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KAPOSI’S SARCOMA–ASSOCIATED HERPESVIRUS DNA SEQUENCES IN PROSTATE TISSUE 
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Abstract

 

Background.

 

Sequences of a novel herpesvi-
rus, Kaposi’s sarcoma–associated herpesvirus (KSHV),
have been identified in Kaposi’s sarcoma tissue, but it
is not known whether the virus is transmitted by sexual
contact.

 

Methods.

 

Using the polymerase chain reaction (PCR),
we searched for KSHV DNA sequences in ejaculates
from 43 healthy men and tissue from the urogenital tract
or prostate of 100 immunocompetent adults.

 

Results.

 

In an unblinded analysis, we identified KSHV
DNA sequences in 2 of 20 tissue specimens from the
urinary tract (10 percent; 15 men and 5 women), 3 of 46
specimens from the female genital tract (6.5 percent),
4 of 18 specimens from the glans or foreskin (22 percent),
7 of 16 specimens from the prostate (44 percent), and 30
of 33 ejaculates (91 percent). By contrast, such sequenc-

es were present in 1 of 18 samples of normal skin (5.5
percent) and 1 of 14 samples of peripheral-blood mono-
nuclear cells (PBMCs; 7.1 percent). Ejaculates and PBMC
samples from each of 10 study subjects were analyzed in
a blinded, coded fashion, along with PBMCs and biopsy
specimens of normal skin from 4 and 8 other patients, re-
spectively. This analysis confirmed the presence of KSHV
DNA sequences in semen. Viral DNA was not found in the
sperm heads but was present in the fraction of the ejacu-
lates that contained urothelial and other types of cells.
Point mutations were found in PCR products amplified
from both prostate tissue and sperm samples.

 

Conclusions.

 

KSHV infects a large proportion of
healthy adults and is probably transmitted by sexual con-
tact. (N Engl J Med 1996;334:1168-72.)
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C

 

HANG et al.

 

1

 

 have found herpesvirus-like DNA
sequences in Kaposi’s sarcoma tissue from a pa-

tient with human immunodeficiency virus (HIV) in-
fection and the acquired immunodeficiency syndrome
(AIDS). To date, these DNA sequences have been de-
tected by the polymerase chain reaction (PCR) and
Southern blot hybridization in nearly all biopsy spec-
imens from patients with classic Kaposi’s sarcoma
(common in people of Mediterranean origin), endemic
Kaposi’s sarcoma (common in people in subtropical re-
gions of Africa), and AIDS-associated Kaposi’s sarco-
ma, as well as in body-cavity–based lymphomas from
patients with AIDS.

 

2-6

 

 The DNA sequences of this novel
virus, tentatively named Kaposi’s sarcoma–associated
herpesvirus (KSHV), showed a high degree of homolo-
gy with those of Epstein–Barr virus (EBV) and herpes-
virus saimiri, two lymphotropic herpesviruses belong-
ing to the subfamily of the Gammaherpesvirinae.

 

1

 

 Like
all other herpesviruses, EBV is ubiquitous in humans,
establishes latent infection in the host, and reactivates
to spread in the population. KSHV DNA, however, was
detected neither in normal tissues from immunocompe-
tent persons nor in the majority of non–Kaposi’s sar-
coma tissues from patients with AIDS. As has been
pointed out, the biologic and epidemiologic character-
istics of KSHV should therefore differ from those of all
other known human herpesviruses.

 

7

 

 
The observation that Kaposi’s sarcoma is 10 times

more frequent among homosexual or bisexual men with

AIDS acquired sexually than it is among patients with
AIDS transmitted in other ways has suggested that Ka-
posi’s sarcoma may be caused by a sexually transmitted
agent.

 

8,9

 

 This prompted us to analyze sperm and tissue
specimens from the urogenital tract and prostate gland
for KSHV DNA sequences. 

 

M

 

ETHODS

 

Study Samples

 

The tissue samples studied consisted of 18 biopsy specimens of nor-
mal skin, 14 samples of peripheral-blood mononuclear cells (PBMCs)
from immunocompetent persons, 2 biopsy specimens of normal kid-
ney tissue, 8 kidney tumors, 1 biopsy specimen of normal bladder tis-
sue, 5 bladder carcinomas, 1 biopsy specimen of normal ureteral tis-
sue, 3 ureteral tumors, 9 biopsy specimens from normal uterine
cervical tissue, 24 cervical carcinomas, 3 vaginal carcinomas, 3 biopsy
specimens of normal vulvar tissue, 7 vulvar carcinomas, 4 aceto-white
lesions (characterized by slight epithelial changes of various origins)
of the glans, 14 samples of normal foreskin tissue, 8 hyperplastic le-
sions of the prostate, 8 prostate carcinomas, and 43 sperm ejaculates
(Table 1). Six Kaposi’s sarcoma skin lesions (two from patients with
AIDS-associated Kaposi’s sarcoma, two from Italian patients with
classic Kaposi’s sarcoma, and two from Ugandan patients with en-
demic Kaposi’s sarcoma) and one lymph node from a patient with
AIDS but no clinical evidence of Kaposi’s sarcoma were also studied.
Among these tissue specimens, ejaculates and PBMC samples from
the same 10 donors, as well as 4 PBMC samples and 8 biopsy speci-
mens of normal skin from other patients, were analyzed in a blinded,
coded fashion. The samples of normal skin were obtained from immu-
nocompetent persons undergoing various kinds of surgery. The sperm
donors were Italian patients from the Po Valley who were undergoing
surgery for varicocele and had no other apparent clinical condition.

 

PCR Assays

 

Twenty sperm samples were assayed by PCR for the presence of
the HIV-1 

 

gag

 

 gene, with negative results. The tissue samples were
finely minced with disposable scalpels, suspended in a solution con-
taining proteinase K (100 

 

m

 

g per milliliter of solution) and sodium do-
decyl sulfate (0.2 percent wt/vol), and incubated at 37

 

�

 

C for 15 hours.
The DNA samples were purified by three extractions with phenol–
chloroform, two extractions with chloroform, and two extractions
with diethyl ether and were precipitated in ethanol. The PBMCs were

 

Copyright © 1996 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org on December 4, 2009 . For personal use only. No other uses without permission. 



 

Vol. 334 No. 18 KSHV DNA SEQUENCES IN PROSTATE TISSUE AND HUMAN SEMEN 1169

lysed according to a rapid DNA-extraction procedure; suspended in a
solution containing 10 mM TRIS–hydrochloric acid (pH 8.00), 1 per-
cent (vol/vol) polyoxyethylene lauryl ether, and proteinase K at a con-
centration of 100 

 

m

 

g per milliliter; incubated at 65

 

�

 

C for 2 hours; and
boiled for 10 minutes. The equivalent of 75,000 cells (about 500 ng of
DNA) was analyzed by PCR. DNA was extracted from the sperm
specimens according to published procedures.

 

10

 

 
PCR primers KS1 and KS2, which have been previously described,

amplify DNA sequences from nucleotide 987 to nucleotide 1218 in
KS33Bam, a DNA fragment cloned from a Kaposi’s sarcoma–tissue
genomic-DNA library.

 

1

 

 PCR reactions with these primers were per-
formed as previously described,

 

1

 

 with either 35 or 45 PCR cycles, as
specified. Primers NS1 (5

 

�

 

ACGGATTTGACCCCGTGTTC3

 

�

 

) and
NS2 (5

 

�

 

AATGACACATTGGTGGTATA3

 

�

 

) amplify DNA sequences
from nucleotide 1021 to nucleotide 1180 and were used in a nested
PCR analysis. In this analysis, 5 

 

m

 

l of the PCR products obtained
with primers KS1 and KS2 were added to the PCR mixtures contain-
ing primers NS1 and NS2 and amplified as described as above for a
total of 30 cycles at an annealing temperature of 56

 

�

 

C. The PCR
products amplified with primers KS1 and KS2 were hybridized with

 

32

 

P-labeled–oligonucleotide DNA probes.

 

1

 

 

 

The products of the nested PCR reactions were labeled with phos-
phorus-32 (about 0.5 

 

m

 

g), digested with restriction enzymes, and
fractionated on 5 percent nondenaturing polyacrylamide gels. Ali-
quots of nested-PCR products (about 1 

 

m

 

g) were gel-purified by ab-
sorption to a glass-powder matrix and sequenced by the dideoxy
technique with a femtomole DNA-sequencing kit (Promega, Madi-

son, Wis.). Differential extraction of DNA from sperm heads and
from the sperm fraction containing urothelial cells was performed as
described previously.

 

10

 

 The DNA samples extracted from all the spec-
imens and sperm fractions were positive for a

 

 b

 

-globin DNA frag-
ment on PCR amplification.

 

R

 

ESULTS

 

Tissue specimens from the urogenital tract, prostate
tissue, and sperm samples were analyzed with primers
KS1 and KS2, which amplify DNA sequences contained
in KS33Bam, a DNA fragment isolated from a Kapo-
si’s sarcoma–tissue genomic-DNA library.

 

1

 

 In an un-
blinded analysis, viral sequences were detected by both
PCR amplification and hybridization to an oligonucle-
otide probe in 2 of 20 tissue specimens from the uri-
nary tract (10 percent), 3 of 46 specimens from the fe-
male genital tract (6.5 percent), 4 of 18 specimens of
tissue from the glans and foreskin (22 percent), 7 of 16
specimens from the prostate (44 percent), and 30 of 33
sperm samples (91 percent) (Table 1). The samples
testing positive were obtained from 2 infiltrating kidney
adenocarcinomas, 1 adenocarcinoma of the uterine cer-
vix, 1 sample of normal cervical tissue, 1 sample of nor-
mal vulvar tissue, 4 samples of normal foreskin tissue,
2 infiltrating adenocarcinomas of the prostate, 5 sam-
ples of prostate tissue with hyperplasia, and 30 ejacu-
lates from patients undergoing surgery for varicocele.
The prevalence of KSHV DNA was significantly higher
in sperm than in the prostate (P

 

�

 

0.007). The prostate
samples, in turn, had a significantly higher prevalence
of viral sequences than the tissues from the urogenital
tract (P

 

�

 

0.005).
In control reactions, PCR mixtures without the DNA

template always tested negative, as did eight biopsy spec-
imens of normal skin from other patients that were an-
alyzed together with the sperm samples. Four control
samples were created by processing aliquots of phos-
phate-buffered saline with the same procedures, re-
agents, and buffers used to extract DNA from the sperm
samples. These control samples were prepared while a
set of nine sperm samples was being processed, and the
control samples tested negative on PCR amplification
for both KSHV and 

 

b

 

-globin DNA sequences.
These specimens were all subjected to 45 cycles of

amplification. Four of the seven samples of prostate tis-
sue that tested positive (57 percent) yielded signals
clearly visualized on ethidium bromide staining (Fig.
1A and data not shown). All the other specimens, in-
cluding the sperm samples, yielded positive signals only
after hybridization to the oligonucleotide probe (Fig.
1B). Previous studies showed that KSHV DNA in Ka-
posi’s sarcoma tissue is generally detected on ethidium
bromide staining of PCR products amplified for only 35
cycles.

 

1

 

 We analyzed the 6 skin lesions from patients
with various types of Kaposi’s sarcoma and the 16
prostate specimens by PCR amplification for 35 cycles.
All six Kaposi’s sarcoma specimens yielded clear sig-
nals on ethidium bromide staining (Fig. 1C), but none
of the prostate specimens did so. Two biopsy specimens
of normal skin and the lymph node from a patient with

 

*Sequences were detected by both PCR and hybridization.

†Two of the 10 specimens were from women. Both KSHV-
positive specimens were from men.

‡One of the six specimens was from a woman.

§Three of the four specimens were from women.

 

Table 1. KSHV DNA Sequences Detected in
Urogenital Tissues, Prostate Tissue, and

Sperm.

 

T

 

YPE

 

 

 

OF

 

 S

 

AMPLE

 

N

 

O

 

. 

 

OF

 

S

 

AMPLES

 

N

 

O

 

. (%) P

 

OSITIVE

FOR

 

 KSHV*

 

Unblinded analysis

 

Kidney†
Non-neoplastic
Neoplastic
All

2
8

10

0
2 (25)
2 (20)

Bladder‡
Non-neoplastic
Neoplastic
All

1
5
6

0
0
0

Ureter§
Non-neoplastic
Neoplastic
All

1
3
4

0
0
0

Uterine cervix
Non-neoplastic
Neoplastic
All

9
24
33

1 (11)
1 (4)
2 (6)

Normal skin 10 0
Vagina (neoplastic) 3 0
Vulva

Non-neoplastic
Neoplastic
All

3
7

10

1 (33)
0
1 (10)

Glans lesions 4 0
Normal foreskin 14 4 (29)
Prostate

Non-neoplastic
Neoplastic
All

8
8

16

5 (63)
2 (25)
7 (44)

Sperm 33 30 (91)

 

Blinded analysis

 

Sperm 10 5 (50)
Normal skin 8 1 (12)
PBMC 14 1 (7)
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AIDS but no clinical evidence of Kaposi’s sarcoma all
tested negative (Fig. 1C).

To confirm the association of KSHV DNA sequences
with sperm, we performed a blinded analysis of ejacu-
lates and samples of PBMCs from each of 10 donors, as
well as 4 PBMC samples and 8 biopsy specimens of nor-
mal skin from other patients undergoing various kinds
of surgery. We prepared eight control samples while the
DNA was being extracted from the PBMC and sperm
samples. The samples of purified DNA were quantitat-
ed and diluted to a final concentration of 50 ng per mi-
croliter; 10-

 

m

 

l aliquots of the DNA and control samples
were analyzed in coded, blinded fashion with primers
KS1 and KS2 (for 45 cycles) and primers for the 

 

b

 

-glo-
bin gene. In these experiments, five sperm specimens,
one PBMC sample, and one skin-biopsy specimen test-
ed positive for KSHV DNA sequences. The positive
PBMC sample was from a patient whose sperm was
positive for KSHV DNA sequences. None of the control

samples or the PCR control reactions that did not have
DNA templates were positive. All the specimens except
the control samples were positive by PCR for the DNA
fragment of the 

 

b

 

-globin gene.
Five KSHV-positive sperm specimens were lysed and

digested with proteinase K under nonreducing condi-
tions, a procedure that leaves the sperm heads intact
but results in the lysis of the other types of cells present
in the sperm.

 

10

 

 These cells consist mainly of urothelial
cells.

 

11

 

 After the lysis of the sperm fraction containing
urothelial cells, the intact sperm heads were centri-
fuged, washed extensively, and lysed under reducing con-
ditions. The DNA samples extracted from both cell frac-
tions were subjected to PCR amplification with primers
KS1 and KS2 (Fig. 1D). In three cases, the sperm-head
fraction tested negative for viral DNA on PCR amplifi-
cation, whereas the fraction containing urothelial cells
tested positive. In the other two cases, the signal ob-
tained from the sperm-head fraction was less intense

 

Figure 1. Amplification of KSHV DNA in Prostate Tissue, Sperm, and Kaposi’s Sarcoma (KS) Lesions.
Panels A, B, and C show agarose gels stained with ethidium bromide (above) and blots indicating hybridization of PCR products
(below). The marker is a 123-bp DNA-ladder molecular-weight marker. The band below the 123-bp marker in the ethidium bromide–
stained agarose gels consists of PCR primers. Panel A shows an analysis of DNA from prostate tissue with cancer (adenocarcinoma)
or hyperplasia after 45 cycles of PCR. The controls were PCR reactions with no DNA template. DNA from an AIDS-associated Ka-
posi’s sarcoma skin lesion (AIDS KS) was amplified for 35 PCR cycles. Panel B shows an analysis of DNA extracted from sperm
samples and biopsy specimens of normal skin after 45 cycles of PCR. Panel C shows an analysis of various Kaposi’s sarcoma skin
lesions after 35 PCR cycles, with two biopsy specimens of normal skin and a lymph node from a patient with AIDS. Panel D shows
an analysis of DNA from five KSHV-positive sperm specimens after 45 cycles of PCR. For each specimen, DNA extracted from the

fraction containing sperm heads and DNA extracted from semen (the sperm fraction containing urothelial cells)
were analyzed separately.
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than that associated with the sperm fraction containing
urothelial cells (Fig. 1D). DNA samples extracted from
both sperm-head fractions were positive for 

 

b

 

-globin–
gene DNA sequences on PCR amplification (data not
shown).

The specimens positive on DNA amplification with
primers KS1 and KS2 were subjected to a nested PCR.
After 30 cycles, they all yielded clear signals on ethidi-
um bromide staining. Four nested-PCR products from
samples of prostate tissue and five from sperm speci-
mens were analyzed with restriction endonucleases 

 

Nco

 

I
and 

 

Pst

 

I, cutting once within the viral sequences ampli-
fied with primers KS1 and KS2. All nine specimens
showed the restriction pattern expected on the basis of
the published DNA sequences

 

1

 

 (data not shown). The
bulk of the nested-PCR products from three prostate-
tissue specimens and three sperm samples were se-
quenced. Point mutations were found in the PCR prod-
ucts from both types of samples (C

 

→

 

T at position 1086
and A

 

→

 

C at position 1139). These mutations are con-
tained within a putative viral gene

 

1

 

 but do not deter-
mine any amino acid substitution in the corresponding
polypeptide. Identical mutations have been detected by
other investigators in Kaposi’s sarcoma tissue.

 

3

 

 

 

D

 

ISCUSSION

 

Considerable evidence suggests that Kaposi’s sarco-
ma may be caused by an infectious agent transmitted
by sexual contact. Kaposi’s sarcoma develops in homo-
sexual men with AIDS 10 to 20 times more frequently
than it develops in other patients with AIDS,

 

8,9

 

 and
there is evidence that the presence of Kaposi’s sarcoma
may be related to specific homosexual practices.

 

12

 

 It
has been observed that the sexual partners of bisexual
men with AIDS are at high risk for the development of
the sarcoma.

 

8

 

 In this study, KSHV DNA was detected
by PCR in 12 percent of tissue specimens from the uro-
genital tract, 44 percent of samples from prostate tis-
sue, and 81 percent of ejaculates from immunocompe-
tent persons. The high frequency of positive semen
samples supports the hypothesis that KSHV may be
transmitted sexually. The fact that KSHV DNA was
detected less frequently in the prostate than in semen
suggests that it may be present in only some areas of
prostate tissue. Alternatively, the high prevalence of
KSHV DNA in sperm may be attributable in part to
the infection of other spermatic organs.

The ejaculates analyzed in this study were obtained
from patients who had no apparent clinical condition
besides varicocele. KSHV, therefore, appears to be a
ubiquitous virus that produces occult infection in a large
proportion of the general population. This finding makes
KSHV similar to the other known human herpesvirus-
es, which are frequently present in the population and
produce persistent, latent infection in otherwise healthy
persons.

 

7

 

 The presence of KSHV DNA sequences in the
prostate tissue and sperm of immunocompetent men
suggests that the spermatic organs may be sites of la-
tent KSHV infection in healthy people.

The pathogenesis of Kaposi’s sarcoma has long been

controversial. The disease has appeared to be associat-
ed with immunosuppression, but the role of immuno-
logic deficits in Kaposi’s sarcoma has never been well
defined. Two forms of the disease (AIDS-associated Ka-
posi’s sarcoma and iatrogenic Kaposi’s sarcoma) de-
velop in immunosuppressed people, but it is not clear
whether immunosuppression plays a part in the endem-
ic form of Kaposi’s sarcoma. Kaposi’s sarcoma lesions
can regress in transplant recipients after the immuno-
suppressive therapy is discontinued,

 

13

 

 but regression and
even complete remission have also been described in
severely immunocompromised people, such as patients
with AIDS.

 

14

 

 
Kaposi’s sarcoma is particularly prevalent in some

population groups from specific geographic areas, such
as elderly people from the Mediterranean region, young
males from subequatorial Africa, and immigrants to the
United States from the Caribbean.

 

15

 

 There is no obvi-
ous explanation for this geographic segregation. There
is evidence that Kaposi’s sarcoma is a cytokine-medi-
ated disease, because Kaposi’s sarcoma–like lesions are
induced in nude mice injected with Kaposi’s sarcoma
cells from humans, which recruit host cells by secreting
cytokines with autocrine and paracrine growth effects.

 

16

 

The HIV Tat protein interacts synergistically with one
of these cytokines, basic fibroblast growth factor, in in-
ducing such lesions.

 

17

 

 Homosexual men, the group at
highest risk for Kaposi’s sarcoma, have abnormal cyto-
kine levels, suggesting that the pathogenesis of Kapo-
si’s sarcoma may be related to both an early phase of
immunostimulation and a subsequent phase of immu-
nosuppression.

 

18

 

 
All these observations are difficult to reconcile with

a simple model of the pathogenesis of Kaposi’s sarco-
ma. The finding that KSHV is ubiquitous, however,
may provide insights useful in studying the pathogenet-
ic mechanisms of Kaposi’s sarcoma. Since the virus is
frequently present in otherwise healthy people, it ap-
pears that these mechanisms would be related to viral
reactivation rather than primary infection. As in the
case of other human herpesviruses, a number of factors
may cooperate to promote viral reactivation. Immuno-
stimulation, immunosuppression, contact with other in-
fectious agents, and genetic, behavioral, or environmen-
tal conditions associated with populations from specific
geographic areas may be among these factors. Contact
between the rectal mucosa and infected semen may
contribute to viral reinfection and reactivation in homo-
sexual men, accounting for the higher prevalence of Ka-
posi’s sarcoma in this risk group. There is hope that
studies of the latency and reactivation of KSHV will un-
veil some of the factors in the pathogenesis of Kaposi’s
sarcoma and other KSHV-related diseases.
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