
Days after injection 

4, vessels extending more than 2.0 mm; 
5, vessels extending more than 3.0 mm; 
and 6, vessels extending more than 4.0 
mm. Measurements of vessel growth in 
millimeters per day were also obtained. 
Eyes that demonstrated angiogenesis 
were removed, fixed, and stained with 
hematoxylin and eosin for microscopic 
evaluation. 

Undiluted hFF stimulated angiogene- 
sis in eight of eight rabbits (Fig. 2). The 
invasion of blood vessels was macro- 
scopically evident 3 days after injection 
and by day 15 extended 2.0 mm into the 
injection site from the closest part of the 
corneal-scleral limbus. Two- and four- 
fold dilutions of hFF stimulated angio- 
genesis 5 and 3 days after injection, 
respectively, in two of four rabbits, with 
the vessels seen at 3 days extending 1.0 
mm into the injection site by day 15. 

Dialyzed hFF induced angiogenesis in 
two of three rabbits. with vessels extend- 
ing up to 1.0 mm into the injection site by 
day 15. Charcoal-treated hFF produced 
angiogenesis in three of three rabbits, 
with a plexus of blood vessels growing 
more than 4.0 mm by day 15. In contrast, 
intracorneal injection of heated hFF did 
not result in corneal vascularization. 

None of 20 control rabbits injected 
with Hydron and saline and three rabbits 
treated with hCG and Hydron showed 
any angiogenic activity.   is to logical ex- 
amination of sections prepared 3 weeks 
after the injections did not reveal any 
foreign bodies or marked inflammatory 
reaction in the injection site. 

During the follicular phase of the hu- 
man menstrual cycle a single follicle usu- 
ally matures and ovulates in response to 
the midcycle surge of serum gonadotro- 
pins. The question arises as to why only 
a single follicle develops to maturity 
while others undergo atresia in the same 
gonadotropin environment. 

Basset (2) described the appearance of 
perifollicular blood vessels during 

growth and regression of rat ovarian 
follicles. From the endothelial walls of 
these vessels angiogenic sprouts began 
to grow into the granulosa layer, and this 
was associated with a rapid increase in 
capijlary permeability. Jakob et al. (3) 
showed that the rat corpus luteum pro- 
duced a vigorous stimulation of capillary 
growth. Koos and LeMaire (4) described 
the induction by rat follicles and corpora 
lutea of gonadotropin-responsive angio- 
genesis in the chorioallantoic membrane 
of the chick embryo. Gospodarowicz 
and Thakral (5) found that explants of 
rabbit corpora lutea stimulated angiogen- 
esis when placed into a rabbit cornea. 
Taken together, these results suggest 
that a signal for angiogenesis accompa- 
nies follicular development and forrna- 
tion of the corpus luteum in these spe- 
cies. Recent evidence by diZerega and 
Hodgen (6) and Zeleznik et al. (7) dem- 
onstrated an increasing density of blood 
vessels in the complex of the dominant 
follicle in primates. This increase in peri- 
follicular vascularization may result in 

- 

- 

- 

- 

- 

factor and that this selective vasculariza- 
tion may be important during preovula- 
tory folliculogenesis. 
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preferential gonadotropin delivery and 
5.0 thus in selection and maintenance of the 

dominant follicle. 
h 

4.0 The cornea provides a naturally trans- - parent, avascular substratum in which 
f 
3 neovascularization can be continuously 

3-0 2 Fig. 2. Cumulative growth of monitored (8, 9). Using the corneal im- m 
0 new after plant assay we found that hFF contains 
> tion of hFF into rabbit corneas 

2.0 '$ - ( N = 8 ) .  an angiogenic factor that may be in- 
volved in neovascularization. Three 

E, 
1.00 days after injection of hFF, new blood 

vessels were visible; by day 6 these 
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Rectal Insemination Modifies Immune Responses in Rabbits 

Abstract. Weekly deposition of pooled rabbit semen into the rectum in healthy 
male rabbits resulted in the appearance of immune complexes and antibodies to 
sperm and to peripheral blood lymphocyte antigens. It also led to a decreased ability 
to mount a humoral immune response to T lymphocyte-dependent antigens, keyhole 
limpet hemocyanin, and sheep red blood cells. These findings suggest that repeated 
rectal deposition of semen may compromise some aspects of the immune system. 

Antibodies to spermatozoa and to cir- 
culating immune complexes (CIC's) are 
present in apparently healthy homosex- 
ual men (1, 2) and at increased concen- 
trations in homosexuals with lymphade- 
nopathy or  acquired immunodeficiency 
syndrome (AIDS) (2, 3). The etiology of 
AIDS is not clear; however, the fact that 
a large proportion of AIDS cases have 

been found in highly sexually active ho- 
mosexual men suggests that the syn- 
drome may have some relation to circu- 
lating antibodies evoked as a result of 
semen deposition in the alimentary ca- 
nal. Human seminal fluid apparently 
contains components that potentially can 
suppress the immune response (4, 5), 
and syngeneic mouse spermatozoa in- 
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Fig. 1. Appearance of CIC's and sperm-reac- 
tive IgG and IgA after rectal insemination. 
Plasma from five inseminated rabbits and five 
controls were assayed for CIC's by a Raji cell 
ELISA (16) and for IgG and IgA by an ELISA 
with rabbit sperm bound to wells of a microti- 
ter plate (1). Each value is the mean of at least 
three determinations that varied less than 10 
percent. Symbols: (0, 0) IgG, (A, A) IgA, 
and (m, 0) CIC's. 

jected intravenously are reported to be 
immunosuppressive as determined by 
mixed lymphocyte culture (6). 

We used rabbits to ascertain whether 
CIC's or antibodies to sperm can result 
from rectal insemination and whether 
this affects the ability to mount an im- 
mune response. Rabbit ejaculates col- 
lected with an artificial vagina were 
pooled and examined with a microscope 

Table 1. Reactivity of IgG in serum from 
rectally inseminated rabbits with normal rab- 
bit PBL's. The last serum sample from each 
rabbit and the sample obtained before treat- 
ment began were analyzed for IgG reactive 
with normal rabbit PBL's. The PBL's were 
prepared (15) and 5 x lo4 cells were fixed 
with glutaraldehyde to the wells of microtiter 
plates. Wells were washed with phosphate- 
buffered saline (PBS) and Tween and incubat- 
ed for 2 hours with 1: 10 dilutions of test 
serum. IgG bound to the rabbit lymphocytes 
was then measured by incubating wells with 
1 : 200 dilutions of alkaline phosphatase-con- 
jugated swine antibodies to rabbit IgG (gam- 
ma chain-specific) for 90 minutes, washing 
wells with PBS-Tween, and adding 0.2 ml of 
p-nitrophenylphosphate (1 mgiml) in 10 per- 
cent diethanolamine (pH 9.8). After 30 min- 
utes the optical density at 405 nm was deter- 
mined. Each value is the mean of at least 
three determinations that varied less than 10 
percent. 

InG IeG 
(before (before 

Treat- treatmenti treatmenti ment after after 
treatment) treatment) 

Semen 3.4 Saline 0.9 
Semen 1.1 Saline 1.1 
Semen 2.0 Saline 1.2 
Semen 2.8 Saline 0.7 
Semen 1.7 

Mean 2.2 0.98 

for motile sperm, which were counted. 
Healthy males were restrained and 1 ml 
of fresh semen (containing about lo8 
sperm) was deposited in the rectum to a 
depth of 5 cm at weekly intervals with a 
No. 7 French rubber catheter. To ensure 
that this had not traumatized the rectal 
mucosa, feces passed after the proce- 
dure were examined and found to be 
heme-negative. Rabbits treated by de- 
positing 1 ml of saline in the same man- 
ner on the same schedule were used as 
controls. 

Blood was drawn into heparinized 
tubes at weekly intervals for immunolog- 
ical analyses. The total red and white cell 
counts, differential white cell count, and 
total concentrations of immunoglobulin 
G (IgG), immunoglobulin M (IgM), and 
immunoglobulin A (IgA) in the serum 
were not affected by these treatments. 
Nor was the ability of concanavalin A, 
phytohemagglutinin, and rabbit sperma- 
tozoa to induce proliferation of the pe- 
ripheral blood lymphocytes (PBL's) re- 
duced. However, after an 8-week period 
of weekly rectal inseminations there was 
a significant (P < 0.01, Student's t-test) 
increase in CIC's and in IgG and IgA 
reactive with rabbit sperm (Fig. 1); no 
changes were seen in the control rabbits. 
Antibodies to seminal fluid antigens 
were not detected. 

Rectal insemination for longer periods 
(up to 8 months) did not bring about a 
further increase in CIC's or antibodies to 
sperm. However, levels of IgG reactive 
with normal rabbit PBL's, apparent by 2 
to 4 months, increased throughout the 8- 
month period. Serum samples obtained 
from each rabbit before treatment and at 
the end of treatment were assayed for 
IgG that reacted with normal rabbit 
PBL's. Immunoglobulin G reactive with 
PBL's in semen-treated rabbits doubled 
on average, whereas saline-treated con- 
trols showed no such change ( P  < 0.01, 
Student's t-test) (Table 1). 

In addition to producing IgG reactive 
with PBL's, semen-treated rabbits pro- 
duced IgG reactive with asialo GM1 (7). 
This neutral glycolipid is not present on 
B cells (8) but occurs on the surface of 
murine natural killer and peripheral T 
cells and on rabbit and human sperm (7). 
Previous studies have shown that injec- 
tion of antibody to asialo GM1 into mice 
(9) or rats (10) decreases natural killer 
cell function in these animals and that 36 
percent of homosexuals with AIDS have 
antibody to asialo GM1 in their serum 
(7). 

We also studied the responsiveness of 
semen-treated animals to T cell-depen- 
dent antigens-in this case keyhole lim- 
pet hemocyanin (KLH) and sheep red 

Table 2. Hemagglutination response to 
SRBC's by rabbits receiving rectal semen. 
Rabbits were given 2 ml of 10 percent SRBC's 
in 0.9 percent NaCl every day for 4 days. 
Before each injection and every day after the 
injections were discontinued, 3 ml of blood 
was collected for analysis of the SRBC hem- 
agglutination titer (11). 

Day of 
Treatment peak titer Peak titer 

Saline 7 1 : 2048 
Saline 6 1 : 2048 
Saline 5 1 : 2048 

Semen 6 1 : 64 
Semen 6 1 : 2048 
Semen 6 1 : 64 
Semen 9 1 : 64 

blood cells (SRBC's). Since the means 
for assessing natural killer cell function 
in rabbits have not yet been developed 
and since mitogen-induced lymphocyte 
proliferation appeared to be unaffected 
after rectal insemination, immune func- 
tion in the experimental males was as- 
sessed by evaluating the immune re- 
sponse to these T cell-dependent anti- 
gens. Rabbits were immunized intrave- 
nously with KLH or SRBC's for 4 to 5 
days and antibody responses were deter- 
mined daily by measuring hemagglutina- 
tion of KLH-coated or uncoated SRBC's 
(11) and by measuring KLH- or SRBC- 
specific IgG, IgM, and IgA with the 
enzyme-linked immunosorbent assay 
(ELISA) (12). Table 2 summarizes the 
hemagglutination results of SRBC-im- 
munized normal and treated rabbits. 

Table 3. Peak production of antibody to KLH 
in rabbits. Polystyrene microtiter plates were 
incubated with KLH (10 pglml) in carbonate 
buffer (pH 9.8) overnight at 4'C. The plates 
were washed in PBS-Tween and 0.1 ml of a 
1: 10,000 dilution of rabbit serum was added to 
each well. After being incubated at room 
temperature, the plates were washed with 
PBS-Tween and incubated with alkaline phos- 
phatase-conjugated swine antibody to rabbit 
IgM, IgG, or IgA (heavy chain-specific) for 90 
minutes. After a final wash with PBS-Tween, 
0.2 ml of p-nitrophenylphosphate (1 mgiml) in 
10 percent diethanolamine (pH 9.8) was added 
to each well. The optical density at 405 nm 
was determined at 30 minutes and wells that 
had been reacted with normal rabbit serum 
were used as blank reference wells. Each 
value is the mean (and standard deviation) of 
at least three determinations for each of four 
rabbits. 

Optical density at 405 nm 
Anti- 
body Normal Semen-treated 

rabbits rabbits 
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Hemagglutination in serum from rectally 
inseminated animals was significantly 
lower than that in serum from controls 
(P < 0.01), and IgM, IgG, and IgA ti- 
ters were similarly diminished. Table 3 
shows the outcome of a 5-day intrave- 
nous KLH immunization. A reduction in 
each antibody isotype was associated 
with animals receiving rectal semen. The 
differences in IgG, IgA, and IgM bind- 
ing were all significant at P < 0.01, 
P < 0.02, and P < 0.01, respectively. 

In conclusion, rectal insemination of 
homologous semen into rabbits had sev- 
eral consequences. Sperm in the rectum 
evoked the formation of antibodies to 
sperm despite the presence of seminal 
plasma, which has been held to be im- 
munosuppressive (5). Furthermore, as 
judged by representative serial sections 
of tissue taken at autopsy, this response 
occurred in the absence of insemination- 
associated trauma to the gut lining or 
perianal area, possible elements in the 
etiology of the sperm antibody response 
seen in homosexual men (1,2). While the 
rectally inseminated rabbits did not de- 
velop the opportunistic infections typi- 
cally seen in AIDS patients, their re- 
duced responsiveness to T cell-depen- 
dent antigens suggests a possible link in 
this respect. The basis of this effect is not 
yet known. We have found no significant 
difference in the rate of clearance of 
"Cr-labeled SRBC's in antigen-naive in- 
seminated and control rabbits, indicating 
that macrophage interaction with the 
antigen was not impaired after rectal 
insemination. Moreover, it is unlikely 
that the reduced humoral response was 
due to net lymphocyte depletion, since 
total PBL counts did not change. How- 
ever, the appearance of CIC's and anti- 
bodies to asialo GM1 in the serum of 
rectally inseminated rabbits and the fact 
that serum from the rectally inseminated 
rabbits inhibited mitogen-induced prolif- 
eration of control PBL's in vitro (13) 
raises two possibilities. The first is that 
CIC's can interfere with immune func- 
tion (14). They have been associated 
with a number of pathological states (14), 
including AIDS (1, 2). Second, the pres- 
ence of IgG reactive with asialo GM1 in 
the serum of rectally inseminated rabbits 
may also be a factor in the decreased 
immune response. When presented in 
association with sperm-surface allogene- 
ic histocompatibility antigens, this sur- 
face antigen may evoke an autoimmune 
response leading to the appearance of 
antibodies reactive with subsets of the T 
lymphocyte or natural killer cell popula- 
tions. CIC's or cross-reactive antibodies 
could foster a degree of suppression by 
interfering directly with lymphocyte 

functions or by inducing alterations in 
the production of soluble mediators of 
the immune response. 
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Location and Chemical Synthesis of a Pre-S Gene 
Coded Immunodominant Epitope of Hepatitis B Virus 

Abstract. Immunodominant, disuljide-bond independent epitopes recognized by 
human antibodies to hepatitis B virus (HBV) are located within the 55-residue amino 
terminal portion (coded for by the pre-S region of HBV DNA) of minor HBV 
envelope components larger than the major protein constituents encoded by the S 
gene. A peptide having the sequence of the 5rst 26 amino acids from the amino 
terminal rnethionine was synthesized and elicited antibodies (at dilutions of r 1 to 
10') to the HBV envelope. These antibodies can be utilized for diagnostic tests. The 
immunogenicity of the peptide was substantially increased by covalent attachment to 
liposomes. The disuljide bond-independent determinants on sequences coded for by 
the pre-S gene may be more easily mimicked by peptide analogs than "conforma- 
tional" determinants on the S-gene product. 

Hepatitis B virus (HBV) infections do not provide the appropriate means to 
represent a major public health problem control and eradicate the disease world- 
throughout the world. Available vac- wide. Eventually this may be accom- 
cines (I) produced from the serums of plished by vaccines based on either 
HBV carriers, because of limited re- recombinant DNA technology or on syn- 
sources and production costs involved, thetic peptides (2-6). 

Fig. 1. Amino acid se- 1 2  13 14 

auences of the trans- 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5  

lational products of I , y w  M Q w N s T T F H Q T L Q D P R v R G L Y F P A G G 
the pre-S gene region 2 adyw M H W  N  S  T  T F H Q T  L O D  P R  V  R  G  L Y  F P A  G  G  
downstream from 3 a d w 2  M Q W  N  S  T A F H O T  L Q D  P  R  V  R  G L Y  L P A G  G  

M O W N S T A L H Q A L O D P R V R G L Y L P A G G  
M e t 1 2 0 a s d e d u c e d  t::: M Q W N S T T F H Q A L L D P R V R G L Y F P A G G  
from sequences of 
HBV DNA (21, 39- M W N S T  v ?  i D P R V R G L Y  P A G G  

I I , , ,  3 , , , , 4 , ,  I , , ,  

41). The sequences 
are presented in one- 
letter-code words 

15 16 17 
(42)' Sequences for 6 7 8 9 1 , 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 D 1 2 3 4  
five distinct HBV 
subtypes are present- s s s G T v N P v L T T A s P L s s I F s R I G D P A L N 
e d . L i n e 6 ( b o t t o m )  S S S G T V N P V P T T T S P I S S I F S R I G D P A L N  
showsarnino acidres- S  S  S  G  T  V N P  A  P N  I A S  H I S  S I S  A  R  T  G D  P  V T N 

S S S G T V N P A P N I A S H I S S I S A R T G D P V T I  
i duescommontoa l l  S ~ S G T V N P V P T T A S P I S S I F S R T G D P A P N  

five subtypes. Single- 
letter abbrevintions : ? 5 ! : ! ? 7 S  S S I  R  G D P  

1 8 ,  , $ 1 ,  

for the amino acid 
residues are A, alanine; R ,  arginine, N ,  asparagine; D, aspartic acid; C, cysteine; Q, glutamine; 
E, glutamic acid; G ,  glycine; H ,  histidine; I ,  isoleucine; L, leucine; K,  lysine; F, phenylalanine; 
M, rnethionine; P, proline; S ,  serine; T, threonine; W, tryptophan; Y, tyrosine; V,  valine. 
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