
with mammalian type C viruses by low- 
stringency blot hybridization or compar- 
ative nucleotide sequence analysis. In 
contrast, the HLM-2 pol gene showed 
appreciable homology not only with type 
B retroviruses but with type A, avian 
type C, and type D retroviruses as well. 
These findings are consistent with the 
known functional similarities in the re- 
quirement for divalent cations for each 
of these viral polymerases as well as with 
other studies indicating genetic relations 
between their pol genes (5). 

The HLM-2 genome represents a mo- 
saic of sequences characteristic of differ- 
ent retrovirus classes. It has env gene 
sequences most closely related to the 
type A virus, LTR sequences most ho- 
mologous with the type D virus, and pol 
gene sequences related to each of these 
as well as to mammalian type B and 
avian type C viral genomes. Although 
HLM-2 also showed distant homology 
with HTLV-I in its pol region, HTLV-I 
is not endogenous to human cells (15) but 
is transmitted horizontally as an infec- 
tious, tumor-inducing virus of humans 
(16). Whether the HLM-2 human retro- 
viral-related sequences are expressed or 
are etiologic agents of human neoplasia 
is unresolved. 
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Naturally Occurring Antibodies Reactive with Sperm 
Proteins: Apparent Deficiency in AIDS Sera 

Abstract. A set of naturally occurring immunoglobulin M (IgM) antibodies that are 
reactive with a dejned subset of proteins in the acrosomal cap region of human 
sperm has been identified. These antibodies are present in a broad spectrum of 
human sera from males and females, I day to 40 years of age, and are absent or 
markedly deficient in a large proportion of sera from individuals with the acquired 
immune dejciency syndrome (AIDS) or at risk for AIDS. The subset of proteins with 
which the IgM antibodies are reactive includes a factor (or factors) capable of 
inhibiting lectin-induced T-lymphocyte proliferation. The prevalence of the sperm- 
reactive IgM antibodies indicates that they are not elicited by sperm. Further, 
imrnunoreactivity of the sperm proteins resulting in depletion of specgc circulating 
IgM antibodies, or other interactions between the sperm proteins and elements of the 
immune system, may be a factor in the suppressed state of the immune system in 
AIDS. 

In the course of our studies on the with defined components of human 
proteins of mammalian spermatozoa (I), sperm, appear to be normal constituents 
we have identified a set of immunoglob- of circulating Ig's. This inference is 
ulin M (IgM) antibodies in human serum based on the finding that these antibod- 
that, although immunologically reactive ies are present in more than 99 percent of 

Table 1 .  Presence or absence of IgM antibody reactive with acrosomal cap region of human 
sperm in sera from individuals with and without (control) AIDS or ARC. 

Sera Sera negative for 

Status or type Sera positive IgM antibody* 
Group of donor examined for IgM 

(number) antibody* 
(number) Number Percent 

Homosexual males 
AIDS or at risk No symptoms 14 

for AIDS 
ARC 45 
AIDS 20 

Others? 
No symptoms 9 
ARC 3 
AIDS 1 

Total 92 
Control Adult males§ 45 

Adult females8 35 
Hospitalized adults1 I 21 
Hospitalized children1 30 

Total control 131 

*IgM antibodies reactive with acrosomal cap region of human sperm (see Fig. 1). tIntravenous drug 
users, hemophiliacs, and infants born to women with AIDS. $Female prostitute. $Sera obtained from 
routine medical examination (sexual preference not known.) IlFrom miscellaneous hospital admissions 
(for diseases other than of the immune system). llAges, 1 day to 2 years; hospitalized for other than 
immune system diseases. 
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the sera from healthy males and females 
ranging in age from 1 day to 40 years and 
from those hospitalized for other than 
diseases of the immune system (Table 1). 

The possibility that antigens derived 
from sperm may have a role in the patho- 
genesis of the acquired immune deficien- 
cy syndrome (AIDS) in homosexual men 
has been proposed, with the expectation 
that elevated titers of sperm-specific 
antibodies would be detectable in the 
sera of these individuals (2). However, 
rather than elevated titers, we have de- 
tected absence or marked deficiency of 
the naturally occumng, sperm-reactive 
IgM antibodies in sera of 40 percent of 
patients diagnosed with AIDS, 33 per- 
cent of patients with AIDS-related com- 
plex (ARC), and 21 percent of homosex- 
ual men at risk for AIDS but without 
symptoms of the disease (Table 1). 

The relative specificity of the IgM 
antibody deficiency is indicated by the 
observation that the total concentration 
of IgM antibody in these sera is within 
the normal range. Further, serial speci- 

mens of serum from each of two patients 
showed a distinct correlation between 
absence of the IgM antibodies and dete- 
rioration of the immune system. These 
data suggest a relation between the im- 
mune-suppressive aspect of AIDS and 
its prodromes and deficiency of antibod- 
ies reactive with, but not likely to have 
been elicited by, sperm. 

The more general implication of these 
observations is that specific subsets of 
antibodies in human serum may have a 
role in immune regulation and may be 
vulnerable to challenge by foreign pro- 
teins bearing epitopes with which the 
antibodies are reactive. Accordingly, we 
have attempted to characterize the sub- 
set of sperm-reactive IgM antibodies 
present in normal and deficient in AIDS- 
related sera and of the molecular entities 
of human sperm with which the antibod- 
ies are reactive. A semen specimen from 
either of two donors with a high count of 
motile, morphologically normal sperm 
was used for cytologic study (3), and 
pooled specimens from eight donors 

Fig. I .  Indirect immunofluorescence of hu- 
man sperm with antibodies in human serum. 
(A)  Serum from an adult, heterosexual male 
developed with FITC-conjugated antiserum 
to human IgM. (B) Serum from a 10-month- 
old female (pediatric serum) developed with 
FITC-conjugated antiserum to human IgM. 
(C) Same serum as (A) developed with FITC- 
conjugated antiserum to  human lgG. (D) 
Sperm treated with Triton X-100, same proce- 
dure as (A). (E) Serum from a male homosex- 
ual with AIDS developed with FITC-conju- 
gated antiserum to human IgM. All sera were 
used at 1 : 5 dilution. The acrosomal can stain- 
ing indicates a higl IgM 
antibodies in the a ower 
titer in the pediatric n the 
AIDS serum. 

I titer of tl 
dult male 
serum, ant 

he specific 
serum, a 11 
d absence i 

were used for biochemical studies. All 
control sera (Table 1) were examined for 
reactivity with human sperm smears by 
indirect immunofluorescence with heter- 
ologous antibodies to the human M, G, 
and A isotypes (4). When assayed in this 
manner, the sperm neck and tail were 
stained nonspecifically and with variable 
intensity by each Ig antibody. However, 
the acrosomal cap region of the head was 
stained only with the IgM antibody; the 
postacrosomal region of the head did not 
stain (Fig. 1, A, B, and C). Staining of 
the acrosomal cap region with this anti- 
body was abolished by treating the 
sperm with Triton X-100 (Fig. ID). 
Staining of the neck and tail regions with 
any of the Ig antibodies was not abol- 
ished by this treatment. The character- 
ization of the set of antibodies reactive 
with sperm heads as IgM was confirmed 
by a "double sandwich" immunofluores- 
cence procedure with monoclonal anti- 
bodies to human IgM or IgG (5). Thus, 
human serum appears normally to con- 
tain a set of antibodies, specifically char- 
acterized as IgM, that bind to moieties in 
the acrosomal cap region of human sper- 
matozoa. The proteins bearing those re- 
active epitopes are soluble in Triton X- 
100. 

Sera of AIDS patients and of individ- 
uals at risk for AIDS were examined by 
the immunofluorescence procedure and 
showed variable staining of the sperm 
neck and tail regions, but the IgM stain- 
ing of the acrosomal cap region was 
absent as noted in Table 1 (see Fig. 1E). 
Immunoreactivity was estimated on the 
basis of intensity of fluorescence at se- 
rum dilutions of 1 : 5 to 1 : 40; a negative 
designation was made when there was no 
acrosomal cap staining at a serum dilu- 
tion of 1 : 5 (Fig. 1E). Intensity of fluores- 
cence was generally lower in sera from 
children (see Fig. 1, A and B); however, 
there was no ambiguity of designation of 
a serum as negative because any acroso- 
ma1 cap fluorescence, even at low inten- 
sity, was accentuated by the absence of 
staining in the postacrosomal region. All 
negative and 10 percent of the positive 
sera (Table 1) were reexamined in a blind 
fashion; no discrepancy was observed. 

The results of the immunofluores- 
cence procedure were confirmed by im- 
munoblots of electropherograms of 
sperm head proteins that were soluble in 
Triton X-100 (6). Sera designated as pos- 
itive by immunofluorescence were reac- 
tive with a series of polypeptides in the 
molecular weight range of 29 to 95 kilo- 
daltons, representing less than 10 per- 
cent of the bands on the stained electro- 
pherogram (Fig. 2, lane 2). Reactivity 
was displayed on the immunoblot with 
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the IgM antibody and not with the IgG 
antibody. Sera designated as negative by 
immunofluorescence showed no reactiv- 
ity on the immunoblots (see Fig. 2, lane 
f). With the exceptions noted (Fig. 2), 
the positive sera of all subjects (Table 1) 
were reactive with the same bands. We 
conclude, therefore, that a discrete set of 
IgM antibodies normally present in hu- 
man serum binds to epitopes on a specif- 
ic subset of proteins from human sperm. 

Total concentrations of circulating 
IgM in sera from AIDS patients or those 
at risk for AIDS that were deficient in 
the specific IgM antibodies reactive with 
sperm head proteins were within the 
limits of the normal range (7), which is 
consistent with previous reports (8) that 
isohemagglutinin as well as IgM titers 
are normal or elevated in sera of AIDS or 
ARC patients. These observations sug- 
gest that the deficiency represents deple- 
tion of specific classes of IgM antibodies 
rather than an overall impairment of IgM 
production. 

The possibility that the presence or 
absence of the sperm-reactive IgM anti- 
bodies may be related to the severity of 
the immune-deficient state of the patient 
is supported by two case histories (Fig. 
3). In case 1, the initial serum specimen, 
taken from a homosexual male with 
ARC, was positive for the IgM antibod- 
ies reactive with the acrosomal cap re- 
gion of sperm heads (Fig. 3A). The sec- 
ond serum specimen, taken 11 months 
later when a diagnosis of AIDS with 
Pneumocystis carinii was established 1 
month before the death of the patient (9), 
was devoid of those antibodies (Fig. 3B). 
In case 2, a serum specimen from a 
homosexual male with ARC contained 
no IgM antibodies reactive with the acro- 
somal cap region of sperm heads (Fig. 
3C). A specimen taken 1 month later was 
still negative (Fig. 3D). The clinical and 
immunologic status of the patient, how- 
ever, showed progressive improvement 
(lo), and a serum sample taken 6 months 
after the first signs of remission showed 
that the IgM antibodies reactive with 
sperm heads were restored (Fig. 3E). 
Thus, the decline in the clinical status of 
patient 1 was correlated with depletion 
of the antibodies, and clinical improve- 
ment in patient 2 was correlated with 
restoration of the antibodies. 

Studies were carried out in vitro to 
determine whether the sperm proteins 
recognized by circulating IgM antibodies 
(Fig. 2) display immunomodulatory 
properties. A fraction of sperm head 
proteins soluble in Triton X-100 was 
chromatographed on a Sephadex G-50 
column by elution with phosphate-buff- 
ered saline (PBS; pH 7.2), and the frac- 

a c d e f Fig. 2. (Lane I) Molecular 
weight markers; (lane 2) SDS- 
polyacrylam~de gel electro- 
phoresis of fractron of sperm 

1 u head proteins soluble in Tr~ton 
X-100; (lane a )  enlarged ex- 
cerpt of lane 2. (Lanez b to f) 
lmmunoblots with human sera 
and peroxidase-conjugated 

6 6 -- antibody to human IgM. (Lane 
b) Serum from a normal fe- 

4 3 7 " '  male; (lane c )  serum from a 
normal heterosexual male: 

m (lane d) pediatric serum; (lane 
e) serum from a homosexual 
male with AIDS (antibody- 

3 0 - 9 p 8 
P 

positive: see Table 1); (lane f) 
serum from a homosexual 
male w ~ t h  AIDS (antibody- 

20 negative; see Fig. 3B). All $era 
were used at 1 : 50 drlution. Re- 

14.4 & activity is displaye : polypeptide bandr (or doublets). 
C- All positive sera st tiv~ty wrth bands 2 ,3 ,4 ,5 ,6 ,  and 

8. Reactivity with bands I ,  I ,  and 9 was detectable in some sera 
at apparently low titer, suggesting that it may be present at strll 
lower, nondetectable titers in the others. 

d with ninc 
lowed reac . . -  

tions were tested for effect on phytohe- 
magglutinin (PHA) stimulation of T-cell 
mitogenesis (Fig. 4). A marked inhibi- 
tory effect by fractions 50 to 60 was 
observed. Repeated experiments with 
various quantities of the fraction of 
sperm head proteins soluble in Triton X- 
100, examined for both PHA- and poke- 
weed mitogen-induced DNA synthesis 
confirmed this observation. 

Because proteins were also distributed 

in other fractions of the chromatogram, 
it was relevant to determine which frac- 
tions included the antigenic moieties rec- 
ognized by the circulating IgM antibod- 
ies and whether concordance of 
antigenicity and inhibition of T-cell mito- 
genesis could be shown. The fractions 
were segregated into seven pools (Table 
2), the protein content of each pool was 
determined, and the immunoreactivity of 
two normal adult sera with each pool 

ty with acr . - .. .. ig. 3. I m m ~  . - Fi rnoreactivi 
reglon or sperm by lgM antlboales In 
specimens of serum. Case 1: (A) serum 
an ARC patient (June 1983); (B) serum 
the same patient diagnosed with AIDS. 
1984; died). Case 2: (C) Serum from an 
patient (June 1983); (D) serum from the 
patient (July 1983); (E) serum from the 
patient (November 1983; symptoms and 
cal status improved) (11). 

> 
serial 
from 
from 

(June 
ARC 
same 
same 
clini- 

7 JUNE 1985 



Fig. 4. Proteins of 160 
sperm heads soluble 
in Triton X-100, chro- 

C 
0 .- 

matographed on a Se- - 
m 

phadex G-50 column. 06 120 ; 
The 100 fractions ? 
were tested for inhibi- u 

tion of PHA-stimu- 04 
c 

80 'i 
lated T-lymphocyte < t 

.- mitogenesis as de- I! 
scribed (15). Sym- E 
bols: (0) [3H]thymi- 02 40 
dine incorporation - + 
(with no sperm pro- I 

tein added, specific Ld 

activity, 140 X lo3 
0 

4 20 36 52 68 84 00 
countlmin); (@) pro- 
tein concentration. F r a c t i o n  n u m b e r  

was assayed (Table 2). The major part 
(-90 percent) of the reactivity between 
the fraction of sperm head proteins solu- 
ble in Triton X-100 and the IgM antibod- 
ies of human sera was due to the proteins 
segregated in fractions 50 to 60 (Fig. 4). 
Thus, a subset of proteins in the acroso- 
ma1 cap region of human sperm, which 
includes a factor (or factors) displaying 
an immunomodulatory property in vitro, 
is reactive with a subset of IgM antibod- 
ies that appear to be components of the 
normal set of circulating antibodies. 

Considerable evidence has linked a 
human T-cell leukemia virus-lympha- 
denopathy-associated virus to the etiolo- 
gy of AIDS (11). However, although 
antibodies to one or another of the vari- 
ants of that virus are detectable in sera of 
more than 30 percent of symptom-free 
homosexual men and more than 80 per- 
cent of those with ARC, only a small 
proportion of those proceed to AIDS 
(12). Thus, as is frequently stated (13), 
the epidemiological data suggest that the 

assault by the virus requires a predispos- 
ing or cooperative factor. 

Because spermatozoa are character- 
ized by a number of specific compo- 
nents, many of which are formed de 
novo after the individual has attained 
sexual maturity, sperm-specific moieties 
are believed to have a high potential for 
immunogenicity . During anal inter- 
course, sperm are introduced into mi- 
lieux where that potential may be maxi- 
mized (14), and some investigators have 
sought to identify sperm antibodies in 
the sera of homosexual men at risk for 
AIDS as evidence of an immunogenic 
cofactor in the disease (2). 

In view of our data, a distinction 
should be made between antibodies elic- 
ited by sperm and antibodies immuno- 
logically reactive with, but not elicited 
by, sperm moieties. We have identified a 
set of IgM antibodies that are clearly of 
the latter class. Their distribution in the 
general population (Table 1) suggests 
that these antibodies are not the result of 

Table 2. Results of radioimmunoassay (2) of the reactivity of subfractions of sperm head 
proteins soluble in Triton X-100 (see Fig. 4) with IgM antibodies in normal human serum. I2'I- 
labeled goat antibody to human IgM was used as a probe. The total immunoreactivity of each 
pool was calculated as follows: AM x M = R,, where AM is the activity (in counts per minute) 
in 5 kg of protein, M is the amount of protein (in micrograms) in the pool, and R, is the total 
reactivity. We have assumed a linear relation for the activity in 5 kg of protein, but even if this is 
not the case, the data show (i) that the immunoreactivity between the IgM antibodies and the 
fraction of sperm head proteins soluble in Triton X-100 is distributed similarly among the 
subsets of that fraction of proteins in the two normal human sera and (ii) that the major part of 
this reactivity (-90 percent) is in the proteins in pool 5. The fractions (see Fig. 4) were grouped 
as follows: pool 1, fractions 1 to 20; pool 2, fractions 21 to 28; pool 3, fractions 29 to 36; pool 4, 
fractions 37 to 49; pool 5, fractions 50 to 60; pool 6,  fractions 61 to 68; and pool 7,  fractions 69 to 
100. 

Serum 1 Serum 2 
Fraction M 

AM Rt AM Rt 

Total 5261 5483 
Pool 1 15 17 50 14 42 

2 1875 503 1.9 x lo5 470 1.8 x lo5 
3 270 440 2.4 x lo4 388 2.2 x lo4 
4 225 405 1.8 x lo4 379 1.7 x lo4 
5 21 15 5483 2.4 X lo6 5568 2.4 X lo6 
6 14 
7 14 

No protein 
- 

18 

1214 

sperm-induced immunity but are normal 
constituents of human serum and thus 
may be components, possibly regula- 
tory, of the immune system. 

A relation between deficiency in those 
IgM antibodies and impairment of the 
immune system is shown in Table 1 and 
Fig. 3, and immunologic reactivity be- 
tween a discrete subset of IgM antibod- 
ies and a specific subset of sperm-de- 
rived proteins is shown in Fig. 2. A 
dichotomy is suggested because sperm 
moieties may be implicated in the patho- 
genesis of AIDS. Thus, one hypothesis 
suggested by these observations is that 
certain IgM antibodies may have a role 
in maintaining immunologic homeosta- 
sis, and the introduction or an overload 
of the proteins with which a specific 
set of IgM antibodies are reactive may 
result in disruption of an equilibrium. 
The immunogenic factor in AIDS, there- 
fore, might be depletion of a critical set 
of IgM antibodies, thereby establishing 
a medium in which the AIDS-associated 
retrovirus may be effectively pathogenic. 
An alternative hypothesis would take 
into account the demonstrated T-cell mi- 
togenic inhibitory property of the sperm 
proteins. An overload of these proteins 
could suppress proliferation of a spe- 
cific fraction of T cells, leading to an 
immunodeficient state. 

The question then arises as to whether 
a deficiency of the IgM antibodies identi- 
fied in this study or of other naturally 
occurring antibodies can be demonstrat- 
ed in sera of patients with other immune 
disorders. A study consisting of a broad 
survey of such sera is underway. 
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Deregulation of Interleukin-2 Receptor Gene Expression in 
HTLV-I-Induced Adult T-cell Leukemia 

Abstract. Infection of human T cells by human T-lymphotropic virus, type I 
(HTLV-I), a retrovirus, is uniformly associated with the constitutive expression of 
large numbers of cellular receptors for interleukin-2 (IL-2). Comparison with normal 
T cells shows that neither ZL-2 receptor gene organization nor IL-2 receptor 
messenger RNA processing are altered in the leukemic cells. However, mitogenic 
stimuli activate IL-2 receptor gene expression in normal T cells, whereas these 
stimuli paradoxically inhibit IL-2 receptor gene transcription in HTLV-I-infected 
leukemic T cells. 

The type C retrovirus, human T-lym- 
photropic virus, type I (HTLV-I), has 
been identified as the etiologic agent in 
adult T-cell leukemia (ATL) (I). HTLV-I 
infection of human T cells is uniformly 
associated with expression of large num- 
bers of cellular receptors for interleukin- 
2 (IL-2) (2, 3). Together, IL-2 and its 
cellular receptor play an essential role in 
the control of normal T-cell growth (4). 
The relation of IL-2 receptor expression 
to HTLV-I infection is still unexplained. 
However, since most ATL cell lines do 
not transcribe IL-2 messenger RNA 
(mRNA) nor secrete IL-2, an autocrine 
growth model based on the continuous 
interaction of IL-2 with its receptor is 
unlikely (5). Furthermore, there is evi- 
dence that the IL-2 receptor is not the 
cellular receptor mediating entry of the 
HTLV-I virus (6). The finding that 
HTLV-I is not integrated at unique sites 
within the human genome argues against 
IL-2 receptor gene activation by adja- 
cent insertion of HTLV-I promoter-en- 
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hancer sequences (7). We (8) and others 
(9) have recently isolated complemen- 
tary DNA's (cDNA's) encoding the hu- 
man IL-2 receptor. Using these IL-2 
receptor cDNA probes, we have studied 
the deregulated expression of the IL-2 
receptor gene in HTLV-I-infected T 
lymphocytes. 

Fig. 1. Northern blot analysis of IL-2 receptor 
mRNA expression in normal T cells and ATL 
cell lines. Normal T cells were incubated in 
RPMI 1640 culture medium and stimulated for 
18 hours with PHA (1 ~glrnl) and PMA (50 ngl 
ml). Total cellular RNA (10 pg) from unstimu- 
lated T cells (A), T cells stimulated with PHA 
and PMA (B), and ATL cell lines HUT 102 
(C), PUP6 (D), C91lPL (E), MJ (F), and C5/ 
MJ (G)  were size-fractionated on formalde- 
hyde-agarose gels, transferred to nitrocellu- 
lose filters, and hybridized to pIL2R2 and 
pIL2R4 cDNA probes (8) labeled with "P by 
nick translation. The origin and cell surface 
phenotype of these cell ATL lines have been 
described (3). 

To investigate the possibility that IL-2 
receptor expression reflects constitutive 
synthesis of IL-2 receptor mRNA, we 
used 32~-labeled IL-2 receptor cDNA to 
analyze total cellular RNA from five 
ATL cell lines by Northern blotting. 
Each of these ATL lines constitutively 
expressed IL-2 receptor mRNA species 
similar in size to those present in mito- 
gen-activated normal T cells (Fig. 1). 

In an attempt to detect subtle differ- 
ences between IL-2 receptor mRNA spe- 
cies from ATL cells and those from 
normal T cells, which might not have 
been evident in the Northern blotting 
analyses, we performed S1 nuclease pro- 
tection studies with IL-2 receptor 
mRNA obtained from normal T cells and 
ATL cells (Fig. 2). As reported earlier 
(8), the formation of mature IL-2 recep- 
tor mRNA involves extensive post-tran- 
scriptional processing, including alter- 
nate splicing and the use of at least two, 
and probably three, separate polyadenyl- 
ation [poly(A)] sites. In a first set of 
experiments, we used the Eco RI-Nae I 
cDNA fragment of pIL-2R3, correspond- 
ing to 910 base pairs (bp) at the 5' end of 
the published sequence of pIL-2R3 (8). 
This fragment contains an internal 216- 
bp segment that may be removed by 
alternate splicing (8, 9). Each of the ATL 
cell lines, like normal activated T cells, 
expressed both spliced and unspliced 
forms of IL-2 receptor mRNA's (Fig. 2). 
The spliced mRNA was detected in the 
S1 nuclease protection assay by identify- 
ing two fragments of sizes 549 bp and 155 
bp, indicating the lack of protection 
within the 216-bp segment of the labeled 
Eco RI-Nae I fragment. The unspliced 
mRNA species is translated into an IL-2 
binding receptor (8), but the function and 
the protein product encoded by the alter- 
nately spliced mRNA species are still 
undefined. 

In a second series of S1 nuclease ex- 
periments, the 3' Bgl I-Eco RI fragment 
of pIL-2R3 corresponding to base pairs 
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