoprotease (14) are present in human milk. 

This study was performed to elucidate these questions. 
4 

MATERIALS A N D  METHODS 

Human milk. 190 samples from 94 mothers were collected after 
informed consent by a breast-pump in sterile test tubes from the 
first day up  to day 160 after delivery. Four of the samples were 
obtained from four mothers of preterm infants born at the gesta- 
tional ages of 30, 31, 35 and 36 wk. The milk was centrifuged at 
3000 X g for 15 min, and the fat layer removed. The skimmed 
milk was recovered and stored at -20°C until analysed. 

Antisera. Rabbit antibodies against human a,-antitrypsin, a , -  
antichymotrypsin, a2-macroglobulin, inter-a-trypsin inhibitor, an- 
tithrombin 111, and antileucoprotease (17) were available in our 
laboratories. a2-Antiplasmin was a gift of D. Collen, Leuven, 
Belgium. Seronorm Protein (Nyegaard & Co. A.A., Oslo, Norway) 
was used as a standard serum. 

Chemicals. Agarose (Miles Lab. Ltd., Stoke Poges, England); 
Casein Hammarsten (BDH); Bovine albumin (Sigma); Acetyl- 
DL-phenylalanine P-naphtylester, APNE, (Sigma); N-carboben- 
zoxyalanine-P-naphtyl ester, CBZ-ANE, (Bachem, Bubenborf, 
Switzerland); Bovine chymotrypsin (Sigma); Porcine trypsin 
(Novo, Copenhagen, Denmark); porcine elastase (Worthington); 
human chymotrypsin and cationic trypsin (16) were available in 
our laboratory. 

All other chemicals were of analytical grade. 
lmmunochemical methods. Crossed immunoelectrophoresis (4), 

electroimmunoassay (lo), and immunodiffusion according to 
Ouchterlony (19) were performed with 0.075 moles/liter barbital- 
sodium barbital buffer, pH 8.6 containing 0.002 moles/liter cal- 
cium lactate. 

Electrophoresis was performed in I% agarose gel with 0.075 
moles/liter barbitalsodium-barbital buffer pH 8.6 containing 0.002 
moles/liter calcium lactate (8). 

Protein was measured according to Lowry et al. (12) with bovine 
albumin as standard. 

Proteolytic activity. The protease activity in human milk was 
estimated by means of radial digestion of casein in agarose gel. A 
slide with a gel containing I% agarose and 0.1% casein was 
immersed for 1 h in 0.1 moles/liter Tris-HC1 pH 7.8. The samples 
were poured into the wells and incubated at 37°C for 24 h. The 
slide was then washed and eluted for three days in physiologic 
saline and immersed in 2% acetic acid for 1 h and stained with 
Coomassie Brilliant Blue R-250. 

The caseinolytic activity was also studied after electrophoretic 
separation of human milk. The electrophoretical conditions were 
as described above except for the use of a 1% agarose gel to which 
0.1% casein was added. After the electrophoresis the gel was 
incubated, washed, and stained as described above. 

Elastinolytic activity in human milk was assayed with radial 
digestion of elastin in agarose gel (15). 

Esterolytic activity of human milk against the chromogenic 
substrates APNE and CBZ-ANE was detected after agarose gel 
electrophoresis by immersing the gels in a solution of the substrates 
for 1 h at 37°C. The incubation solution consisted of 25 mg APNE 
dissolved in 10 ml dimethylforamid or 25 mg CBZ-ANE dissolved 

79 



480 LINDBERG ET AL. 

in 25 ml dimethylformamid, 100 mg Fast Blue B salt (Sigma) and 
0.1 moles/liter Tris-HCI buffer, pH 7.8, up to 100 ml. After 
incubation the gels were fixed in 2% acetic acid (23). 

Demonstration of protease inhibiting activity. Localization of 
trypsin and chymotrypsin inhibiting activities on electrophoreti- 
cally separated human milk in agarose gels were carried out using 
APNE as substrate (24). The gels were incubated for 30 min in a 
0.01 mg/ml solution of porcine trypsin or bovine chymotrypsin in 
0.1 moles/liter Tris-HC1 buffer, pH 7.8. The gels were then 
immersed in the APNE-solution as described above. Localization 
of elastase inhibiting activity was demonstrated accordingly with 
 orc cine elastase and with the substrate CBZ-ANE. 

Chymotrypsin-binding capacity of al-antichymotrypsin and the 
trypsin-chymotrypsin-binding capacity of al-antitrypsin were 
tested using crossed immunoelectrophoresis with the respective 
antisera. Reaction mixtures of 100 p1 milk and increasing amounts 
of human cationic trypsin or chymotrypsin in 0.1 moles/liter Tris- 
HCI buffer, pH 7.4, containing 0.15 moles/liter NaCI, were incu- 
bated at room temperature 30 min before electrophoretic separa- 
tion. 

Gelfiltrarion was performed on Ultrogel ACA-44 utilizing a 
column 2.5 x 100 cm equilibrated with 0.05 moles/liter Tris-HC1 
buffer, containing 0.5 moles/liter NaC1, pH 7.4. The column was 
calibrated with the following molecular weight markers: soybean 
trypsin inhibitor, chymotrypsinogen, bovine serum albumin, cat- 
alase, and ferritin (Kemila AB, Stockholm, Sweden). The elution 
of al-antitrypsin and al-antichymotrypsin was followed in the 
fractions from the column utilizing electroimmunoassay. 

RESULTS 

Presence of protease inhibitors. With the immunochemical 
methods used, only the absence or trace amounts of inter-a-trypsin 
inhibitor, a?-antiplasmin, a?-macroglobulin, antithrombin 111, or 
antileukoprotease could be demonstrated. al-Antitrypsin and al- 
antichymotrypsin could always be demonstrated immunochemi- 
cally (Table 1). Especially the level of al-antichymotrypsin was 
high. In fact. in colostrum from day 1. it was higher than in 
normal serum. In relation to protein content, the al-antichymo- 
trypsin level was seven times and the a]-antitrypsin level two times 
higher during the first 3 days than those after 2 wk (Table I ) .  

The milk samples from the four mothers to preterm infants 
contained equal concentrations of al-antitrypsin and al-antichy- 
motrypsin to those from mothers to fullterm infants. 

  rot ease inhibiting activity. According to their protease inhibiting 
activity, the milk samples from 53 women from day 1, 2 and 3 
could be divided into two groups. In 35 samples a trypsin, chy- 
motrypsin, and elastase inhibiting activity could be demonstrated 
in the a -  and P-region after electrophoresis, as shown in Figure 1. 
The most anodal migrating protease inhibiting band corresponds 
to the mobility of serum a]-antitrypsin. The weak chymotrypsin 
inhibiting band of slower mobility in the a]-region corresponds to 
serum al-antichymotrypsin, whereas the broad zone of chymo- 
trypsin inhibiting activity in the P-region has no correspondence 
to any inhibitor in human serum. 

Protease inhibiting activity could not be detected in the 18 
remaining samples (Fig. I). Samples from day 4 or later always 
had a demonstrable protease inhibiting activity also from those 
mothers whose milk had no protease inhibiting activity on day . - 
1-5. 

Immunocharacteristics of protease inhibitors. Crossed immunoe- 
lectrophoresis of human milk with antiserum against al-antichy- 
motrypin showed a uniform pattern in all specimens analysed. One 
minor component of a]-antichymotrypsin had the electrophoretic 
mobility of the inhibitor in normal human serum, whereas the 
major part of the al-antichymotrypsin had a retarded electropho- 
retic mobility corresponding to the P-region (Fig. 2). 

However, on analyses with crossed immunoelectrophoresis after 
the addition of increasing amounts of human pancreatic chymo- 
trypsin, two different precipitate patterns were obtained. Those 
samples, that had no demonstrable protease inhibiting activity 
showed an unchanged precipitate pattern after the addition of 
chymotrypsin (Fig. 2B). On the contrary, milk specimens that had 
a protease inhibiting activity showed a change in the precipitate 
pattern with the addition of chymotrypsin. The el-peak disap- 
peared and the P-peak became slightly smaller and with a changed 
precipitate morphology indicating complexation (Fig. 2C and D). 

Crossed immunoelectrophoresis of human milk with antiserum 
against al-antitrypsin demonstrated mainly two different precipi- 
tate patterns. The milk specimens without protease inhibiting 
activity showed a major a]-antitrypsin fraction with slightly re- 
tarded electrophoretic mobility compared to al-antitGps1n in 
normal serum and two minor peaks with 02- and P-mobility (Fig. 
3A and B). This precipitate pattern was unchanged on addition of 
trypsin or chymotrypsin (Fig. 3C). The remaining milk specimens 
showing protease inhibiting activity contained only one electro- 
phoretiE &,-antitrypsin component -as demonstrated with crossed 
immunoelectrophoresis (Fig. 3D). The mobility of this component 
was identical with that of el-antitrypsin in normal serum. This 
al-antitrypsin component disappeared progressively on addition 
of human trypsin or chymotrypsin to the milk specimens before 
analyses with crossed immunoelectrophoresis (Fig. 3E). Simulta- 
neously, a new al-antitrypsin component appeared in the P-region 
indicating complexation. 

Gel filtration analyses on Ultrogel Aca 44 were performed on 
two pools of milk each from 10 samples with and without protease 
inhibiting activity, respectively. The major part of immunoreactive 
al-antitrypsin and al-antichymotrypsin eluted in both cases in 
volumes corresponding to the molecular weight of about 50,000 
and 70,000, respectively. After addition of human chymotrypsin 
in molar excess to the milk pool showing protease inhibiting 
activity, the pattern was changed. Immunoreactive al-antitrypsin 
eluted corresponding to a molecular weight of about 70,000 and 
al-antichymotrypsin corresponding to a molecular weight of about 
90,000, indicating complexation of both inhibitors. Addition of 
chymotrypsin to the milk without protease inhibiting activity 
however, did not produce any change in the elution pattern of the 
two inhibitors. 

Protease acrivity of human milk. Protease (caseinolytic) activity 
was clearly demonstrated by radial digestion in the milk samples 

Table I .  Protein, al-antitrypsin (a]-AT) and al-antichymotrypsin (01-Achy) [mean value + S.E. (n)] in human milk from various stages of 
lactation 

Day I Day 2 Day 3 Day 4 Day 5 Day 6-7 >I4 days 

Protein (g/liter) 89 + 8.6 (8) 53 + 15 (8) 22 f 1.9 (8) 20 + 0.8 (8) 1 1  C 1.3 (8) 
al-AT ('36)' 16.1 + 1.5 (21) 8.3 + 1.1 (35) 4.2 + 0.6 (42) 3.1 + 0.2 (36) 2.7 + 0.2 (28) 1.9 + 0.2 (13) 1.0 & 0.3 ( 1 1 )  
a]-Achy (5%)' 133 k 1 1  (21) 75 + 13 (34) 33 k 5 (40) 26 + 2 (36) 22 f 4 (26) 19 + 4 (14) 2.4 + 0.5 (8) 
el-AT (g/liter) 0.21 0.11 0.055 0.04 0.035 0.025 0.013 

(100% = 1.3 g/liter) 
@,-Achy (g/liter) 0.67 0.38 0.17 0.13 0.1 1 0.095 0.012 

(100% = 0.5 g/liter) 
Ratio al-AT/protein 0.0024 0.002 1 0.0025 0.00 18 0.00 12 
Ratio a]-Achy/protein 0.0075 0.007 1 0.0077 0.0055 0.00 1 1 

I Per cent of normal serum concentration. 
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Fig. I .  Agarose gel electrophoresis of human milk showing protease inhibiting activity (Milk 12:5) and no demonstrable protease inhibiting activity 
(Milk 14:l) stained for trypsin (A), chymotrypsin (B). and elastase inhibiting activity (C) or stained for protein with Commassie Briliant Blue (D). The 
protein stained electropherogram of human serum (HS) is shown for reference. 

from days 1, 2, and 3, which had no demonstrable protease 
inhibiting activity. Elastinolytic activity could also be demon- 
strated in 16/18 samples. The 35 samples from days 1, 2, and 3 
with a protease inhibiting activity had no, or low, caseinolytic 
activity. Samples from day 4 or later had no, or low caseinolytic 
and elastinolytic activity. Figure 4 shows that the caseinolytic 
activity in human milk was present in a broad region with a P- 
mobility in agarose gel electrophoresis. The esterolytic activity 
against CBZ-ANE had the same mobility (Fig. 4), whereas no 
activity could be detected against the substrate APNE. Esterolytic 
activity against the substrate CBZ-ANE was found in all milk 
samples throughout lactation. 

DISCUSSION 

This study shows that the main protease inhibitors in human 
milk are al-antichymotrypsin and al-antitrypsin. Other known 
protease inhibitors, e.g., a2-macroglobulin, inter a-trypsin inhibi- 
tor, as-antiplasmin, antithrombin 111, and antileukoprotease, were 
found in only trace amounts. No specific secretory inhibitors were 
detected as found in colostrum of other species, e.g., pig and cow 
(24). . . 

We emphasize the large concentration of al-antichymotrypsin 
in relation to that of al-antitrypsin in colostral milk. In fact, its 
concentration is about 8 times larger than could be expected. This 
suggests that the large amounts of a,-antichymotrypsin in colos- 
trum may be the result of a local production or accumulation in 
the mammary gland in this early stage of lactation rather than an 
expression of the big protein content per se. A similarly high 
relative concentration of al-antichymotrypsin has not been ob- 

served in other fluids in man, with the possible exception of 
seminal plasma (2 1 ). 

Protease inhibiting activity was demonstrable in about two- 
thirds of the samples from day 1-3 and in all samples from later 
stages of lactation. These milk samples possessed low or undetect- 
able proteolytic (caseinolytic) activity. As judged from results of 
analyses with crossed immunoelectrophoreses and gelfiltration, 
al-antitrypsin and al-antichymotrypsin were able to form com- 
plexes with trypsin or chymotrypsin added to the samples. 

The remaining third of the colostrum samples showed no de- 
monstrable protease inhibiting activity in spite of the presence of 
immunoreactive protease inhibitors. These samples showed an 
evident caseinolytic activity. at-Antitrypsin was present as three 
electrophoretic fractions. The major component showed a some- 
what slower electrophoretic mobility in the al-region than found 
normally. The results of the gel filtration analyses indicated that 
this fraction had a molecular size roughly corresponding to that of 
native a,-antitrypsin. This seems to exclude complexation. Similar 
nonfunctioning a,-antitrypsin fractions have been found earlier in 
other biologic materials such as bronchial lavage fluid (22) and 
uterine secretions (2). They may represent al-antitrypsin inacti- 
vated by oxidative or other processes (9), or the inhibitor is a part 
of a cleaved enzyme inhibitor complex ( I ) .  The relatively small 
al-antitrypsin fractions with electrophoretic az- and P-mobility 
might represent al-antitrypsin complexed by granulocyte pro- 
teases (1 3). 

al-Antichymotrypsin showed a precipitate pattern different 
from that in normal serum on crossed immunoelectrophoresis with 
the major fraction showing P-mobility indicating that this fraction 
may represent a complex with a protease (18). But the same 
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in colostrum from various mothers was followed up in 17 mothers 
from each group. This inquiry did not display any particular 
differences concerning any feeding problems; in the mothers as 
mastitis, and in the infants as nutritional problems, infantile colic 
or increased susceptibility to infections. 

The nature of the proteolytic activity in human milk is unknown 
(5 ,  20). We found proteolytic (caseinolytic) activity preferentially 

Fig. 2. Precipitate patterns obtained on crossed immunoelectrophoresis 
with human a,-antichymotrypsin of human serum (A), human milk with- 
out protease inhibiting activity (B), (the same pattern was obtained also 
after the addition of human chymotrypsin in molar excess), human milk 
with protease inhibiting activity before (C) and after (D) the addition of 
human chymotrypsin in molar excess. 

pattern of a,-antichymotrypsin was found in milk both with and 
without chymotrypsin inhibiting activity. From the crossed im- 
munoelectrophoretic analyses and also from the protease inhibitor 
stainings of agarose gels, it was evident that the P-component of 
a,-antichymotrypsin could both have and not have chymotrypsin 
inhibiting activity. A similar electrophoretic pattern of al-antichy- 
motrypsin has been recently demonstrated in seminal plasma (H. 
Weiber, personal communication). It might perhaps be the result 
of limited proteolysis which under some conditions leads to inac- 
tivation of the inhibitor and in others only to a changed electro- 
phoretic mobility. The changed electrophoretic pattern of al-an- 
tichymotrypsin might also be a result of the transfer of the 
inhibitor from serum over the secretory epithelium into the milk. 

The physiologic function of the protease inhibitors in human 
milk might both be exerted in the mammary gland and in the 
infant, preferentially in the gastrointestinal tract. Probably the 
protease inhibitors protect the mammary gland from local proteo- 
lytic activity during colostrum formation. However, one-third of 
the colostrum samples showed no protease inhibiting activity but 
instead proteolytic activity, concomitant with the presence of 
inactivated protease inhibitors, indicating a consumption of the 
inhibitors in these samples. The consumption may be the result 
both of complex formation with proteases and inactivation caused 
by limited proteolysis. The clinical significance of the different 
protease inhibiting patterns and the presence of proteolytic activity 

Fig. 3. Precipitate patterns obtained on crossed immunoelectrophoresis 
with antiserum against human a,-antitrypsin of human serum (A). human 
milk without protease inhibiting activity before (B) and after (C) the 
addition of human trypsin in molar excess. (D) and (E) show the results of 
the corresponding analysis of human milk with protease inhibiting activity, 
before ( D )  and after (E)  the addition of human trypsin in molar excess. 
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Fig. 4. Agarose gel electrophoresis of human milk from the first day 
after delivery stained for protein with Commassie Brilliant Blue R-250 
(A), processed to show the proteolytic activity, i.e.. caseinolytic activity in 
casein-agarose (B). and esterolytic activity after incubation with CBZ- 
ANE (C). 

in colostrum. The caseinolytic activity had an electrophoretic 
mobility to the P-region. Moreover, human milk showed an 
activity in the same electrophoretic region against the low molec- 
ular weight substrate, CBZ-ANE, which is commonly used to 
analyse elastase-like enzymes. No activity was found against the 
trypsin-, chymotrypsin-substrate APNE. It might be possible that 
leukocytes are one source of the elastase-like enzyme in human 
milk. In cow's milk the proteolytic activity has been shown to 
have similarities to blood plasmin and to be associated to the 
casein fraction (3, 6). Further studies are in progress to elucidate . - 
the nature of the proteases in human milk. 

In conclusion, the protease inhibiting activity in human milk 
can be accounted for by al-antitrypsin and al-antichyrnotrypsin. 
whereas other protease inhibitors are present in trace amounts 
only. A remarkably high a]-antichymotrypsin concentration in 
early colostrum suggests a local production of this inhibitor. A 
disparity between the protease inhibiting activity and the immu- 
nologically determined concentration of the two main inhibitors 
is found in about 1/3 of the day 1-3 colostrum samples. This is 
explained by the presence of nonreactive protease inhibitor mol- 

ecules and, in addition, protease-antiprotease complexes. So far 
no clinically adverse effec't of this prote'ase-antiprotease imbalance 
has been demonstrated in mother or infant. 
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