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ABSTRACT’. Exposure to bis-(2-chloroethyl)sulfide (BCES; “sulfur mustard”) causes delayed formation of 
slowly healing skin blisters. Although the histopathology of BCES injury is well characterized [reviewed in Smith 

et al., J Am Acad DermatoI32: 767-776, 19951, little is known of the cutaneous toxicity at the molecular level. 
To identify biological markers of exposure, epidermal and subepidermal extracts were prepared from 48 
individual hairless guinea pigs (HGP) at successive 3-hr intervals following exposure to BCES vapor, and 
compared using gel electrophoresis, and lectin- and antisera-binding. Inflammation was assessed by measuring 

edema and myeloperoxidase activity. Edema reached peak levels at 15-18 hr and remained elevated above 
controls at 24 hr. Recruitment of neutrophils, deduced from increased myeloperoxidase, occurred as early as 3 

hr after BCES exposure with maximum infiltration at 6-12 hr. Binding of concanavalin-A lectin revealed 
increased amounts, relative to contralateral control sites, of two approximately 180,000 M, polypeptides in 
subepidermal protein extracts from the BCES-exposed skin obtained 2 12 hr after exposure. This alteration was 
not found in epidermal protein extracts prepared from the same animals. Based upon the determined amino acid 
compositions, both polypeptides had significant collagenous triple helical content (>75%). They could be 
distinguished immunologically from collagen types I, III, and IV by using polyclonal antisera. We conclude that 
exposure of HGP skin to BCES results in an early neutrophil infiltration that precedes epidermal-dermal 
separation and selective alterations of the subepidermal extracellular matrix. BlOCHEM PHARMACOL 53;IO: 
1405-1412, 19!?7. Published by Elsevier Science Inc. 

KEY WORDS. sulfur mustard; hairless guinea pig; myeloperoxidase; collagen 

Skin, respiratory tract, or eyes exposed to BCESt undergo a 
variable latent phase followed by a classical inflammatory 

sequela that culminates with separation of basal epithelial 
cells from the underlying dermis or stromal tissue at the 
basement membrane zone [reviewed in Refs. l-51. Lesions 

are slow to develop and especially recalcitrant to healing 
[6-91. Histopathology of BCES exposure has been studied 
in several animal species and found to resemble injury from 

other DNA-damaging agents, including ultraviolet radia- 
tion [lo-12; reviewed in Ref. 131. The cause(s) of vesica- 
tion and effective medical countermeasures, however, re- 
main unknown. 

The euthymic HGP provides a useful skin model that 

possesses a multiple-cell-layer epidermis and pharmacolog- 
ical similarities to humans [13, 141. Previous studies of the 
HGP have documented the toxicity of BCES with respect 
to erythema, histopathollogy, and electron microscopical 
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pathology [15-201. Ultrastructural analyses of HGP skin 

exposed to BCES have revealed a tissue cleavage plane that 
is localized to the basal cell basement membrane zone, 
proximal to immunohistochemical staining for laminins 
and collagen type IV [19-211. The subepidermal separation 

found in the HGP is comparable to observations of human 
skin exposed to BCES [reviewed in Ref. 51, as well as to 
human skin explants exposed to the vesicant ex viva [22]. 

Our goal was to augment qualitative histopathology ob- 
tained in the HGP model by identification of specific 
subepidermal molecules that might serve as biological 

markers for BCES cutaneous toxicity. 

MATERIALS AND METHODS 
BCES Chulknge and Tissue Collection 

Skin samples were from 48 male HGP (C&a porcellus; 
Crl:IAF/HA(hr/hr)BR Vaf/PlusU/U). Animals were quar- 
antined after arrival from Charles River Laboratories (Wil- 
mington, MA), determined to be healthy, and maintained 
in an accredited animal care and use facility. After anes- 
thetization with 30 m&g ketamine-HCl (Vetalar; Parke- 
Davis, Morris Plains, NJ) mixed with 6 mg/kg xylazine 
(Rompun; Mobay Corp., Shawnee, KS), animals were 
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weighed, and the air temperature of the laboratory hood 
was measured. 

Some of the 48 animals were placed in one “naive” 
control group (8 animals) that was not exposed to agent; 
the other animals were divided into eight groups exposed to 
BCES with skin collection at different post-exposure obser- 
vation times of 3, 6, 9, 12, 15, 18, 21, and 24 hr (5 
animals/group, total of 40). 

All animal exposures were conducted on the dorsal-lumbar 
region with saturated vapor (98% purity; approximately 0.77 
glm3 for a time of 7 min) using an established vapor cup (10 

mm diameter) method that is known to produce consistent 
degrees of skin injury [I 7, 181. From each exposed animal, 

we analyzed the polypeptide composition of three to five 
BCES sites and two sham control sites (received vapor cup 
with no BCES). Separate skin sites (exposed and sham 

controls) from each animal were used for MPO studies. 
Remaining skin punches from each of the 48 animals were 
processed for routine histopathological evaluation. 

Skin Extracts 

Euthanasia at the appropriate time was by an inhalation 
overdose of halothane. Within 5 min after death, skin was 
excised carefully, the subcutaneous hypodermis was re- 
moved, and 8 mm diameter skin punches were placed in 
500 p,L of high salt buffer consisting of 1 .O M NaCl, 0.15 M 

Tris (pH 9.3) with a mixture of protease inhibitors [30 
pg/mL (4-amidinophenyl)-methanesulfonylfluoride, 0.2 
mg/mL EDTA, 300 pg/mL phosphoramidon, 0.5 pg/mL 
leupeptin, 50 kg/rnL antipain-dihydrochloride and 0.5 mg/mL 
E-64, a cysteine protease inhibitor; all from Boehringer 
Mannheim Biochemicals, Indianapolis, IN). Samples were 
incubated in this buffer at 4” for 72-80 hr. 

The epidermis and the dermis were separated easily after 
the high salt incubation by employing lateral traction under 
a stereo dissecting microscope fitted with cold fiber optic 
illumination. Major epidermal proteins were solubilized by 
heating the epidermal sheets at 100” for 5 min in 8 M 

urea/O.3 M PME (pH 9.3). Preparation of subepidermal 
extracts was performed essentially as described [23-251. 
Superficial dermis was extracted with 8 M urea/O.3 M PME 
at 23” for 90 min with gentle rocking. 

Individual extracts were centrifuged (30 min at 16,000 
g), and the supernatant was brought to 1% (w/v) SDS/ 
0.01% (w/v) bromophenol blue, heated to 100” for 5 min, 
and stored at -88”. An additional 3% (v/v) PME was 
added, and the samples were heated to 100” again for 1 min 
immediately prior to SDS-PAGE. 

Polypeptide Separation by SDS-PAGE 

Total protein of epidermal and subepidermal extracts was 
measured [26] relative to BSA (Calbiochem, La Jolla, CA). 
SDS-polypeptide complexes were separated by SDS-PAGE 
(4%T stacking/6.5%T separating gel) using the Laemmli 
[27] buffer system at 3.5”. 

Con-A Lectin Binding 

Separated polypeptides were electrophoretically transferred 

to PVDF microporous membrane (Millipore Corp., Bed- 
ford, MA) and incubated overnight in 3% (w/v) BSA. 
Transfer conditions were optimized initially by staining 
with amido black. Lectin binding was carried out as 
described [28, 291 using con-A (25 p,g/mL) followed by 

peroxidase-conjugated anti-immunoglobulin (1:500; DAKO, 
Carpinteria, CA) and visualized with diaminobenzidine- 
HCl and hydrogen peroxide. 

Antisera Binding 

Several rabbit polyclonal antisera to rodent collagens were 
tested for binding to the HGP skin subepidermal extracts, 

including: anti-mouse skin collagen type I; anti-rat skin 
collagen type I; anti-rat skin collagen type III, and anti- 
mouse collagen type IV (isolated from Englebreth-Holm- 
Swarm sarcoma). The polyclonal antisera were obtained 
from Chemicon Int. (Temecula, CA) and used at 1:lOOO 

dilution. Methods paralleled those used in lectin studies 
except that the PVDF was blocked in 5% (v/v) normal goat 
serum. Primary antibody binding was detected with perox- 
idase-conjugated secondary anti-rabbit immunoglobulin 
(1: 1000 dilution; DAKO). Control experiments included 
replacement of primary antibodies with non-immune serum. 

Image Analysis 

Digitalized images of gels or stained PVDF sheets were 
acquired with a high-speed, low-light camera (Megaplus 
1.4, Kodak, Rochester, NY) connected to a Spare-2 work- 
station (Sun Microsystems Inc., Mountainview, CA). The 
camera was calibrated with 21-step graded standards of 
known reflectance and density. The M, values and inte- 

grated optical densities of stained polypeptides were calcu- 
lated using Investigator and Whole Band Analysis software 
packages (Bio-Image, Ann Arbor, MI). 

Amino Acid Composition 

Electrophoretic transfer was conducted using e-amino cap- 
roic acid instead of glycine. Pieces of PVDF containing the 
180,000 M, polypeptides of interest were cut from amido 
black-stained lanes, washed extensively with water, and 
subjected to acid hydrolysis in situ [30]. Recovered amino 
acids were derivatized with phenylisothiocyanate and ana- 
lyzed relative to phenylthiocarbamyl-amino acid standards 

(Pierce, Rockford, IL) by reverse-phase HPLC separation 
with detection at 254 nm as described [3 11. Adjacent pieces 
of “blank” PVDF were analyzed separately to determine 
background amino acid levels [30]. Composition data for 
both polypeptides were compared with that of proteins 
contained in the SwissProt (5/1995) database using the 
PROPSEARCH algorithm [32]. 
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MPO Assay 

Separate, full thickness skin punches from each animal 
were weighed and homogenized in 0.5% hexadecyltrim- 
ethyl-ammonium bromide in 50 mM potassium phosphate 
(pH 6.0) using a Polytron (model PT1200, Kinematica, 
Littau, Switzerland) at 12,000 rpm for 1 min at 2-4”. The 
homogenate from each sample was centrifuged (20 min at 
16,000 g), and the supematant was assayed for MPO 

activity by monitoring the change in absorbance at 450 nm 
in the presence of 0.167 mg/mL 3,3’-dimethoxybenzidine 
dihydrochloride, and hydrogen peroxide in 50 mM potas- 

sium phosphate (pH 6.0), 37” [33]. 

Statistical Methods 

Values for total MPO activity and tissue wet weight were 
expressed as the mean t SEM for each post-exposure time 
interval. Significant increases in BCES-treated or con- 
tralateral control sites above normal, naive HGP skin were 
determined by calculating and comparing the 95% confi- 

dence intervals as described [34]. 

RESULTS 
Skin Variables 

Animal weight was 350 + 30 g (mean + SEM). The hood 
temperature during exposure was 17.4 t- 0.5”. The total 
protein concentration was 0.7 2 0.2 mg/mL for subepider- 
ma1 extracts and 1.8 + 0.1 mg/mL for epidermal extracts. 

Skin Edema 

Significant elevation of tissue wet weight above the control 
site did not occur until 6 hr after BCES exposure, with the 
maximum edema response observed at 15-18 hr (Fig. 1). 
Reduced standard error was observed in wet weight values 
at peak edema time points, suggesting saturation. Edema 
apparently was not resolved at 24 hr after exposure because 
BCES-exposed sites were still significantly heavier than 

control sites (Fig. 1). 

Neutrophil Infiltration 

Vapor exposure to BCES increased cutaneous MPO activity 
above values obtained from naive, unexposed HGP skin at 
the earliest post-exposure time observed (3 hr; Fig. 2). 
Contralateral control sites from exposed animals also 
showed increased MPO levels, consistent with a diffuse 
infiltration of neutrophils to the site of skin injury. How- 

ever, sites exposed directly to BCES showed significantly 
greater activity than contralateral control sites by 6 hr after 

exposure. Maximal neutrophil influx was observed between 
6 and 12 hr after BCES exposure (Fig. 2). The MPO 
response preceded epidermal-dermal separation; the latter 
occurred at 15-18 hr after an identical BCES exposure in 
the HGP model [16, 171. 
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FIG. 1. Effect of BCES exposure on HGP skin edema. Each time 
point is the mean + SEM of single skin samples from four 
animals. BCES exposure (open circles, solid line) increases the 
tissue wet weight significantly above contralateral control sites 
(closed circles, broken line) from the same animals. For refer- 
ence, the shaded box shows the 95% confidence interval for wet 
weight values of 15 skin samples obtained from a total of 8 naive 
control animals (no BCES exposure). 

Dissection of EjGdermis jbm Dermis 

Upon inspection by stereoscopic 40-fold magnification, 

skin exposed to BCES demonstrated marked erythema, 
occasional fluid-filled microvesicles, and excessive dilation 
of subepidermal vessels compared with control sites. Histo- 

pathology results were qualitatively comparable to those 
reported previously in the HGP following identical BCES 
vapor exposures [17, 181. 

The high salt split method employed, also called “artifi- 
cial epidermolysis,” removes the epithelium through the 
lamina lucida [24,25]. The HGP epidermis retracts easily as 
a single sheet from the dermis, facilitating a fractionation of 
the extractable, subepidermal proteins from those compo- 
nents that remain associated with the epidermis. 

SDS-PACjE 

The extraction method used has been reported to enrich for 
extracellular matrix molecules of the basement membrane 
zone and superficial dermis [23-251. Not surprisingly, there- 
fore, the primary protein constituents of our HGP subepi- 
dermal extracts were collagens. 
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FIG. 2. Effect of BCES exposure on MPO levels in HGP skin: 

Comparison of sites exposed for 7 min to BCES vapor (open 
circles, solid line) with contralateral sham vapor cup sites 
(closed circle, broken line) from the same animals. Each time 
point from the exposed animals shows the mean f SEM of 9-15 
skin samples from a total of five different animals. Contralateral 
control points are shown as the mean of single skin samples from 
two different animals. The shaded box shows the 95% confi- 
dence interval for MPO activity of 15 skin samples obtained 
from a total of 8 naive control animals (no BCES exposure). 

Using SDS-PAGE, there was little variation among sub- 

epidermal polypeptide extracts from different control ani- 

mals (cf. Fig. 3A, lanes 3CON and 24CON). Furthermore, 
samples obtained 3, 6, or 9 hr after BCES exposure were 
identical to contralateral control sites. Increased silver staining 
at 180,000 M, was observed in some subepidermal extracts 
obtained at 12-24 hr after BCES (Fig. 3A, 9H-21H). 

Lectin Binding 

Relative increases in the 180,000 M, polypeptides were 
shown by the binding of con-A (Fig. 3B). Increased lectin 
binding could be resolved into two discrete polypeptides by 
prolonged electrophoresis of 6S%T gels (Fig. 3B). Al- 
though comparisons were performed on the same sheets of 
PVDF or in tandem, a precise quantitation of lectin blots is 
precluded by a number of variables, including lectin and 
antibody dissociation constants, and length of time in 
substrate solution. Based upon detection of the known 
glycoproteins under conditions employed, the approximate 

sensitivity of the con-A method was established to be 
50-100 ng protein if the PVDF was left for exactly 15 min 
in the substrate solution. 

To assess whether increases in the extractable amounts of 

180,000 M, subepidermal polypeptides coincided with 
compensatory changes in the epidermis, we compared 

epidermal total protein extracts from the same animals. No 
consistent differences among control and BCES-treated 
sites were detected in the epidermal extracts by silver 
staining or by con-A lectin binding (Fig. 3C). 

Antisera Binding 

Three general conclusions were drawn from the application 

of several collagen antisera to HGP subepidermal extracts: 
(1) none differentiated between control and BCES-exposed 
sites; (2) several antisera to known extracellular matrix 
proteins from other rodents did not cross-react with HGP 

skin polypeptides (data not shown); and (3) the 180,000 
M, con-A-binding polypeptides did not react with antibod- 
ies to rodent collagens type 1, III, or IV under conditions 
that do yield reactions with other HGP subepidermal 
polypeptides (Fig. 4). 

Amino Acid Composition 

Composition was determined for the 180,000 M, polypep- 
tides (Table 1). Five polypeptide bands were pooled for 

each determination, resulting in approximately 1.9 and 1.6 
nmol total PTC-amino acids for the faster- and slower- 
migrating polypeptides, respectively. As reported previ- 
ously, the background contamination of PVDF alone was 
only a fraction of the values determined for polypeptides 
[30]. The highest background was from glycine at 100 t 10 
pmol; no other amino acid produced more than 50 pmol 
background. 

Comparison to SwissProt using PROPSEARCH revealed 
no known proteins with distance scores < 2.0 (70% 
reliability level) [32]. 

DISCUSSION 

Because of its potency as a chemical warfare blistering 

agent, BCES has been the subject of considerable study and 

speculation [reviewed in Ref. 51. By the end of the Second 
World War, it was deduced from in vitro and in viva 
experiments that the basal epithelial cell nucleus is an early 
and primary target of BCES [35-371. Subsequent work with 
isolated cells showed that BCES chemically modifies DNA, 
resulting in strand breaks and interstrand cross-links [re- 
viewed in Ref. 381, as well as disrupting core histone-DNA 
interactions responsible for nucleosome structure [39]. 
There is no proof, however, that the nuclear effects of 
BCES lead to the tight, fluid-filled blisters in skin (or 
cornea1 detachment). Indeed, considerable evidence sug- 
gests that epidermal cell detachment may involve a mech- 
anism(s) that is independent of mitotic inhibition, DNA 
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FIG. 3. Representative SDS-PAGE of HGP subepidermal ex- 
tracts stained with silver (6S%T; panel A) and con-A (6.5%T; 
panel B). Numbers refer to post-exposure observation times in 
hours; H designates BCES-exposed skin sites; CON are con- 
tralateral control sites. Transferrin (Tf) is included as a positive 
control for lectin binding, and the relative molecular masses (M, 
x 10m3 indicated on the left) are from globular protein stan- 
dards. The arrow head denotes a BCES-induced increase in a 
closely spaced 180,000 M, doublet described in the text. Panel 
C (10% SDS-PAGE stained with con-A) shows epidermal 
extracts obtained from the same animals. Note that no corre- 
sponding changes in epidermal extracts were observed at the 
post-exposure times ( 15-2 1 hr) when the 180,000 M, alteration 
was most prominent in subepidermal extracts. Asterisks in panel 

C indicate the relative positions of negatively stained, abundant 
epidermal keratins, which are not bound by con-A. 

fragmentation, or the loss of basal cell viability caused by 
BCES [reviewed in Ref. 41. We expect, therefore, that a 

complete description of BCES toxicity ultimately must 
include both DNA damage and specific molecules from 
subepidermal or inflammatory cells. 

Latent and protracted tissue edema has been observed 
clinically in human skin exposed to saturated BCES vapor 
[reviewed in Ref. 51. In our study, the HGP also showed a 
latent edema response with increased wet weight values at 

50% of maximum by 9-12 hr after exposure and peak 
responses at 15-18 hr. Mice and rats, in contrast, generally 
show a more immediate edema response to BCES; for 
example, rat skin wet weight has been reported to reach 
50% of maximum at 4-6 hr with peak values by 12 hr after 
a 5-mg BCES challenge [40]. 

Qualitative histopathology of tissues exposed to BCES 
consistently has shown an inflammatory cell infiltration of 
the papillary and reticular dermis [l, 6,411, as well as of the 
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FIG. 4. Representative western blots of HGP subepidermal 
extracts stained with antisera to known rodent collagens. Ex- 
tracts shown are from BCES-exposed sites (lanes 3, 5, and 7) 

and contralateral control sites (lanes 2, 4, and 6) at a 21-hr 
observation time. Each panel was stained with a different 
antiserum to either mouse collagen type I (COL I), rat skin 
collagen type III (COL III) or mouse tumor collagen type IV 
(COL IV). To facilitate comparison with Fig. 3B, relative 
molecular masses indicated on the left are from globular protein 
standards. Asterisks indicate the putative monomer and dimer of 
HGP skin collagen type I. As an internal standard, 50 pg of 
purified mouse collagen type I (Chemicon Int.) is shown in lane 
1. Note that monomers of HGP collagen I and III appear to 

co-migrate but that additional high molecular weight polypep- 
tides are bound by antiserum to collagen type III (single 
arrowheads). Collagen type IV antiserum bound a single 

195,000 M, polypeptide (double arrowhead), and no difference 
in relative molecular mass or immunoreactivity was observed for 
this polypeptide between exposed and contralateral control sites. 

conjunctiva and cornea [I I]. To quantify neutrophil infil- 
tration in the HGP skin, we measured Ml’0 activity 
directly and found it to be an early and reliable concomi- 
tant of vesicant-induced skin injury in the HGP. 

At least two 180,000 M, subepidermal polypeptides 
consistently increase in skin extracts after exposure to 
BCES. It is not known whether the observed alterations 
reflect a direct or indirect action of the vesicant, but the 
delayed time course of appearance coincides closely with 
the peak inflammatory response. High contents of glycine, 
proline, and hydroxyproline support the conclusion that 
both molecules are collagens (approximately 80-90% triple 
helical content). Presently, the 180,000 M, collagens can 
be distinguished from known collagen types I, III, and IV 
because they are not bound by antisera under conditions 
that do yield specific reactions with polypeptides in the 
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TABLE 1. Amino acid determination of the 180,000 M, 
polypeptides*f 

Amino acid 

Asx 
Glx 
HYP 
Ser 
GlY 
His 
Arg 
Thr 
Ala 
Pro 
Tyr 
Val 
Met 
Ile 
Leu 
HY~ 
Phe 

LYS 
cyss 

Trpj: 

Faster migrating 
polypeptide 

47 
50 
74 
59 

253 

10 
48 
40 
89 

116 
23 
45 

6 

:: 
5 

25 
29 

Slower migrating 

polypeptide 
(residues/l 000) 

48 
61 
95 
50 

302 
11 
47 
25 
98 

117 
9 

34 
6 

20 
40 

9 
trace 

28 

$ Not determmrd. 

HGP subepidermal extracts (Fig. 4). Furthermore, the 
180,000 M, polypeptides bound avidly to con-A, whereas 
the major monomers of collagen types I and III did not (cf. 
Figs. 3B and 4). Because no single solubilization protocol 
can extract all cutaneous protein, our findings do not rule 
out the possibility that other extracellular matrix proteins 

also are altered by BCES exposure [cf. Ref. 421. 
Peak amounts of the 180,000 M, polypeptides occurred 

at 15-18 hr after BCES exposure. Although this alteration 
was detected with silver staining (Fig. 3A), it was more 

clearly shown by con-A binding to the subepidermal 
extracts (Fig. 3B). Based upon the lack of concurrent 
changes in the epidermal proteins bound by con-A (Fig. 
3C), we do not believe the observed alteration is due to 
time-dependent changes in the overall protein extraction 
method. Furthermore, beyond 18 hr post-exposure, the 

relative amount of con-A bound at 180,000 M, in subepi- 
dermal extracts consistently decreased (cf. Fig. 3B, lanes 
15H and 24H). Interestingly, this response mirrored that 
observed for the inflammatory markers; tissue wet weight 
and MPO levels also consistently decreased between 15 and 
24 hr after BCES exposure. 

With regard to the source of the 180,000 M, polypep- 
tides, our experiments do not distinguish between new 
synthesis and degradation of subepidermal collagens, for 
example, by neutrophil collagenase(s). We note, however, 
that collagen type IV is a known target of neutrophil 
proteases [43], but it was not detectably degraded in HGP 
skin at 15-18 hr after BCES exposure (Fig. 4). This is 
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consistent with previous observations that the BCES- 

induced tissue cleavage plane occurs above the level of 

collagen type IV immunohistochemical staining in human 
skin explants [22] and in HGP skin [21]. 

Future studies of cutaneous neutrophil activation follow- 
ing BCES exposure should be undertaken for several rea- 
sons: (1) our results show that neutrophil infiltration 
consistently follows BCES exposure; (2) neutrophils oxida- 
tively autoactivate latent collagenase through generation of 

hypochlorous acid (H,O, + Cl- + H+ --;, HOCL + H,O; 
[44]); and (3) activated neutrophils generate long-lived 
N-chloramine compounds that inactivate leukocyte elas- 

tase inhibitor, al-PI, by oxidation of a critical methionine 
residue [45]. Along these lines, measurement of the or,-PI 
family of inhibitors seems logical because BCES could 
exacerbate the effects of N-chloramine since the vesicant 
preferentially alkylates the sulfur-containing amino acids 
methionine and cysteine 1.461. 

Measurements of cutaneous MPO activity as an early 
biological marker of BCESS exposure should prove useful for 
routine screening of putative anti-inflammatory com- 
pounds. Utility of the altered collagens as biological mark- 

ers, however, will depend upon isolation and identification. 
Some forms of an inherited blistering disease, bullous 

pemphigoid, involve a well characterized 180,000 M, hy- 
brid collagen (called BP-180 or collagen type XVII) that is 
associated with hemidesmosome adhesion complexes and 
binds avidly to con-A lectin [47, 481. Although both 
contain collagenous domains, the predicted amino acid 
composition of human BP.-180 differs from that of the HGP 
hybrid collagens described in this report [48]. Composi- 
tional data, however, are insufficient to rule out common 

identity because of the possibility of species-specific iso- 
forms or proteolytic fragmentation. The relationship, if any, 
between BP-180 and the HGP polypeptides altered by 
BCES exposure merits closer examination. 

We thank Mr. Mike Shutz, Ms. Susan Schultz, and Mr. Thomas 
Milfordfor technical support. lames A. Romano, Ph.D., D.A.B.T., 
provided valuable suggestions $,r the presentation of Figs. f and 2. 
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