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The occurrence of antibodies which react 
with tissue extracts in the sera of convales- 
cent humans and experimental animals fol- 
lowing recovery from thermal injury has fre- 
quently been reported ( 1 ) .  On the premise 
that such antibodies were at  least partly di- 
rected against the proposed "burn toxin," 
therapeutic use of such sera was recommend- 
ed ( 2 ,  3 )  but it has failed to gain acceptance 
( 1 ) .  I t  was suggested that immunologic reac- 
tions demonstrable with convalescent sera 
were attributable to antibodies specific for 
bacteria present on the burn wound, rather 
than to interaction with tissue breakdown 
products ( 4 ) .  The present observations indi- 
cate that antibodies against skin extracts are 
in fact induced. Acid extraction, but not 
aqueous extraction, of normal skin yields a 
fraction which will react with convalescent 
sera of rats, whereas the antigenic substances 
can be obtained by both aqueous and acid 
extraction of burned skin. 

Materials and Methods. >\Isle Holtzman 
rats, 200-250 g, were given a standard burn 
of 20'j/( body weight immersion in water at 
90" for 20 sec under ether anesthesia ( 5 ) .  
Rats were sacrificed by ether anesthesia 24 
hr later and the burn area was removed for 
extraction of antigens. The skin was frozen at  
-10" until used. Minced normal or burned 
skin, held in an ice bath, was homogenized in 
saline. Partial emulsification of burned skin 
was obtained: normal skin, however, was ex- 
tremely resistant to mechanical disruption. 
The supernate obtained by centrifugation at  
13,0001: for 1 5  min at  5" was used as a 
crude skin extract. Neutral salt-soluble and 
acid-soluble collagens were also prepared 
from minced rat skin and purified by the 
method of T'iez et al. ( 6 ) .  Latex particles 
were passively sensitized with crude skin es- 
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tracts or with purified collagen preparations 
solubilized by heating to 45" for 30 min. 
Twenty-five mg of protein were added to 50 
ml of a 0.1 'j/( suspension of Bacto-Latex 0.8 1 
(Difco). and resuspended in 100 nil of buffer. 

Doubling dilutions of serum were prepared 
in  Bacto RA-buffer and an equal volume of 
sensitized latex particles added to each tube. 
After overnight incubation at  37" the tubes 
were centrifuged at  lOOOg for 10 min and the 
particles resuspended by gentle agitation. 

Absorption spectra of the purified collagen 
and gelatin between 230 and 290 mp were 
determined in a Beckman DU spectrophoto- 
meter. Amino acid content was determined in 
a Spinco amino acid analyzer after autoclav- 
ing of the specimen with 6 h' HC1 under 
nitrogen in a sealed ampoule. 

Serum globulins, precipitated by one-third 
ammonium sulfate saturation, were dissolved 
in water and dialyzed against Bacto RA- 
buffer. Serum was separated by chromatogra- 
phy on Sephadex G-200 columns and the 
various fractions tested against collagen-latex 
suspensions. Sedimentation constants of the 
reactive fractions were determined in a Spin- 
co model E analytical ultracentrifuge. 

Burned rat sera were absorbed with gela- 
tin, acid-extracted collagen from normal rat 
skin or acid-extract collagen from burned rat 
skin. Approximately 10 mg of precipitated 
protein were used to absorb 1 ml of serum by 
incubation for 48 hr in the cold followed by 
centrifugation to remove the precipitate. Salt- 
extracted collagen was absorbed to latex par- 
ticles by the above procedure. Burned rat 
sera and normal human sera were treated 
with 2-mercaptoethanol by the method of 
Deutsch and Morton ( 7 ) .  

Rcszrlts. Sera from normal rats, diluted 
1 : 4, failed to agglutinate latex particles 
coated with crude saline extracts of burned 
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FIG. 1. Antibody to acid-extracted collagcn in scra 
of burned rats. 

rat skin. Similarly negative results were ob- 
tained from test animals in the first 3 days 
postburn. However, 4-7 days after injury, 
agglutination could be demonstrated in in- 
creasing titer to a maximum of 1 : 16, and was 
shown to persist through the 70-day period 
of observation. 

During the storage of crude skin extract a t  
5" for prolonged periods, a gelatinous pre- 
cipitate appeared. Following separation by 
centrifugation, this material was redissolved 
by warming to 45" and was used to coat latex 
particles. These were agglutinated by sera 
from burned rats but not from normal rats. 

Hydrolysis of the gelatinous precipitate 
with 6 S HCl, followed by amino acid analy- 
sis, yielded a significant amount of the amino 
acid hydroxyproline. Since these findings 
suggested that thermal injury had produced 
denaturation of skin collagen to a gelatin-like 
material, latex particles were coated with 
bovine gelatin and were tested against normal 
and burned rat sera. Titers of 1:8 were 
obtained consistently with sera from burned 
animals, one dilution lower than against the 
homologous extract. Normal rat sera did not 
react with gelatin-coated particles. When 
purified salt-extracted and acid-extracted col- 
lagens were used as antigens, titers similar to 
those obtained with crude skin extract were 
noted only when acid-extracted collagen was 
used (Fig. 1 ) . Normal rat sera gave negative 
results. 

Similar results were obtained with pooled 

sera from normal and burned animals. I t  was 
also shown that the agglutinogen could be 
readily extracted from normal rat skin by 
acid treatment but not by saline. 

Amino acid analysis of the purified acid- 
extracted collagen revealed a lack of cystine 
and tyrosine and a high hydroxyproline con- 
tent. Spectrophotometric examination showed 
no absorption maxima at  260 and 280 mp. 
Since these observations illustrated marked 
similarity of the acid extract to gelatin, USP, 
cross-absorp t ion studies were performed 
which showed that the acid-extract effectively 
removed antigelatin antibodies (Table I ) .  
Conversely, absorption of the serum with gela- 
tin lowered the titer against collagen but 
did not remove all of the antibody, even after 
2 absorptions with relatively large amounts. 
Similar cross-absorption studies with salt- 
extracted collagen revealed that particles 
coated with this preparation, although not 
agglutinated by serum from burned animals, 
could nonetheless remove the agglutinin for 
acid-ex trac ted collagen. 

The fact that the agglutinin was precipi- 
tated by dialysis against distilled water sug- 
gested the presence of a high molecular 
weight globulin. The globulin fraction ob- 
tained by 309, ammonium sulfate precipita- 
tion was therefore fractionated on Sephadex 
G-200 (Fig. 2 ) .  When the three fractions 
obtained were tested against collagen, the ag- 
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FIG. 2 .  Gel filtration of burned rat sera on 
Sephadex G-200. 

glutinin was found to be concentrated solely 
in the first fraction containing the high mo- 
lecular weight components. Ultracentrifugal 
analysis revealed two main peaks having S,O 
values of 16.3-16.5 X and 4.9-5.0 X 
10-13. Treatment of sera with 2-mercapto- 
ethanol resulted in inactivation of the agglu- 
tina ting activity. 

Sera from normal, nonburned adult hu- 
mans examined for anticollagen activity con- 
tained titers against rat collagen which ap- 
proximated those found in sera from burned 
rats. When tested against bovine gelatin, 
however, they gave consistently higher titers 
than against rat collagen. The activity of all 
of several samples tested was destroyed by 
2 -mercaptoethanol. 

TABTZ 11. Agglutinin Titers of Sera (normal and 
burn patients) against Bovine Gelatin. 

Reciprocal of 
agg. titcr Korninls Burn patients 

128 2" 
G4 3 
32 G 1 
16 1 2 
8 5 
4 3 

<4 4 

a No. of samples esnmined. 

In  view of the occurrence of antibody 
against gelatin in the sera of normal individu- 
als, it was anticipated that patients recover- 
ing from thermal injury would show elevated 
titers, on the premise that collagen-like mate- 
rial released through thermal trauma would 
serve as a "booster" mechanism. However, 
examination of sera from burn patients re- 
vealed that titers of sera from burn patients 
were in fact lower than those of normal sera 
(Table TI).  Of those patients from whom 
sequential sera were obtained (Table TTI), 
only two (RE and FE) were early burns and 
neither of these could be followed for more 
than 2 7  days. I t  is of interest to note, howev- 
er, that in both instances activity was not 
detected in the earlier samples. The serum 

TABJ,E 111. Anticollagen and Antigelatin Anti- 
body in Scrnm from Riirn patients. 

Agglutiiun tit (lr 
vcrsiis 

Days 3 "  Burn 
Pnt.icnt postburn (%) 

Rat 
eollagell 

Bovine 
gelatin 

R.E G 34 
14 
22 
28 
33 

FE (i 3 
14 
22 
28 
33 

TAT< 21 13 
28 
35 
40 
47 
55 
62 

J I1 33 12 
40 
45 
52 
GO 
67 
75 

Pooled noriiial rat 
Pooled burned rat 

Ncg. 
Ncg. 
1 : 4  
1 : s  
Neg. 

Ncg. 
1 :4  
1 : s  
1 :10 
1 : s  

1 :4 
1:8 
1 :4 
1 :4 
1 :4 
1:4 
1 :4 

1:8  
1 :4  
1 : s  
1:8 
Neg. 
1:4 
1 :4 

Neg. 
1:32 

Neg. 
Neg. 

1 :4 
Ncg. 

Keg. 

Neg. 
Neg. 
1 :G4 
1:32 
1 :32 

1:lG 
1:32 
1:lG 
1:lG 
1:8  
1:32 
1:8 

1:64 

1:32 
1:64 
1:64 
1:64 
1 : 128 

Neg. 
1:lG 
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titer of FE, whose injury was minor (3% 
third degree) returned to the level found in 
normal sera by day 2 2  postburn, whereas 
that of RE (34% third degree) remained low 
or negative during the 26-day period of ob- 
servation. A third patient (LK, 13% third 
degree), studied from days 2 1  to 62 post- 
burn, demonstrated fluctuating titers in the 
lower normal range. Titers obtained on serum 
samples from a fourth patient beginning on 
day 33 postburn were within the range of 
those seen in normal individuals. 

Discussion. It was long believed that gela- 
tin was not antigenic and that this lack of 
antigenicity was attributable to a deficiency 
of aromatic amino acids (8, 9) .  Maurer (10) 
and Grabar ( 1 1 ), however, showed that natu- 
rally occurring antibodies to gelatin can be 
demonstrated in man and other species and 
that the titer can be increased by immuniza- 
tion. In considering the origin of these anti- 
bodies, Maurer was unable to correlate them 
with gelatin in the diet and suggested that 
they may be produced as the result of the 
action of certain enzymes on the collagen of 
connective tissue, with conversion to a gela- 
tin-like substance which was then antigenic. 

Klein et al. (12) reported substantial 
breakdown of collagen following thermal in- 
jury and showed that burn patients on a 
gelatin-free diet excreted large amounts of 
hydroxyproline-containing peptides in the 
urine. Hydroxyproline excretion rose immedi- 
ately following the burn, reached a peak 
about 1 5  days postburn, declined sharply in 
the next 10 days, then slowly in subsequent 
weeks. Higher than normal values persisted 
through day 80 postburn. 

I t  is conceivable, therefore, that following 
severe thermal trauma, breakdown products 
of collagen of greater complexity than salt- 
soluble gelatin are released into the circula- 
tion and become accessible to immunological- 
ly competent cells. That such a mechanism 
may be operable is suggested by the fact that 
the agglutinating substance can be extracted 
readily from burned, but not from normal, 
rat tissue. In the rat, antigenic stimulation is 
evident in the appearance of anticollagen an- 
tibodies shortly after injury. The occurrence 

of such antibodies in the sera of normal adult 
humans may reflect the release of such anti- 
genic moieties following minor burns and oth- 
er forms of trauma in day-to-day activities. 

I t  was also noted that particles coated with 
acid-soluble collagen from normal skin were 
agglutinated, whereas those coated with salt- 
extracted collagen were not, although the lat- 
ter would absorb the antibody. The difference 
in agglutinability of the two products ap- 
pears to depend on the complexity of the 
molecule, since their chemical composition is 
similar. This is in agreement with the view 
that maturation to the salt-insoluble sub- 
stance involves the formation of intramolecu- 
lar cross-links which confer rigidity (13 )  and 
probably influence the structure in the di- 
rection of antigenicity. Thus, under normal 
circumstances, the mature, acid-extractable 
collagen may be considered to be a relatively 
sequestered antigen, whereas the salt- 
extractable form, although readily soIuble, 
does not possess the rigidity of structure 
necessary for good antigenicity. 

The antibody elicited in burned rats con- 
forms generally to the characteristics of gam- 
ma M globulin in its elution pattern on 
Sephadex G-200, inactivation by 2-mercapto- 
ethanol, and sedimentation values. Although 
titers were low, antibody was seen to persist 
throughout the period of observation. The 
fact that anticollagen antibodies in patients 
could not be detected or were present only in 
low titers infers that collagen breakdown 
products released by the injury ( 1 2 )  reacted 
with the antibody in vivo. Following healing, 
when collagen was presumably no longer 
released in large amounts, antibodies could 
again be detected. On the basis of the present 
findings and in view of the nature of the 
antibody involved, it is doubtful that burned 
individuals eventually attain titers signifi- 
cantly higher than those found in normal 
persons. 

It is also of interest to note the occurrence 
of cross-reactions in terms of the source of 
collagen and of the antibody. In this respect, 
Rothbard and Watson (14) have noted cross- 
reactions between the collagens of rat and 
man and chicken and man. In the present 
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experiments, sera from burned rats reacted 
with gelatin of bovine origin, though to a 
lesser degree than against homologous col- 
lagen. In turn, human sera from both normal 
and burn subjects gave higher titers against 
bovine gelatin than against rat collagen. I t  is 
evident that either some species specificity is 
retained or that collagen incites the formation 
of antibodies specific for a variety of configu- 
rations, only some of which are removable by 
the chemically simpler gelatin. 

Summary. I t  was shown by a latex agglu- 
tination technique that rats, following ther- 
mal injury, are stimulated to produce anti- 
bodies to the acid-extractable fraction of col- 
lagen in skin. These antibodies do not agglu- 
tinate particles coated with the salt- 
extractable collagen but can be absorbed by 
this precursor of acid-extractable mature col- 
lagen. The anticollagen antibody in rats also 
reacts with bovine gelatin. An antibody- 
containing fraction of serum from burned rats 
was isolated by gel filtration and appears to 
be a 16.5 Sco macroglobulin by ultracentrifu- 
gation and is inactivated by mercaptane re- 
duction. Antibodies to rat collagen and bov- 
ine gelatin were also demonstrated in the 
serum of normal humans. In burned humans 
the agglutinins disappeared following an ex- 
tensive burn, presumably by reaction with 

circulating antigen, and reappeared during 
convalescence. 
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