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Three gamma-globulin (IgG) preparations were prepared by enzymatic digestion
with plasmin [IgG (plasmin)] or pepsin [IgG (pepsin)] and by polyethylene glycol (PEG)
fractionation [IgG (PEG)] and their efficacy was compared in terms of the ability to
promote phagocytosis iz vitro of three strains of pyogenic bacteria, Pseudomonas aeruginosa,
Staphylococcus auveus and Streptococcus pueumoniae, by human polymorphonuclear
leukocytes. IgG (plasmin) had the composition of IgG: Fab: Fc=60: 26: 14; IgG (pepsin),
1gG: F(ab’),: Fc=8: 77: 15 and IgG (PEG), 909, or more IgG. In the phagocytosis test,
IgG (PEG) was the most efficient and IgG (plasmin) more than IgG (pepsin) though
agglutinin titers of these were much the same. The F(ab’), fragments were almost inef-
ficient in spite of their agglutinin titer similar to those of the IgG preparations. The Fab
and Fc fragments showed neither agglutinin titer nor the ability to promote phagocytosis.
Since it has been confirmed by a previous study (ref. 16) on the phagocytosis mechanism
that these differences in phagocytic effects result from a phagocytotic mechanism in which
antigen bound to antibody at its Fab portion is phagocytized through receptors for Fc
and complement present on the polymorphonuclear leukocyte surface, it may be concluded
that an IgG preparation desirable for clinical use is that which contains intact IgG molecules
as much as possible.
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Introduction

It is clear that phagocytosis in host defense against pyogenic bacteria such as Pseudo-
monas aeruginosa involves ingestion and killing of them by polymorphonuclear leukocytes
(PMNs). Human PMNs possess surface membrane receptors for the Fc portion of the gamma-
globulin (IgG) molecule and for component of complement (presumably C3b). IgG-coated
bacteria are bound to these receptors by cell surface recognition by PMNs and readily ingested
through these receptors and killed.

Recently, various IgG preparations for intravenous use have been developed to treat
patients with an antibody deficiency syndrome as well as those with pathogens resistant to
antibiotic therapy. The main component IgG of these preparations is enzymatically treated
with pepsin or plasmin to reduce anticomplementary activity so as to enable intravenous
application. There is a possibility therefore that these intravenous IgG preparations may
be greatly reduced in effect to promote phagocytosis of bacteria by human PMNs as compared
with untreated, intact IgG.

We prepared various 1gG preparations consisting of enzymatically digested IgG and of
intact (monomeric) IgG, and IgG fragments as well and compared their ability to promote
phagocytosis of pyogenic bacteria by human PMNs.

Materials and Methods

Bacteria Pseudomonas aevuginosa (Homma Serotype E), Staphylococcus auveus (ATCC 6538) and
Streptococcus pneumoniae (Type I) were used.

1) Location: Miyakojimaku, Osaka, 534 Japan.
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Preparation of IgG——IgG and albumin were prepared from human venous plasma by Cohn’s cold
ethanol fractionation method.? IgG was treated by enzymatic digestion with plasmin (human)® or
pepsin® to obtain IgG (plasmin) and IgG (pepsin). IgG (plasmin) had the composition of IgG: Fab: Fc=
60: 26: 14 and IgG (pepsin), IgG: F(ab’),: Fc=8: 77: 15. IgG (PEG) was prepared from human venous
plasma by polyethylene glycol (PEG) fractionation method according to Coval.®® In IgG (PEG), more
than 909, of IgG were in the monomeric form and the rest IgG dimers.

Preparation of IgG Fragments by Enzymatic Digestion——Pepsin digestion was performed according
to Mandy et al.9 with minor modifications. IgG was dissolved in 0.1M sodium acetate, pH 4.5, digested
for 24 hr at 37°in the enzyme to protein ratio of 1: 100 and dialysed against several changes of 0.1 M phosphate
buffer, pH 7.4. Papain digestion was performed according to Porter ef al.? IgG was dissolved in 0.1M
sodium phosphate buffer, pH 7.0, containing 0.01 m cysteine, digested for 24 hr at 37° in the same enzyme
to substrate ratio, and dialysed as described above. These digestion mixtures were immediately fractionated
on a Sephadex G-200 column equilibrated with 0.2m Tris-HCI, pH 8.0 containing 0.2 M NaCl to remove the
undigested IgG. From the pepsin digest, F(ab’), fragments were isolated by chromatography on CM cellulose
and then Fc fragments [Fc (pepsin)] on DEAE cellulose, whereas Fc fragments were isolated from the papain
digest [Fc (papain)] on DEAE cellulose and then Fab fragments on CM cellulose according to Franklin ef al.®
These fragments were examined for purity by Ouchterlony tests and found free of contamination each other
(Fig. 1-a and 1-b).

Fig. 1. Immunological Purity

[a] Gel-filtration plate which demonstrated precipitin lines formed between anti-IgG in
center wells (A) and IgG(B), IgG[PEG] (C), F (ab,’),(D) Fab[E], Saline [F] in peripherial
wells, crossing-over each other. [b] Interaction of anti-IgG[A], IgG[B], IgG[PEG](C),
F(ab’).(D,) Fe[pepsin] [E], Fc[papain][F] were same as [a].

Agglutination Tests Antibody activities against the three strains of Pseudomonas aeruginosa, Staphyl-
ococcus aurveus and Streptococcus pneumoniae were determined by an agglutination test using the O-antigen
prepared from formalin killed cells. For Pseudomonas aeruginosa, antibody activities against lipopolysac-
charide (LPS) and original endotoxin protein (OEP) of the organism were also determined by using sheep
erythrocytes sensitized with the LPS and OEP prepared by the methods of Boivin® and Homma,® respec-
tively.

Complement Human blood was collected by venipuncture and serum was separated. Test organisms
were mixed with the serum to make a concentration of 10° cells/ml to remove natural antibody. The suspen-
sion of bacteria was shaken at 4° for 1 hr, centrifuged at 4° and the test organisms were added again to the
supernatant. The procedure was repeated 3 times for complete removal of natural antibody to the test

2) E.Jj. Cohn, L.E. Strong, W.L. Hughes, D.J. Mulford, J.N. Ashworth, M. Melin, and H.L. Taylor, J.
Am. Chem. Soc., 68, 459 (1964).

3) J.T. Sgouris, Vox Sang., 13, 71 (1967).

4) H.E. Schultze and G. Schwick, Disch. Med. Wochschr., 87, 1943 (1962).

5) M.L. Coval., U.S. Patent Application 688621 (1976) [M. Nishida., The 25th J. Japan Society of Blood
Transfusion, Matsumoto, June 1977 in press]. ‘

6) W.J. Mandy, M.M. Rivers, and A. Nisonoff., J. Biol. Chem., 236, 3221 (1961).
7) R.R. Porter, Biochem. J., 73, 119 (1959).
8) E.C. Franklin and F. Prelli, J, Clin. Invest., 39, 1933 (1960).
9) A. Boivin and L. Mersobeanu, Compt. Rend., 113, 490 (1933).
10) J.Y. Homma and C. Abe, Japan. J. Exp. Med., 42, 23 (1972).
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organism. Then, the serum was sterilized by filtration through a 0.45 my Millipore filter (Millipore Corp.,
U.S.A.) and used as complement.

Preparation of Human Polymorphonuclear Leukocytes (PMNs) Suspension This was performed accord-
ing to Young ef al.* with minor modifications. Venous blood was drawn from healthy human adults (20
ml/adult) into a plastic syringe containing approximately 500 units of sterile heparin and mixed with 1/2
volume of isotonic 6% clinical dextran (M# 70000). The syringe was gently shaken and the erythrocytes
were allowed to sediment at room temperature for 1 hr. The leukocyte-rich plasma was centrifuged at 500 g
for 10 min. The leukocytes were washed twice with Hanks’ balanced salt solution (HBSS) and resuspended
in the same solution at a proper concentration. The suspension contained more than 85% PMNs.

Phagocytosis Tests Reaction mixtures contained 0.1 ml each of a PMN suspension (1x10%/ml), a
bacterial suspension (approx. 3 x 105/ml) and one of 5—0.3% solutions of IgG preparations or fragments and
0.7 ml of the complement or HBSS. The mixtures were allowed to stand at 37° for 1.5 and 3.0 hr and cen-
trifuged at 500 g for 5 min, and viable bacteria in the supernatant were counted by colony counting. Each
experiment was repeated three times.

Results

Effect of IgG and Its Fragments on Phagocytosis by PMNs

The effect of IgG on phagocytosis of Pseudomonas aeruginosa, Staphylococcus aureus and
Streptococcus pnewmoniae by human PMNs was not observed in the absence of the comple-
ment but was observed in its presence.

Pseudomonas aeruginosa In the intact IgG group consisting of IgG and IgG (PEG),

marked phagocytosis was observed as a decrease in bacterial counts of approximately 2 logy,
at the final IgG concentration of 0.5—0.03%. In
CFU/ml | the enzyme-treated IgG group consisting of IgG

(plasmin) and IgG (pepsin), phagocytosis was noted
at alittle lower level of 2.0—1.7 logy, for IgG (pepsin)
and at a greatly reduced level of 1.2—0.7 log,, for
IgG (pepsin). Of the IgG fragments, I (ab’), showed
a decrease in bacterial counts of 0.4—0.2 log;,, which
was a greatly reduced value as compared with that
of IgG (pepsin). With Fc (pepsin), I'c (papain) and
Fab fragments, there was no phagocytosis promo-
LR tion as with albumin which was used as a control
Gl P (Fig. 2).

Staphyloceccus aureus The results were
similar to those of Pseudomonas acruginosa. In the
intact IgG group, there was a decrease of bacterial

10°
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10°

L5 3.0hr : .
l counts of approximately 1.1 log;,, whereas in the
' Tig. 2. Effect of IgG Preparations for enzyme-treated IgG group, IgG (plasmin) gave a
Intravenous Use and IgG Fragments value of approximately 1.1—0.4log,, and IgG

on - Phagocytosis of Pseudomonas

aeruginosa by PMNs (pepsin) showed a greatly reduced value of 0.6—0.1

A) PMNe, B) FAS (Fresh absorbed serum), €) log;,- Of the IgG fragments IF (ab’), revealed a

0.5% IgG, D) PMNs+FAS E) PMNs+0.5%1gG, value of 0.2—0.1 log,,, which was greatly lower than
F) FAS+0.5%IgG, G,H,1) PMNs+FAS+0.5,0.13, . : T T ;

0,039, TeGIPEG) respectively, J,K,L) PMNsF that of IgG (pepsin). With Fc (pepsin), Fc (pgpsan)
FAS+0.5, 0.13, 0.03% IgGlplasmin] respectively, and Fab fragments, there was no phagocytosis pro-
M.N.O) PMNs-+FAS+0.5,0.13, 0.03% IgGipepsin] H Fie. 3

respectively, P,Q,R) PMNs-+FAS+0.5,0.13,0.03% motion (Fig. 3). ,

IgG respectively, S.T.U) PMNs-+FAS4-;0.5, 0.13, COC neumoniae____’l‘he results
0.03%, F(ab’), respectively, V) PMNs+FAS--0.5% Strept,o O cus p .
Fab, W) PMNs+FAS+0.5%Fe. were also similar to those of the above two strains.

Phagocytosis was the most efficient in the intact
IgG group, followed by IgG (plasmin) and they by IgG (pepsin). The IgG fragments failed
to promote phagocytosis except F (ab’), which promoted phagocytosis slightly (Fig. 4).

11) L.S. Young and D. Armstrong, J. Infect. Dis., 126, 257 (1972).
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Fig. 3. Effect of IgG Preparations for
Intravenous Use and IgG Fragments
on Phagocytosis of Staphylococus
aureus by PMNs

A) PMNs, B) FAS, C)0.5%1gG, D) PMNs+FAS,
E) PMNs+0.5% IgG, F) FAS+0.5%IgG, G,H,I)
PMNs+-FAS+0.5, 0.13, 0.03% IgG[PEG] respec-
tively, J.K.L) PMNs+FAS+0.5, 0.13, 0.03% IgG
[plasmin] respectively, M,N,0) PMNs-+FAS+0.5,
0.13, 0.089 IgG[pepsin] respectively, P,Q,R)
PMNs+FAS-+-0.5, 0.13, 0.0839% IgG respectively,
S,T,U) PMNs+FAS-0.5, 0.13, 0.03% F(ab’),
respectively, V) PMNs+FAS+0.59% Fab, W)
PMNs+FAS+0.5%Fc.

10

10°

1

1.5 3.0hr

Fig. 4. Effect of IgG Preparations for
Intravenous Use and IgG Fragments
on Phagocytosis of Streptococcus
prneumoniae by PMNs

A) PMNs, B) FAS, C) 0.6%IgG, D) PMNs+FAS,
E) PMNs+0.5% IgG, F) FAS+0.5%]1gG, G,H,I)
PMNs+FAS-+0.5, 0.13, 0.03% IgG[PEG] respec-
tively, J,K,L) PMNs+FAS4-0.5, 0.13, 0.03% IgG
[plasmin] respectively, M,N,0) PMNs+FAS+0.5,
0.13, 0.03% I1gG[pepsin] respectively, P,Q,R)
PMNs+FAS +0.5, 0.13, 0.03% IgG respectively,
S,T,U) PMNs-+FAS-+0.5, 0.13, 0.03% F(ab’),
respectively, V) PMNs+FAS+Fab, W) PMNs+
FAS+0.5%Fc.

Tasre I. Agglutinin titer of IgG and Its Fragments

IgG and fragments Agglutinin titer Hemagglutinin titer
: Ps. aeruginosa
B provsin. conc. Ps. Staph. Str. 5. aeruginosa
( aeruginosa aureus preumoniae LPS OEP
1gG 23-3 @) 25 a) 21 @) 24 b) 25 b)
1gG (PEG) 223 25 2t 24 25
1gG (plasmin) 22 248 21 284 25
1gG (pepsin) 22 245 2! 284 25
F(ab’), 2% 246 2t 28 245
Fab 21 2t 2t 2t 2t
~. {papain
Fe (Pepsin> 2 21 2 2 21
Albumin 2t 21 21 21 21

a) Agglutinin titers measured by using O-antigen prepared from formalin killed.
&) Passive hemagglutinin titers measured by using LPS and OEP coated sheep erythrocytes respectively.

Agglutinin titers of IgG and Its Fragments

In order to examine whether or not the antibody titer (mainly surface antibody titer
for the microorganism) was involved in the differences in promotion of phagocytosis by PMNs
between IgG and its fragments, agglutinin titers for cellular surface were determined (Table
I). Although enzymatic treatment tends to reduce the antibody titer slightly, IgG (plasmin),
IgG (pepsin), IgG (PEG) and F(ab’), fragments showed almost the same titer, varying in the
range from 16—32 for Staphylococcus aureus, from 4—38 for Pseudomonas aeruginosa and being
less than 2 for Streptococcus pmnewmoniae. The hemagglutinin titers of these preparations
for LPS and OEP of Pseudomonas aeruginosa were 8—16 and 16—32, respectively. The
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results indicated that IgG (PEG), IgG (plasmin), IgG (pepsin) and F(ab’), fragments which
showed appreciable differences in phagocytosis tests differed only slightly in the antibody
titer. Neither Fab nor Fc reacted.

Discussion

Host defense against pyogenic bacteria which grow outside the cell involves neutrophilic
polymorphonuclear leukocytes, antibody and complement. In other words, the host’s primary
defense mechanism against pyogenic bacteria would depend on ingestion and subsequent
killing of them by the interaction of PMNs with antibody and complement.’® On the other
hand, it has been accepted that Mycobacterium and Listeria which grow within the cell are
not sufficiently treated by PMNs alone, but efficiently phagocytized and killed by macro-
phages.1®

In the present study, we prepared three IgG preparations applicable to intravenous
injection, IgG (plasmin), IgG (pepsin) and IgG (PEG) and compared the efficacy in terms
of promotion of bacterial phagocytosis i vitro using the above described pyogenic bacteria-
PMN system. As is evident from the above results with Pseudomonas aeruginosa, Staphy-
lococcus aurens and Streptococcus pnewmoniae, phagocytosis was the most efficient with IgG
(PEG), followed by IgG (plasmin) and then by IgG (pepsin).

Recently, it has been shown that the ingestion of microorganisms to PMNs involves their
surface receptors for the Fc portion of the IgG molecule (Fc receptor) and for the activated
third component of complement (complement receptor)1®. This has been confirmed by
our previous experiments on interaction of IgG molecules with phagocytic cells.'® That is,
since the ingestion of bacteria into PMNs is effected through their surface Fc receptor and
complement receptor to which complexes of bacterium, antibody and/or complement are
bound, it is necessary for antibody which coats bacteria to possess the Fc portion in its molecule.

In view of the above findings, it is considered that differences in their effect on phago-
cytosis of various IgG preparations prepared by different methods would depend on the
rate of their interaction with the PMN surface receptors.

As IgG (PEG) prepared by polyethylene glycol fractionation method consists of more than
90%, intact IgG molecules, all the molecules would have contributed to phagocytosis promo-
tion. In the case of plasmin digested IgG [IgG (plasmin)], intact IgG molecules present in
609, would have worked to promote phagocytosis. In contrast, pepsin digested IgG [IgG
(pepsin)] contains 909, or more F(ab’), fragments and little, if any monomeric IgG so that,
even though the complex of bacterium and antibody could be formed, its lack of complement
receptors and subsequent reduced binding to the Fc receptor and complement receptor on the
PMNs would have resulted in less promotion of phagocytosis.

For the same reason, the Fab fragments obtained by papain digestion could be bound
to bacteria but not to PMN membrane, resulting in the absence of the phenomenon of
bacterial ingestion. On the other hand, slight promotion of phagocytosis with F(ab’), frag-
ments would be due to weak activation of complement by the alternative pathway.'” _

In order to rule of the involvement of the antibody titer in the difference in phago-
cytosis among the IgG preparations and IgG fragments, agglutinin titers were determined
for the three strains of Pseudomonas seruginosa, Staphylococcus aureus and Sireptococcus
pneumoniae and little difference was found. We consider therefore that the differences of

2) T.P. Stossel, New Engl. J. Med., 290, 717 (1974).
3) G.B. Mackanes, . Exp. Med., 120, 105 (1964).
14) D.T. Rowland and R.P. Daniele, New Engl. J. Med., 293, 26 (1975).
15) R.P. Messner and J. Jelinek, J. Clin. Invest., 49, 2165 (1970).
)
17)

1
1

16) T. Nakajima, T. Doi, and T. Suyama, Jap. P. aeruginosa Society., No. 12, 12 (1978).
P.H. Schur and E.L. Becker, Science, 141, 360 (1973).
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the IgG preparations in phagocytic activity against bacteria could be ascribable to the struc-
tural element of IgG molecules contained in the preparations, and it is easily conceived that
the difference of various IgG preparations in phagocytotic effect is reflected in differences
in the therapeutic effect of the preparations in clinical practice.

On the basis of the above findings, it is concluded as a matter of course that the more
intact IgG molecules an IgG preparation for clinical use has in its composition, the more
effective it is as far as promotion of bacterial phagocytosis by PMNs is viewed as the inter-
action among the Fc portion of IgG molecules, the activated component of complement and
PMN surface receptors for these.
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