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Relatively buried antigenic determinants of vy-globulin revealed by pepsin
digestion which react with human anti—y-globulin factors were first described
by Osterland, Harboe, and Kunkel (1). Subsequent observations (2, 3) have
emphasized that these anti—y-globulin factors showing specificity for the
pepsin site are often associated with sera containing so-called “anti-anti-
bodies” (4-6). During a study of human sera containing anti—y-globulin fac-
tors showing specificity for sites revealed on -globulin by pepsin digestion,
evidence for marked autospecificity was obtained. Although no prozones have
been noted in several reports concerning this class of anti-y-globulin factors
(1-3, 7), studies outlined below produced evidence that patients possessing
high titers of antibody reacting with cells coated with pepsin-digested anti-
CD Ripley had inhibitors in their sera which were both auto- and isospecific.
The possiblity was entertained, therefore, that something possessing deter-
minants of the 5S pepsin fragment of 7y-globulin (8) existed free in serum of
such patients.! Further studies reported here provide evidence that sera from
normal individuals or patients with a variety of disorders contain low molecu-
lar weight 3S-5S fractions of slow gamma mobility capable of inhibiting ag-
glutination reactions directed at the pepsin site. Evidence is presented that
such lower molecular weight y-globulins possessing antigenic determinants
present in pepsin-digested y-globulin are present in native human serum. The
coexistence in normal human sera of antibody to sites on vy-globulin exposed
by pepsin digestion and low molecular weight -globulin components possessing
antigenic features present on the pepsin site provides an example of naturally
occurring autoreactivity.

Materials and Methods

Human sera containing anti~y-globulin factors with specificity for the pepsin site were
found by screening 400 sera from hospital in-patients and out-patients. Rh-positive (RyRy)

*Supported by Grants from the United States Public Health Service No. 1 T1 AM 5461
and No. AM 07372

1The 5S pepsin fragment of 7y-globulin will be designated F(ab’)e; the 3.5S S fragment,
Fab; and the portion of the S fragment comprised by heavy chains, Fd according to the ter-
minology suggested by the World Health Organization (8).
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cells coated with pepsin-digested incomplete anti-Rh antibody Ripley (1-3, 7) were used in a
slide agglutination technique as previously described. A group of seven sera with particularly
high agglutinating titers for cells coated with pepsin-digested anti-Rh antibody Ripley was
selected for study. Titers ranged from 1:256 to 1:2048 (Table I).

Serum fractions were isolated by zone electrophoresis in starch (9) using 0.1 ionic strength
Veronal buffer, pH 8.6; by Sephadex G-200 gel filtration in 0.15 M NaCl; by sucrose gradient
ultracentrifugation for 16 hr at 35,000 rpm using gradients made 5-20%, 5-30%, or 10409,
in sucrose (10); and by DEAE Sephadex chromatography using stepwise elution with 0.02 u
pH 8.0 phosphate, 0.15 M pH 6.8 phosphate, and 0.33 m pH 4.2 phosphate buffers.

Inhibition tests were done as previously described (7) using a dose of agglutinating serum
consistently showing a 2+ agglutination. Inhibitors were adjusted to 1 mg/cc protein con-
centration and tested in doubling dilutions, using as agglutinators four different sera V. G.,
L.B,D.K,and M. S.

5S pepsin fragment of yG was labeled with I, two atoms per mole protein, by the method
of Helmkamp (11). The labeled protein was cleared of aggregates by ultracentrifugation at
25,000 rpm for 2 hr, and added to various test sera.

Isolated y-globulin preparations and sera from the patients with high titers of agglutinating
antibody for the pepsin site were examined in the Model E ultracentrifuge using techniques
previously described (12, 13).

Attempts at separation of smaller y-globulin components from the bulk of 7S yG employed
Sephadex G-200 gel filtration at pH 4.0, using acetate buffers of 0.1 ionic strength. y-Globulin
fractions from zone electrophoretic separations were equilibrated with 0.1 M acetate buffer
pH 4.0 by dialysis and applied to Sephadex G-200 columns. Fractions were tested in immune
diffusion against rabbit antisera specific for human Fc fragment, F(ab’)s, and against anti-
F(ab’); antiserum absorbed with pooled L chains from Cohn fraction II. (7)

RESULTS

The studies contained in this report were prompted by an unexpected find-
ing obtained with «y-globulin fractions from the first peak of a DEAE-cellulose
column separation using the highest titered serum (L.B., Table I). Because
sucrose density gradient ultracentrifugation and Sephadex G-200 gel filtration
had confirmed the predominant 7S distribution of agglutinating activity in
most sera studied, serum L. B. was equilibrated with pH 8.0, 0.02 m phosphate
buffer and applied to a DEAE-cellulose column similarly equilibrated. The
first fall-through peak with starting buffer contained agglutinating activity as
shown in Fig. 1. However, when this peak was concentrated by ultrafiltration
through collodion membranes in the cold at 4°C, the residual concentrate con-
tained no aggluntinating activity for cells coated with pepsin-digested human
incomplete antibody Ripley. The same results were found in the case of the
six other high-titered sera applied to DEAE-cellulose columns. Ultracentrifugal
examinations of the concentrated fall-through peaks from DEAE-cellulose in
all instances showed symmetrical 7S peaks. This apparent disappearance of
strong serologic activity suggested the presence of autologous inhibiting sub-
stances.

Because serologic activity had mysteriously disappeared in starting buffer
DEAE-cellulose preparations from all high-titered sera, inhibition tests were
performed using dilutions of native serum agglutinator and material from con-
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centrated, pooled fall-through peaks of DEAE-cellulose columns equilibrated
with pH 8.0, 0.02 M phosphate buffers as inhibitor. The results are shown in
Table II. It can be seen that in all instances, inhibitory capacity showing both
iso- and autospecificity was noted in these preparations. Pepsin digestion of
autologous individual vy-globulins isolated by zone electrophoresis produced
inhibition to logs dilution of 12. On the basis of this and previous work utilizing

TABLE I

Summary of Clinical and Serological Findings among Seven Patients Showing Unusually High
Titers of Agglutinating Antibody for Cells Coated with Pepsin-Digesied Anti-CD

Antibody Ripley
Molecular
distribution
of pepsin site
. Titer with celis aﬁglutimtor
Patient Diagnosis Gm type of whole coated with y sucrose
(sex age) g serum pepsin-digested | gradient ultra-
anti-CD Ripley*| centrifugation
and/or
|Sephadex G-200
gel filtration
L.B. Hamman-Rich syndrome Gm (1,4, 5) 2048 7S
(F-62)
M.S. Metastatic carcinoma Gm (1, 4, 5) 1024 78, 198
(F-76)
D.X. Exfoliative dermatitis Gm (—~1,4,5) 512 78
(M-64)
P.S. Chronic lymphatic leukemia Gm (—1,4, 5) 256 78, 198
M-77)
V.G Rheumatoid arthritis Gm (1, —4, —5) 256 78
(F-39)
J. W, Carcinoma of stomach Gm (1, 4, 5) 256 78
(M-75)
V.F. Rheumatoid arthritis Gm (—1, 4, 5) 256 78
(F-45)

* Whole undigested anti-CD Ripley Gm (1, 4, 5).

pepsin-digested myeloma proteins (7), it was possible to estimate that concen-
trations of 0.03-0.015 mg/cc of material bearing antigenic determinants simi-
lar to those exposed by pepsin digestion of yG were present in the fractions
from DEAE-cellulose columns tested.

In addition, initial peaks obtained irom three normal sera by DEAE-cellu-
lose columns at pH 8.0, 0.02 M phosphate were tested for inhibitory capacity.
In all instances, these fractions displayed distinct inhibitory capacity of log,
dilution 2-4 for several agglutinators and cells coated with pepsin-digested
anti-CD Ripley. Thus, inhibitor could be obtained from normal sera negative
in the whole state for antibody activity directed at the pepsin site.

Since concentration of DEAE-cellulose column peaks had produced loss or
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F1c. 1. Protein curve and agglutinating activity for cells coated with pepsin-digested anti-
CD Ripley in serum L. B. applied to DEAE-cellulose column equilibrated with pH 8.0, 0.02
phosphate buffer. When fractions 11-19 were concentrated in the cold by pressure through
collodion membranes, all agglutinating activity for pepsin-digested yG disappeared. Essen-
tially the same result was noted with six other high titered sera.

TABLE II

Inhibition of Agglutination of Siz Whole Agglutinating Sera Reacting with Cells Coated by
Pepsin-Digested Anti-CD Ripley by Initial Peaks from DEAE Column Separations

Agglutinator Inhibitors tested
agljus;eg+ to
e ton | L.B., 1 MS,, 1 V.G, 1 PS. 1 55 pepsi
agglutination gt B8, of 1R A peak | DEAE pesk | DEAE peak digest
L. B. 6§ 5-6 6 4 L. B,, 5S pepsin digest 12
M. S. 6 6 6 1-2 M. S., 55 pepsin digest 12
D. K. 6 5-6 6 4 D. K., 5S pepsin digest 12
A 6 6 6 34 J. W., 58S pepsin digest 12
P.S. 6 6 6 8 P. S., 5S pepsin digest 12
V. G. 6 6 6 6 V. G., 5S pepsin digest 12

* Refers to first peak obtained when serum applied to DEAE column pH 8.0, 0.02 M phos-
phate buffer.

1 5S pepsin fragment obtained from pepsin digestion of isolated individual +G.

§ Log: dilution of inhibitor effective in inhibiting agglutination. Inhibitors were adjusted
to 1 mg/cc.
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abolition of serologic agglutinating activity for the pepsin site, it seemed pos-
sible that some cleavage had occurred spontaneously within the various -
globulin fractions. That such splitting might occur after storage of isolated
myeloma proteins for 1-3 wk was apparent in an earlier study (7). In an at-
tempt to study this problem further, fresh sera collected from normal blood
donors were tested within 12 br of separation from the ceils by centrifugation.
These sera were not subjected to any fractionation procedures, but were tested
in the neat and diluted state for inhibitory capacity for the pepsin site. 5 of the
10 sera so tested showed concordant inhibition of three different agglutinators.
Two other sera inhibited two of the three agglutinators. Thus, in 7 of the 10
fresh sera tested inhibitory activity for the pepsin site was found.

Separation Procedure Used in an Attempt tv Characterize Autologous Inhibi-
tors.—The next procedure of separation applied was zone electrophoresis (9).
The distribution of ¥G, YA, and yM, as well as the results of agglutination and
inhibition reactions are depicted in Fig. 2. It can be seen that agglutinating
activity for cells coated with pepsin-digested anti-CD Ripley was detected in
4-, 8-, and albumin zones of sera which showed agglutinating activity in the
whole state. In addition, normal sera devoid of agglutinating activity in the
whole state showed weak agglutination in the albumin region. The reaction in
the albumin region of both negative and positive sera was not inhibited by
G, 5S pepsin fragment, 3.5S S fragment, or normal serum albumin. Control
cells (including CD negative cells), not coated with pepsin-digested anti-CD
Ripley, were agglutinated to the same degree as coated R;R; cells, and activity
toward coated cells was abolished by absorption of the appropriate fractions
with washed uncoated cells. The nature of this agglutinating activity was not
investigated further, but resembles the albumin-active, autoagglutinating
system reported by others (14).

Of special interest was the finding that distinct inhibition could be found in
some of the slow starch block fractions devoid of agglutinating activity. Such
fractions showed precipitins by immune diffusion in some instances with rabbit
antisera to F(ab’);, but not with anti-Fc. The most clearcut inhibition was
notable in slow <y-globulin fractions from zone electrophoretic separations of
normal serum not possessing agglutinating activity for pepsin-digested, anti-
CD Ripley—coated cells in the whole unfractionated state (Fig. 2, normal
serum V2-180). Thus, in positive and negative sera, fractions of slow y-elec-
trophoretic mobility or appearing in the fall-through peak of starting buffer
for DEAE-cellulose columns appeared to contain antigenic determinants simi-
lar to those involved in the pepsin site antigen.

The next approach towards characterizing inhibiting substances in both
positive and negative sera employed ultracentrifugation in sucrose gradients
and Sephadex G-200 gel filtration. An example of detection of inhibiting ca-
pacity after sucrose gradient separation is shown in Fig. 3. Inhibition of several
agglutinating systems specific for the pepsin site as manifested by cells coated
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F16. 2. Zone electrophoresis separations of two sera, D. K. and J. W., showing distribution
of agglutinating activity (Agglut.) for cells coated with pepsin-digested anti-CD Ripley as
well as fractions of slow y-electrophoretic mobility which showed inhibitory capacity (Inhibit.)
The normal serum V2-180 shown below revealed marked inhibitory capacity in slow y-globulin
fractions. Agglutinations noted in albumin zones were not inhibited by pepsin-digested -
globulin nor by albumin and could be absorbed out with uncoated human cells. They were,
therefore, felt to be a separate phenomenon and not studied further.

238



THOMAS G. LAWRENCE, Jgr., AND RALPH C. WILLIAMS, Jm. 239

20 DK B Agglut.
: 5-30 % Sucrose 3 Inhibit.

gl ve-180 O inhibit.
Normal Serum

16
14+

o
12 /'\/

oD .
/7

T
\.

03 hd ]
/ 106 DIL.

08 > -6
/ s
. 2 -4
/ 3
2f S r2
0.2 .ﬂ ﬂ H o/ |

i T T e B R s B L

H 1 9 1 i3 T8

T

1
I 3 5 1 2
Bottom op

F16. 3. 5-30%, sucrose gradient separation of serum D. K. possessing agglutinating activity
(Agglut.) for cells coated with pepsin-digested anti-CD Ripley predominantly in the 7S region.
Inhibition (Inhibit.) was notable in 35 region as well as slight inhibitory effect below 7S region.
The normal serum V2-180 not possessing detectable agglutinator shows a similar distribution
of inhibitor. Control experiments with 20 and 30%, sucrose revealed that these concentrations
inhibited the agglutination reaction to a loge dilution of 2. No inhibition was noted with 10

or 5%, sucrose.
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with pepsin-digested anti-CD Ripley was notable in fractions sedimenting
well above the 7S zone. However, slight inhibition was also present in lower
fractions and since sucrose alone in concentrations of 20-30% produced slight
inhibition of agglutination systems, attention was next directed to gel filtration
experiments.

Sephadex G-200 gel filtration of several high titered sera (L. B., D. K., V. G.)
revealed serologic agglutinating activity for pepsin-digested, anti-CD Ripley-
coated cells only in 7S regions, whereas two sera separated by this method
(M. S. and P. S.) showed 7S and 19S agglutinating activity. When gel filtration
fractions of both positive and negative pepsin-agglutinator sera were studied
for their inhibitory capacity, consistent inhibition was noted in the lowest
molecular weight fractions (5S or below). Of considerable interest was the
finding that normal serum V2-180 showed weak but definite agglutination in
19S fractions from the Sephadex G-200 separation shown in Fig. 4, whereas
the whole serum had been negative when tested with pepsin-digested, incom-
plete antibody Ripley-coated cells. These findings indicated concomitant
agglutinating activity of 7S or 19S distribution along with the presence of
inhibitor 3S-5S in both strongly positive and negative sera.

An attempt was next made to obtain low molecular weight material from
positive and negative sera by Sephadex G-200 gel filtrations in acid buffer at
pH 4.0. Slow starch block fractions from sera such as V2-180 (Fig. 2) were
equilibrated by dialysis against acetate buffer pH 4.0, 0.1 M, and applied to
columns equilibrated with the same buffer. In addition 7S fractions from pre-
vious Sephadex G-200 column separations in 0.15 M saline were applied to
columns equilibrated with the pH 4.0 buffer. The results of such attempts at
isolation of inhibitor are shown in Fig. 5. It can be seen that low molecular
weight inhibiting material appearing in Sephadex G-200 effluents in the 35-5S
region could be recovered using these acid buffer conditions. Indeed, evidence
for autologous previously complexed inhibitor was obtained in experiments
such as that shown in the upper portion of Fig. 5. Here the 7S region of a pre-
vious Sephadex G-200 separation of serum L.B. was recycled over Sephadex
G-200 in pH 4.0 buffer. Low molecular weight materials capable of inhibiting
agglutinator L.B. as well as other sera were thereby recovered.

Further evidence related to the antigenic character of low molecular weight
v-globulins present in both positive and negative pepsin site-agglutinating
sera was obtained by inhibition of precipitation reactions in agar gel. It was
noted that such lower molecular weight materials inhibited precipitation reac-
tions apparently preferential for antigenic sites on 5S pepsin fragment but not
those reacting with Fc. In these reactions antisera made against the 5S pepsin
fragment of y-globulin were absorbed with 3.5S papain S fragment, providing
an antiserum still showing residual precipitins for 5S pepsin fragment (7).

Some insight into possible complexing of 7S pepsin site agglutinators with
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to log dilution of 5-6 was noted in lower molecular weight fractions 35-5S.

The normal serum V2-180 shows weak 19S-agglutinating activity in separated state although it is negative when
tested as whole serum. Of interest was concomitant inhibitor in serum V2-180 found in 3S region of Sephadex
column separation, Low molecular weight 35-5S inhibitor was similarly recovered from two other fresh normal sera

by Sephadex G-200 filtration.

241



HUMAN ANTI~Y-GLOBULIN AND PEPSIN-DIGESTED Y-GLOBULINS

242

0% Hd

e uopen[y [98 1yye (F[-ZA WNIE JO SUOHIRI] YOO[q UIIBIS MO[S WOI] PAure’qo (“Jquuy) Iojiqrqur 1Y3@m IBNIB[OW MO[ LMOYS ST MOPY

"PRI9A0DAI (*JIqIYU]) SI01IGIYUT JYSRA Je[ndajowr Jamof §*/, Hd 03 Yorq SISA[eIp 193¢ Pur UWM[Od PRE Ue 1940 (Jn[Edy) popLosl

[ I

"ON "14
be 28 0f 82 982 W 24

\ /

(40019 Y424045) UIINGoI5 A OB8I-2A

— T T T T T
st

\ /]
/. . \.\ |
/

./ . A
W Io'Op Hd o
13310 3}D43ID Ul Q-0 19A0

wnJiag |DWION

T T
i LIad LT Sy
N..
m'L
Q:
ml
m;
1S 6
1 .
24 L
m»
vl
n;
o.
T1Ga01
wayu o
by @

‘ON"44

T T T
ot —e——en .

d
o\o\o:lol./o\- —

W 100 ]
Hd 13}jng 83D)390 Ul
002-5 43A0 P3J2AdaL
%03d 002-9 ‘87 pug

RS & g o L 6
T 7

sem ‘g T wnaas Jo uoneredss snowaxd woiy yead goz-0) xepeydag puodss sy, 0y Hd Pnq pre ur wonely P8 0pz-n xopeydss ¢ oIg

10
e0
£0
ao
¥o
§0
50

10

20
ao

£0

¥0



THOMAS G. LAWRENCE, Je., AND RALPH C. WILLIAMS, JR. 243

5S pepsin-digested yG-fragments was sought in two ways. 5S pepsin fragment
labeled with *I was added to various sera both positive and negative in the
whole state for agglutinating activity against pepsin-digested, anti-CD Ripley-
coated cells. After incubation at room temperature for 2 hr, ultracentrifugation
for 16 hr in 10-40 % sucrose gradients failed to show consistent shifts in curves
of radioactivity when labeled 5S pepsin yG-fragments had been added to sera
possessing high titers of pepsin site agglutinators. In similar fashion, 5S pepsin
fragments of vG when added to whole serum possessing high titers of agglu-
tinating activity for pepsin-digested, anti-CD Ripley—coated cells showed no
discernible new complexes in the analytical ultracentrifuge.

Similar experiments were performed using sera positive and negative for
pepsin site-agglutinating activity and incubation at room temperature for 2
hr with 2*[-labeled 5S pepsin fragment of ¥G. Subsequent zone electrophoresis
of serum-1%#] F(ab’), mixtures in parallel with labeled 5S pepsin fragment alone
showed no detectable shift in specific electrophoretic mobility of labeled ma-
terial within sera showing high titers of pepsin site-agglutinating activity.

Quantitative precipitin curves were constructed using #*I-labeled 5S pepsin
fragment. Two sera with strong agglutinating activity toward Rh-positive
cells coated with pepsin-digested anti-CD Ripley were selected. Using 0.2 cc
of serum and from 0.2 to 86 ug of F(ab’), per tube no significant deviation
from the antigen control could be detected by either protein determination or
radioactive counting of the washed precipitates. Thus, no precipitating anti-
body for sites revealed on yG by pepsin digestion was apparent.

DISCUSSION

The studies described above were performed primarily because of the rela-
tively high frequency in normal human sera of agglutinating antibodies with
specificity for sites on vy-globulin uncovered by pepsin digestion. The initial
reports describing this type of anti—y-globulin factor (1) as well as subsequent
surveys (7)? of a large number of sera from normal blood donors and patients
in hospital have shown that about one third of all human sera contained this
type of antibody. The incidence rises precipitously with age, and in sera from
60 patients between the ages of 60 and 80 yr pepsin site agglutinators were
found in some 60%.* Since this variety of anti—y-globulin factor is relatively
common among normal human sera, some insight into its genesis and specificity
seems warranted.

The clearcut results of autologous inhibitory substances were actually un-
covered by isolation procedures when DEAE-cellulose peaks recovered with
starting pH 8.0, 0.02 M phosphate buffers were concentrated and lost serologic
activity. The most direct demonstration of native inhibitory materials which

21. D. Wilson and R. C. Williams, Jr. Unpublished observations.
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resembled or contained antigenic structures similar to those uncovered on
pepsin-digested ¥G was notable in the zone electrophoresis separations of
normal sera negative for pepsin site-agglutinating activity in the whole state.
In all of eight such instances tested, inhibition was localized to the slow v-
globulin fractions of starch block separations. Moreover, a clear estimation of
the relative size of inhibitory materials present in native serum was gained by
inhibition experiments from Sephadex G-200 gel filtration separation pro-
cedures. In all instances, predominant inhibitory capacity was noted in the
3S-5S fractions. Some enrichment or relative increment of smaller y—globulin or
lower molecular weight-inhibiting material was gained when Sephadex G-200
separations were performed in an acid millieux at pH 4.0 designed to dissociate
7S antibody from 35S or small antigen. Indeed, acid conditions were not a requi-
site of the latter and separation of agglutinator from smaller inhibitor could be
achieved using 0.15 M NaCl Sephadex G-200 column filtration. This suggests
that if autologous antigen-antibody complexes exist in normal sera possessing
high titers of pepsin site-agglutinating activity, their dissociation is relatively
easy and perhaps a continuous dynamic phenomenon.

The possibility remains that spontaneous fracture of autologous native
v-globulins may occur and be responsible for the low molecular weight ma-
terials antigenically related to the 5S pepsin fragment and detected in this
study. Fresh whole normal human sera tested within several hours of collection
showed inhibitory capacity for pepsin site agglutination systems. It is con-
ceivable that the clotting process itself may actuate some breakdown or altera-
tion in 4-globulin fractions of serum. Pertinent to this entire problem are the
recent reports of demonstrable proteolytic activity in various <y-globulin
preparations (15, 16).? The lability or ease of exposure of the relatively buried
antigenic determinant on pepsin-digested <y-globulin therefore becomes im-
portant. Studies by Waller* have recently indicated that complete digestion
of the Fc or F fragment may not be necessary to expose the pepsin site antigen.
The ease of exposure of this antigenic structure and the large proportion of
normal human sera containing antibody directed towards it are of interest.

The exact nature of the 3S-5S autologous inhibitor present in sera with
antibodies directed at the pepsin site is still not clear. The technique of inhi-
bition of agglutination shown previously to be capable of detecting 58 pepsin-
digested -y-globulin or pepsin fragments of various myeloma proteins in log.
dilution of 11-12 or 0.0008 mg/cc (7) was certainly much more sensitive
than immune diffusion or agar gel precipitation methods used in general fashion
to calibrate distribution of yG-antigenic determinants, That autologous inhibi-
tor was not necessarily antigen-antibody complexes was clear from its distri-

3B. Robert and R. S. Blockman. 1966. Studies on the proteolytic activity of “y-preparations.
Information Exchange Group No. 5. Scientific Memo No. 207.
4M. Waller. 1966. Personal communication.
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bution in Sephadex G-200 gel filtration experiments. Harboe and coworkers
(2) and recently Natvig (3) have emphasized the concurrent appearance of
anti~y-globulin factors showing specificity for pepsin-digested yG, as well as
sites uncovered or juxtaposed by combination of antibody with antigen; so-
called “anti-antibodies” (4, 5).

Recent reports (3, 17) have demonstrated some apparent selective speci-
ficity of pepsin site agglutinators for pepsin-digested anti-Rh incomplete anti-
bodies seemingly dependent on the Gm type of the native anti-Rh serum. Such
specificity was not readily apparent in previous studies (1, 7) but may be
directly implicated in the studies of autologous inhibition presented here. It is
of interest that the Gm types of the native sera studied here were of disparate
types, but that all contained at least one Gm factor present in the whole anti-
CD Ripley used after pepsin. digestion to coat Rh-positive cells. Four high
titered sera agglutinating pepsin-digested, anti-CD Ripley—coated cells were
Gm (1, 4, 5). Three were Gm (—1, 4, 5), and one was Gm (1, —4, —5) (18).
Further study using a broader spectrum of single pepsin digested anti-Rh
antibodies is needed to clarify this point. Pertinent to this matter are the find-
ings in Table IT, where some variation in inhibitory capacity was notable using
DEAE-cellulose~isolated «y-globulin fractions of serum P.S. Gm (-1, 4, 5).
Marked autospecificity, log, dilution of 8, was notable for inhibition of serum
P.S., but deficiency in inhibition for serum M.S. Gm (1, 4, 5) was present.
Since low molecular weight inhibitor was present in all positive agglutinating
sera studied, it seems likely that the primary specificity of pepsin site agglu-
tinators is directed toward autologous determinants.

Finally, recent studies on low molecular weight y-globulins (19-21) are
directly pertinent to our finding of native serum 35-5S inhibitors of vy-mobil-
ity. The studies by Fireman and coworkers (20) as well as later extensive
studies of 3$ plasma «-globulins by Tkenaka, Gitlin, and Schmid (21) revealed
immunologic cross-reactions between 7S yG, S fragment, and the 3S vy-globu-
lins isolated from plasma. Peptide maps as well as amino acid composition of
these 3S <y-globulin serum components indicated distinct differences from B
chain or Bence Jones proteins. These differences make it seem unlikely that the
3S vy-globulins studied by these workers were directly derived as metabolic
products or fragments of ¥G. Study of a sample of the 3S y-globulin kindly
furnished by Dr. Schmid showed that this material did not inhibit pepsin site
agglutination reactions in concentrations up to 2 mg/cc. Another report of
3.5S y-globulin antibodies has recently appeared (22). These studies along
with a number of previous reports provide evidence that -globulin compo-
nents of low molecular weight may exist in serum (23, 24). Relatively elevated
levels of free L chains have recently been described by several groups (25, 26)
in the case of serum sickness and disseminated lupus erythematosus. Subse-
quent observations have extended this concept in the case of certain patients
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with multiple myeloma (27). The concept of free antigen or presumptive po-
tential antigen such as the pepsin fragment of y-globulin being present or
complexed in serum is somewhat new. A situation would then be obtained in
which patients with high titers of antibody or high levels of pepsin site agglu-
tinators may have formed antibodies to determinants of yG revealed or un-
covered during autologous immunoglobulin catabolism. If antibodies showing
specificity for 5S pepsin digested y-globulin or its Fd determinants (7, 17)
are present in a large proportion of normal random human sera and if the
initiating antigen be autologous vy-globulin antigenic structures present as a
by-product of y-globulin catabolism, then a physiogenic or normal autoanti-
body does not seem particularly disquieting, Further investigation into the
physiologic function of antibodies showing pepsin site specificity is needed.
Whether such factors are operative in monitoring catabolic rates of yG-globu-
lin would be of interest. This is particularly pertinent in view of the rapid
turnover and elimination of 5S pepsin fragment previously reported (28, 29).
However, more recent studies by this same group (30) have indicated that
complexes of specific Fab and antigen or F(ab’); and antigen (BSA) persist
longer in the circulating state than Fab or F(ab’), alone. These latter obser-
vations are of particular importance to some of the findings in the currently
reported study.

SUMMARY

Many sera from normal individuals as well as patients with various disease
states contain agglutinating antibodies which show specificity for antigenic
determinants of y-globulin revealed by pepsin digestion at pH 4.1. Sera con-
taining such agglutinating activity as well as sera negative for these agglu-
tinators contain low molecular weight (3S-5S) components of slow ~-mobility
which inhibit these agglutination reactions. Low molecular weight inhibitors
show both auto- and isospecificity, and are antigenically related to the 5SS
pepsin fragment of -y-globulin. A common situation is thereby revealed in
which human anti—y-globulin antibodies showing specificity for pepsin-digested
v-globulins are present in serum along with low molecular weight y-globulin
components capable of inhibition. Autoreactivity or autospecificity of such
anti—y-globulin factors is a phenomenon shared by both normal human sera
and sera from patients with various disease states.

BIBLIOGRAPHY

1. Osterland, C. K., M. Harboe, and H. G. Kunkel. 1963. Anti-y-globulin factors in
human sera revealed by enzymatic splitting of anti-Rh antibodies. Vox San-
guings. 8:133.

2. Harboe, M., B. Rau, and K. Aho. 1965. Properties of various anti-y-globulin
factors in human sera. J. Expil. Med. 121:503.



11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

THOMAS G. LAWRENCE, Jr., AND RALPH C. WILLIAMS, Jz. 247

. Natvig, J. B. 1966. Reaction of human anti-antibodies with incomplete anti-D

and its sub-units. Acta Pathol. Microbiol Scand. 66:383.

. Milgrom, F., S. Dubiski, and G. Wozniczko. 1956. Human sera with “anti-

antibody.” Vox Senguinis. 1:172.

. Milgrom, F. 1962. Rabbit sera with “anti-antibody.” Vox Sanguinis. 7:545.
. Natvig, J. B. 1966. Heterogeneity of anti-antibodies in individual human sera.

Acta Pathol. Microbiol. Scand. 66:188.

. Williams, R. C., Jr., and T. G. Lawrence, Jr. 1966. Variations among <y-globulins

at the antigenic site revealed by pepsin digestion. J. Clin. Invest. 46:714.

. Ceppellini, R., et al. 1964. Nomenclature for human immunoglobulins, Buli.

World Health Organ. 30:447.

. Kunkel, H. G. 1954. Zone electrophoresis. Methods Biochem. Analy. 1:141
. Kunkel, H. G. 1960. Macroglobulins and high molecular weight antibodies. In

The Plasma Proteins. F. Putnam, editor. Academic Press, Inc., N. Y. 1:279.

Helmkamp, R. W., R. L. Goodland, W. F. Bale, I. L. Spar, and L. E. Mutschler.
1960. High specific activity iodination of y-globulin with iodine-131 mono-
chloride. Cancer Res. 20:1495.

Trautman, R. 1956. Operating and comparing procedures facilitating Schlieren
pattern analysis in analytical ultracentrifugation. J. Phys. Chem. 60:1211.

Schachman, H. K. 1959. Ultracentrifugation in Biochemistry. Academic Press,
Inc, N.Y.

Moore, B. P. L., I. Linins, and J. McIntyre. 1959. A serum with an albumin-
active, autoagglutinating property. Blood. 14:364.

Robert, B., Y. Denés, and Y. Crépin, 1965. Mise en évidence de peptides dia-
lysables accompagnant les y-globulines dans leur préparation. Compt. Rend.
Acad. Sci., Paris. 260:734.

Robert, B., R. S. Bockman, and Y. Crepin. 1965, Studies on peptide liberation
from degrading vy-globulins. Biockem. J. 95:21P,

Natvig, J. B. 1966. Heterogeneity of anti-y-globulin factors detected by pepsin-
digested human yG-globulin. Acta Pathol. Microbiol. Scand. 66:369.

Ceppellini, R., et al. 1965. Notation for genetic factors of human immunoglobulins.
Bull. World Health Organ. 33:5.

Porath, J., and N. Ui. 1964. Chemical studies on immunoglobulins. I. A new
preparative procedure for vy-globulins employing glycine-rich solvent systems.
Biochim. Biophys. Acta. 90:324.

Fireman, P., E. Herschgold, F. Cordoba, K. Schmid, and D. Gitlin. 1964. Low
molecular weight v-globulins of urine and plasma and their relation to 7S
va-globulin, Nature. 203:78.

Ikenaka, T., D. Gitlin, and K. Schmid. 1965. Preparation and characterization
of the low molecular weight human plasma 3S -y;-globulins. J. Biol. Chem. 240:
2868.

Kuwahara, O., S. Shinka, M. Imanishi, N. Miyagawa, T. Mori, and T. Amano.
1966. Low molecular weight 3.5S antibodies in rabbit antisera. Bikens J. 9:1.
Berggird, 1. 1961. On a v-globulin of low molecular weight in normal human

plasma and urine. Clin. Chim. Acta. 6:545.



248 HUMAN ANTI-Y-GLOBULIN AND PEPSIN-DIGESTED ‘y-GLOBULINS

24.

25.

26.

27.

28.

29,

30.

Franklin, E. C., M. Meltzer, F. Guggenheim, and J. Lowenstein. 1963. An unusual
micro-gamma-globulin in the serum and urine of a patient. Federation Proc. 22:
264.

Epstein, W. V., and M. Tan. 1964. Bence Jones proteinemia associated with
systemic lupus erythematosus. Arikritis Rhewmat. 7:733. (Abstr.)

Vaughan, J. G, and E. V. Barnett. 1965. Increased production of circulating
L-chains in acute serum sickness. Arthritis Rheuwmat. 8:476. (Abstr.) In press.

Williams, R. C., Jr., R. D. Brunning, and F. A. Wollheim. 1966. Light chain dis-
ease—an abortive variant of multiple myeloma. Ann. Internal Med. 65:471.

Spiegelberg, H. L., and W. O. Weigle. 1965. The catabolism of homologous and
heterologous 7S gamma globulin fragments. J. Exptl. Med. 121:323.

Fahey, J. L., and A. G. Robinson. 1963. Factors controlling serum %-globulin
concentration. J. Expil. Med. 118:845.

Spiegelberg, H. L., and W. O, Weigle. 1966. The in vivo formation and fate of
antigen-antibody complexes formed by fragments and polypeptide chains of
rabbit yG-antibodies. J. Exptl. Med. 123:999.



