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Detection of Papillomavirus DNA in Human Semen two groups of patients- (i) Patients with 
epidermodysplasia verrucifonnis (EV) dis- 

Human papillomavirus DNA has been daected in the semen of three patients, two of 
whom have severe chronic wart disease. These data support the contention that sexual 
transmission of human papillomavirus DNA could occur via semen, a possibility 
suggested by epidemiological data on the sexual transmission of human papilloma- 
virus. 

S EVERAL HUMAN PAPILLOMAVIRUS 
(HPV) DNA genomes have been 
shown to be physically associated 

with various types of benign, premalignant, 
and malignant lesions of the anogenital tract 
(1-8). Epidemiological evidence has sug- 
gested a correlation between some male 
penile cancers and female partner cervical 
carcinomas (9) and has indicated that male 

patients exhibiting severe chronic HPV in- 
fections. We have found HPV-5 or HPV-2 
DNA in semen from three of the patients, an 
indication that sexual transmission of HPV 
may occur directly through the delivery of 
HPV-containing semen. 

In our ongoing studies on the nature of 
severe chronic and recurring papillomavirus- 
associated diseases, we have concentrated on 

eke have a chronic and familial condition 
characterized by flat warts and pigmented 
papules which in one out of three patients 
will progress to squamous cell carcinoma in 
sun-exposed areas of the skin (11, 12). (ii) 
Veterinarians and meat-handlers have a high 
incidence of wart disease and frequent recur- 
rence after treatment (13,14). We extracted 
the total DNA from semen samples of three 
patients from each of these groups and 
analyzed it by the Southern blot hybridiza- 
tion technique, using nick-translated probes 
of molecularly cloned HPV DNA's (15-1 7). 
The sensitivity of these analyses as deter- 
mined by reconstruction experiments indi- 
cated that less than 0.06 genome copy per 
diploid cell equivalent could be detected for 
homologous HPV types and about 0.6 copy 
per cell for heterologous HPV types detect- 
ed under conditions of reduced stringency. - .  

sexual partners of women with various be- 
nign or premalignant cervical lesions were at 
high risk for having penile lesions (10). 
Because the incidence of HPV in the male is 
far lower than in the female (9,l O), there are 
questions about the possible modes of sexu- 
al transmission of HPV. In an attempt to 
determine whether semen can serve as a 
reservoir for HPV DNA or HPV virus, we 
have used the Southern blot hybridization 
procedure to examine semen from several 
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a Total ejaculates 
b Patient K.O. Fig. 1. Detection of HPV-5 in the semen of two 

patients. (a) Fresh or frozen semen from an EV 
K.O. M.O. Normal Wash patient (K.O.), lane 1, his son (M.O.), lane 2, and 

1 2 3  4 5 a normal donor. lane 3. were treated with a 

Form 

&re of 1 percent sodium dodecyl sulfate and 
Pronase (500 mglml) overnight at 37°C. Donors 
wore gloves to prevent possible contamination of 
samples. After extraction with phenol, 
pheno1:chloroform (1 : 1 by volume), and chloro- 
form, the ethanol-concentrated nucleic acids were 
treated with ribonuclease A and extracted as 
above. Total cellular DNA (about 15 kg) was 
analyzed by electrophoresis in agarose gels, trans- 
ferred to nitrocellulose, and hybridized under 
stringent conditions with a 32P-labeled HPV-5 
probe. Form I1 and form 111 represent the posi- 
tions of nicked, double-stranded or linear, dou- 
ble-stranded native HPV DNA, respectively. (b) 
The semen of vatient K.O.. obtained about 5 
months after &e sample analyzed in (a), was 

peUeted and washed three times with isotonic saline. Both the sperm pellet, lane 4, and pooled 
supernatant washes, lane 5, were extracted for DNA as above. Size of linear HPV DNA and markers are 
given in kilobases (kb). 
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We initially examined semen from an 
HPV-5-infected EV patient (K.O.) (18) 
and a former meat-handler (G.M.) with a 
debilitating wart disease of the hands and 
chronic lymphatic leukemia. The semen 
from both patients contained HPV DNA 
(Figs. 1 and 2). Several warts from the 
hands of G.M. were found by stringent 
hybridization to contain both HPV-2 and 
HPV-3 DNA. We confirmed this by molec- 
ularly cloning and characterizing each of 
these HPV DNA species. Only HPV-2 
DNA was found in the semen of this pa- 
tient. 

In an attempt to determine whether se- 
men from the progeny of the EV patient 
also contained HPV DNA, we analyzad a 

DNA extract from his son's (M.O.) semen 
and found HPV-related DNA present (Fig. 
1). This subject exhibited no clinical evi- 
dence of any wart disease. Since hybridiza- 
tion was conducted under stringent condi- 
tions with an HPV-5 probe, the DNA de- 
tected in semen from this patient represent- 
ed HPV-5-related nucleotide sequences. In 
this case, as with the others, the small 
amount of HPV DNA detected did not 
permit extensive restriction endonuclease 
analyses. Therefore, it cannot be ruled out 
that the viral DNA found in donor M.O. 
might be one of the many HPV DNA types 
found in EV patients that cross hybridize 
with HPV-5 DNA under these conditions. 

In an attempt to determine whether the 

a A Patlent 
tknt 

Hlnd Ill G.M. 
I.M. 

Fig. 2. Detection of HPV-2 in the HPV-2 uncut  am nlrlu Waah 
semen of a former meat-handler. I 2 3 4 s 6 7 
Semen from patient G.M. was ex- a - - -* 
tracted for total cellular DNA and 

-v 

analyzed as in Fig. 1. Characteriza- 
tion of the HPV DNA present with 
or without ~ r i o r  treatment with the 23.1 - - -. -.. 

restriction enzyme Bam HI was ac- 
complished by stringent hybridiza- 

Hpv-2 z- e 
tion with 32P-labeled HPV-2. (a) 

6.6 - - 
About 20 ua of total cellular DNA 
was treated h each of lanes 2 and 3. 
Lane 1 is a mixture of 16 pg of 4.4 . 
linearized HPV-2 DNA and radio- 
labeled bacteriophage A Hind I11 
DNA fragments. Lane 4 is radiola- 
beled bacterio~haae A Hind 111 
DNA fragmenis, a;ld lane 5 is 16 2.3 - 
pg of linearized HPV-2 DNA. (b) 
About 4 ua total was used for both 2.0 - 
sperm p&t and wash DNA ex- 
tracts in lanes 6 and 7. 

Fig. 3. Screening for HPV DNA in 
the semen of normal donors. Se- 
men from healthy normal donors 
was extracted for total cellular 
DNA (lanes 1 through 10). Ap- 
proximately 20 pg of each was then 
treated with Bam HI prior to analy- 
sis for HPV DNA. A DNA extract 
of a normal foreskin is also included 
(lane 11). 32P-Labeled HPV-6- 
pBR322 DNA was hybridixd un- 
der conditions of low stringency, 
which permit the detection of all 
HPV types. A small amount of 
nonspecific trapping of label in the 
high molecular weight region is 
observed under these conditions. 
Vector bands are pBR322 cleaved 
from HPV-16 at the unique Barn 
HI cloning site in lane 12 and the 
slightly smaller Eco RI-Bam HI- 
cleaved pBR322 excised from the 
two cloned fragments of HPV-6 in 
lane 13. The band near the top of 
lane 12 represents a small amount 
of uncleaved HPV- 16-pBR322 
plasmid. 

Pa 
G 

Sperm 
IPV-2 pellet 

'-18 80PO 

t-6 20 PO 

'm J- Vector. 

HPV DNA present in these semen samples 
was associated with sperm, we centrifuged 
semen samples of two patients (K.O. and 
G.M.) and gently washed them with isoton- 
ic saline. Approximately 95 percent of the 
HPV DNA was found associated with ex- 
tracts of the washes and not with the sperm 
pellet (Figs. 1 and 2). This suggests that the 
HPV DNA was not associated with sperm 
in the semen samples but rather was present 
as either free viral particles or HPV DNA. 
Although the presence of free viral particles 
could not be detected in the semen by 
electron microscopy (suggesting that the 
viral DNA present may not be associated 
with viral particles in these patients), this 
issue could not be unequivocally resolved in 
these studies because of an inadequate sup- 
ply of semen from these patients for more 
rigorous density gradient hybridization 
analyses. 

Ten additional semen specimens from 
normal donors were examined under condi- 
tions of low stringency with an HPV-6 
probe in order to determine the prevalence 
of HPV DNA in a sampling of the general 
population. There was no evidence for the 
presence of HPV nucleotide sequences in 
these samples when compared to a negative 
foreskin DNA control (Fig. 3). Similar neg- 
ative results were obtained with HPV-16 
and HPV-18 DNA probes. 

Papillomavirus-associated lesions of the 
male (19) and female (20) urethra have 
recently been reported. Although there was 
no clinical evidence for urinary papillomas 
in our patients, we sought to ascertain 
whether exfoliated HPV-infected cells or 
virions being shed by an undetected urethral 
lesion in these patients might be responsible 
for our initial results. The first and second 5- 
ml fractions of urine samples from these 
patients were extracted for DNA analysis. 
We were unable to detect HPV DNA in 
these samples by the Southern blot hybrid- 
ization procedure. This finding suggests 
that the positive hybridization results on the 
semen samples do not reflect HPV shedding 
from urinary or bladder lesions. No clinical 
evidence of genital neoplasia was observed 
in the spouses of these patients, although 
subclinical infections could not be ruled out 
at this time. 

It should be noted that HPV-2 and HPV- 
5 are not normally associated with lesions of 
the genital tract. Recent reports have indi- 
cated that primarily HPV-6 and HPV-11 
are associated with the majority of benign or 
mildly dysplastic lesions (6) and that HPV- 
16 and HPV-18 are associated with more 
severe dysplastic or malignant lesions of the 
anogenital tract (7). Although we cannot 
unequivocally demonstrate the transmission 
of HPV DNA via semen to sexual partners, 



the presence of the viral genome in these 
cases suggests that sexual transmission by 
this route could indeed occur. Unequivocal 
evidence implicating semen-mediated trans- 
mission of HPV would require a \ much 
larger sample of male sexual partners of 
women with benign, premalignant, and ma- 
lignant HPV-associated lesions. The results 
of such a study would help to clarify wheth- 
er the presence of HPV nucleotide se- 
quences in semen represents a general phe- 
nomenon in males at risk for sexually trans- 
mitted diseases or rather is an unusual event 
found only in patients with rare chronic and 
debilitating wart diseases. 
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The NOD Mouse: Recessive Diabetogenic Gene 
in the Major Histocompatibility Complex 

Examination of the histocompatibility region of the nonobese diabetic (NOD) mouse 
with antibodies against class I1 glycoproteins (products of immune response genes of 
the major histocompatibility complex I-A and I-E), hybrid T-cell clones, and rnixed- 
lymphocyte cultures and analysis of restriction fragment length polymorphisms 
indicate that the NOD mouse has a unique class I1 major histocompatibility complex 
with no expression of surface I-E, no messenger RNA for I-E,, and an I-A not 
recognized by any monoclonal antibodies or hybrid T-cell clones studied. In crosses of 
NOD mice with control C3H mice, the development of diabetes was dependent on 
homozygosity for the NOD mouse's unique major histocompatibility region. 

T HE NOD (NONOBESE DIABETIC) 
mouse develops type I diabetes mel- 
litus characterized by pancreatic beta 

cell destruction in association with a massive 
lymphocytic infiltration of islets (1-4). De- 
velopment of diabetes mellitus is dependent 
on intact T-cell function and is presumed to 
be autoimmune in etiology (5 ) .  

In both man and BB rat, type I diabetes is 
in part determined by an unknown gene or 
genes within the major histocompatibility 
complex (MHC). Two categories of genes 

within the MHC are immune response 
genes coding for dimeric polypeptides (I-A 
and I-E) and genes coding for single-chain 
glycoprotein transplantation antigens (class 
I). We used several techniques to analyze the 
MHC of the NOD mouse. Serologic analy- 
sis of class I histocompatibility alleles indi- 
cates that the NOD mouse is H - ~ K ~  and H- 
2~~ (6). We also studied the reactivity of 
monoclonal antibodies to the I-A and I-E 
glycoprotein molecules and the interaction 
of a conventional antiserum to Ia with NOD 

splenocytes (Table 1) (7-12). As a control 
for the percentage of B lymphocytes in the 
spleen of each strain, we analyzed the reac- 
tivity of antimouse immunoglobulin. 

Conventional antiserum designated 
FIa1,2,3,7, made by immunizing A.TH mice 
with A.TL cells, reacted with splenocytes of 
NOD, BALBIc, and C67BLl6 mice. None 
of the monoclonal antibodies to class I1 
antigens studied, however, reacted with 
NOD splenocytes, although all were reac- 
tive with either or both splenocytes from 
the control strains [BALBls (H-2d) and 
C57BLi6 ( ~ - 2 ~ ) l .  Five of the specific 
monoclonal antibodies reacted with I-Ab 
and four with I-Ad, in addition to exhibiting 
their other H-2 specificities. Monoclonal 
antibody 14-4-4 reacts with all H-2 haplo- 
types expressing surface I-E molecules (9). It 
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Table 1. Percentage of splenocytes reacting with specific antibodies to class I1 antigens. Fluorescein isothiocyanate-conjugated goat antibody to mouse 
immunoglobulin was used as a control for the percentage of B lymphocytes. Specificities of FIa1,2,3,7 (A.TH anti-A.TL) and monoclonals are as follows: 
FIal > 2 > 3 > 7 > ~-2b.d,f~h,l,k~m~o,~,q~tb,td,te,tl.~-~~,~-ss (7); 3Jp, II-Ab,',k,p,4,',S,u,v but not 1-Ad 8 ; Af6-120 I - A ~  but not 1-Ad; 17-227, 1-Absk but not I - A ~ ~ s . ' ~ ~  (9). 6 14-4-4, I-Ek,d,p,r but not strains lacking surface I-E such as ~ - 2 ~ , ~ , ~ ~ ~  (10); MKD6, I-A but not I - A ' ~ ~ ~ ~  (11); 25-9-17, I-Absd; andM51114, I-Abvd and I-E~.': 
(12). Splenocytes isolated with Ficoll-400 (lymphocyte-M; Cederlane Laboratories) were incubated with monoclonal antibodies on ice for 45 minutes and 
washed three times. Then the cells were stained with fluorescein-conjugated F(ab')z fragment goat antibody to mouse immunoglobulin G (gamma-chain 
specific; Cappel). The percentage of fluorescence-positive cells was determined by Coulter Epics fluorescence cytometer analysis. Normal mouse senun and 
nonspecific monoclonal antibody (P3X63) fluorescence were subtracted for FIa1,2,3,7 and the monoclonals, respectively. 

Antibody to FIa1,2,3,7 3JP AF6- 17- 
Specificities immunoglobulin 120 227 14-4-4 MDK6 25-9-17 M51114 

(B lymphocytes) (I-t/E) ( ' 4  (I-A) (I-A) (I-E] ( 1 - 4  ( 1 - 4  (I-A-E) 

NOD 44 
BALBIc (H-2d) 52 
C57BLl6 (H-2b) 54 
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