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Effects of hepatitis B virus infection on human sperm chromosomes
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Abstract

AIM: To evaluate the level of sperm chromosome aberrations
in male patients with hepatitis B, and to directly detect
whether there are HBV DNA integrations in sperm
chromosomes of hepatitis B patients.

METHODS: Sperm chromosomes of 14 tested subjects (5
healthy controls, 9 patients with HBV infection, including 1
with acute hepatitis B, 2 with chronic active hepatitis B, 4
with chronic persistent hepatitis B, 2 chronic HBsAg carriers
with no clinical symptoms) were prepared using interspecific
in vitro fertilization between zona-free golden hamster ova
and human spermatozoa, and the frequencies of aberration
spermatozoa were compared between subjects of HBV
infection and controls. Fluorescence in situ hybridization
(FISH) to sperm chromosome spreads was carried out with
biotin-labeled full length HBV DNA probe to detect the specific
HBV DNA sequences in the sperm chromosomes.

RESULTS: The total frequency of sperm chromosome
aberrations in HBV infection group (14.8 %, 33/223) was
significantly higher than that in the control group (4.3 %,
5/116). Moreover, the sperm chromosomes in HBV infection
patients commonly presented stickiness, clumping, failure
to staining, etc, which would affect the analysis of sperm
chromosomes. Specific fluorescent signal spots for HBV DNA
were seen in sperm chromosomes of one patient with chronic
persistent hepatitis. In 9 (9/42) sperm chromosome
complements containing fluorescent signal spots, one
presented 5 obvious FISH spots, others presented 2 to 4
signals. There was significant difference of fluorescence
intensity among the signal spots. The distribution of signal
sites among chromosomes was random.

CONCLUSION: HBV infection can bring about mutagenic
effects on sperm chromosomes. Integrations of viral DNA
into sperm chromosomes which are multisites and

nonspecific, can further increase the instability of sperm
chromosomes. This study suggested that HBV infection can
create extensively hereditary effects by alteration genetic
constituent and/or induction chromosome aberrations, as
well as the possibility of vertical transmission of HBV via the
germ line to the next generation.
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INTRODUCTION

Hepatitis B virus (HBV) infection is a serious public health
problem worldwidel*3, especially in Far-East Asia such as
China. During HBV infection, HBV can be found in saliva,
vaginal secretions, semen and other tissues beyond the liver
and blood*9, It is well established that HBV DNA could
integrate not only into the host hepatocytes but also into sperm
celld™9, Extensive studies have confirmed that HBV DNA
integrated into the hepatocytes will increase chromosome
instability and cause genetic recombination and
hepatocarcinogenesis™*. In this study, in order to clarify the
inheritable influence of HBV on sperm chromosomes, we used
interspecific in vitro fertilization with zona-free hamster eggs
to prepare sperm chromosomes and compared the aberration
frequencies of sperm chromosomes between patients with
hepatitis B and the controls. In addition, FISH technique with
HBV DNA as a probe was used to detect HBV sequencesin
sperm chromosomes and to analyze features of sperm
chromosomes integrated HBV DNA. The genetic significance
of the results from thisinvestigation was discussed.

MATERIALS AND METHODS

Subjects

Nine men with HBV infection, including 1 subject with acute
hepatitis, 6 with chronic hepatitis (2 with chronic active
hepatitis, 4 with chronic persistent hepatitis), 2 chronic HBsAg
carriers with no clinical symptoms, and 5 healthy men as
controls were studied. The age range was from 22 to 38 years
old (mean 27), without the history of exposure of radiation
and use of mutagenic agent. The status of the markers of HBV
infection of the subjects tested was listed in Table 1.

Preparation of sperm chromosomes

The technique of interspecific in vitro fertilization of zona-free
golden hamster was used to prepare the sperm chromosomes.
Those proceduresincluded the trestment of semen samplesfrom
the tested subjects, superovulation of golden hamsters and egg
processing, insemination and postinsemination culture and
preparation of chromosome dlided®24,

Analysis of aberrations of sperm chromosome
Sperm chromosome dlides were stained with 10-fold diluted
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Giemsain 50 ml Sorensen’ sbuffer, pH6.8, for 20-30 min and
observed under the light microscope. After the observation,
the slides were stored at -70 C for FISH test. Frequency
distributions of spermatozoa with chromosome aberrations
were evaluated by using Chi-square test.

Fluorescence in situ hybridization of sperm chromosomes
Labeling HBV DNA probe with biotin Recombinant
plasmid, pHBV-1 containing 3.2kb HBV genomic DNA, was
taken to amplify according to the routine method'??. The
3.2kb HBV DNA probe with its vector (altogether 6.2kb) was
labeled with biotin-14-dATP by nick trandation (GIBCOBRL
No. 18247-015). Unincorporated nucleotides were separated
by cold ethanol precipitation method.

In situ hybridization Sperm chromosome dideswere orderly
treated with RNase (Sigma) at 100 mg/L for 60 minat 37 C,
then at 50 mg/L pepsin (Sigma) in 0.01N HCI for 10 min at
37 °C, at last at 1 % polyformaldehyde in PBS for 10 min at
room temperature. Chromosomes were denatured at 75 °C for
4 minin 70 % formamidein 2xSSC. In situ hybridization with
denatured DNA probe mentioned above was performed with
amodification of the procedure described by our previous
paper, Briefly, 10 m hybridization buffer (50 % deionized
formamide, 10 % dextran sulfate, and 2xSSC) containing 40
ng/m biotin-labeled HBV DNA probe, 500 ng/m sheared salmon
sperm DNA was placed on each dide. A coverdip (18x18 mm)
was then applied and sealed with rubber cement, followed by
overnight incubation in ahumidified chamber at 37 °C.
Detection of hybridization signals Post-hybridization
washing was carried out, referring to Korenberg’ s methods
for mapping small DNA probes?!, once in 40 % formamide,
2xSSC for 10 min at 40 C, then twice, each for 5 min, in
2xSSC at room temperature. Hybridization signals were
detected with FITC-conjugated avidin and amplified with goat
biotinylated anti-avidin antibody followed by another layer of
FITC-avdin (avidin and anti-avidin, Vector Laboratories). To
increasetheintensity of the hybridization sgna, asecond round
of amplification was applied by sandwich method as above.
In order to reduce the nonspecific binding, the slides were
preincubated in 4xSSC with 15 % nonfat dry milk for 10 min
at 37 °C prior to each step of immunological reactions. The
chromosomes were counterstained with propidium iodide (PI,
Sigma) and 4, 6-diamidino-2-phenylindole (DAPI, Sigma),
2 mg/ml each in PBS/glycerol (1:9, v/v) containing 0.2 % (1,4)-
diazobicyclo-(2, 2, 2) octane (DABCO, Sigma) as an anti-fade

Table 1 Markers of HBV infection of the tested subjects

agent. Photograghy wastaken under a fluorescence microscope
(BH-2, Olympus) with the G excitation filter, EY-455 help
excitation filter and Y-475 barrier filter, using Fuji ASA 400
color film.

RESULTS

Analysis of chromosomal quality

Under the same conditions of the experiment, sperm of the
subjects with HBV infection as well as healthy controls
appeared to be able to penetrate into zona-free hamster oocytes
and to develop to the first-cleavage metaphase. However, the
quality of metaphase spreads of sperm chromosomes had
significant difference between the above two groups (P<0.005,
c2-test). The quality of anumber of sperm chromosome plates
of the subjectswith HBV infection was|ow, showing generally
hard to be stained, stickiness of chromosome, clumping,
tortuosity and so on, making the analyzable metaphase spreads
greatly decreased. Whereas, few of these phenomena occurred
in the controls although a small proportion of sperm
chromosome plates of the controls could not be analyzed
because of poor separation of chromosomes (Table 2).

Incidence of chromosome aberrations

Among the analyzable metaphase spreads, chromosome
aberrations observed included numerical anomaly (aneuploidy),
gap, ring chromosome, triradial, dicentric chromosome,
pulverization, acentric fragment and deletion, orderly. Of the
233 analyzable sperm metaphase spreads in the hepatitis group,
33 (14.8 %) complements contained chromosome aberrations,
being significantly higher than 5 (4.3 %) chromosome
aberrationsin the control group (P<0.005, c2-test).

Signals of in situ hybridization

Using specific whole length HBV DNA as probe to perform
in situ hibridization on sperm chromosome dlides, the sperm
metaphases of one patient with chronic persistent hepatitis
(subject 6) presented positive signas, all other tested subjects
spermatozoa (50 per subject), aswell as all hamster oocytes
(more than 200) did not have FISH signal (Table 1). Of 42
chromosome complements of subject 6 with chronic persistent
hepatitis, 9 complements showed clearly twin yellow spotson
some chromosomes. In 9 sperm metaphase spreads with
positive signals, one had 5 signals on different chromosomes,
the rest ranged from 2 to 4 spots involving unrelated

Serum

Seminal fluid

Subjects Age

HBsAg Anti-HBc HBeAg
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Anti-HBe HBV-DNA HBsAg HBV-DNA
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a1: acute hepatitis; 2, 3: chronic active hepatitis; 4, 5, 6, 7: chronic persistent hepatitis; 8, 9: chronic HBsAg carriers.
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Table 2 Analytical results of sperm chromosomes of the tested subjects

Number of abnormal sperm

Sub-jects  Number of Number (%) Number(%) of With structural aberrations Rates (%) FISH Re
metaphase of analyzable normal sperm  With aneu of anormal -sults

spreads observed metaphase spreads karyotypes -ploidy g r tr dic pul ace del sperm

Hepatitis

1 73 23(31.5) 20(87.0) 1 0 0 0 1 0 1 0 13.0

2 69 20(29.0) 15(75.0) 1 1 0 2 0 0 0 1 25.0

3 72 24(33.3) 22(91.7) 0 1 0 0 0 1 0 0 8.3

4 68 29(42.6) 25(86.2) 0 0 1 0 2 0 1 0 13.8

5 86 30(34.9) 28(93.3) 1(1)? 0 1 12 0 0 0 0 6.7 -

6 113 43(38.1) 30(69.8) 5(2)2 41 2(1)2 2(1)* 0 2 1° 0 30.2 +

7 82 19(23.2) 19(100) 0 0 0 0 0 0 0 0 0.0

8 61 23(37.7) 20(87.0) 0 0 1 0 1 1 0 0 13.0

9 48 12(25.0) 11(91.7) 1 0 0 0 0 0 0 0 8.3

Total 672 223(33.2) 190(85.2) 9(3)2 6(1)* 5 5 4 4 3 1 14.8

Controls

1 57 31(54.3) 29(93.5) 0 0 1 0 0 0 1 0 6.5

2 61 21(34.4) 21(100) 0 0 0 0 0 0 0 0 0.0

3 50 19(38.0) 19(100) 0 0 0 0 0 0 0 0 0.0

4 36 17(47.2) 16(94.1) 1 0 0 0 0 0 0 0 5.9

5 42 28(66.7) 26(92.9) 0 1 0 0 1 0 0 0 7.1

Total 246 116(47.2) 111(95.7) 1 1 1 0 1 0 1 0 4.3

g=Gap; r=Ring; tr=Triradial; dic=Dicentric chromosome; pul=Pulverization; ace=Acentric fragment; del=Deletion
aFor containing both numerically and structurally chromosomal aberrations simultaneously
bFor containing gap and acentric fragment chromosome aberrations simultaneously

chromosomes. The intensity of signal presented distinct
difference among the spots. Positive signals detected were not
identical in the chromosomes and in distribution (Figurel).

Figure 1 Detection of HBV DNA sequences in sperm chromo-
somes by FISH with biotinylated whole length HBV DNA
probe: (A) a well separated chromosome plate from one pa-
tient (subject 6) with chronic persistent hepatitis, with three
fluorescent signals on different chromosomes; (B) a poorly sepa-
rated chromosome plate from the same patient with five fluo-
rescent signals.

DISCUSSION

Our studies showed that the frequency of sperm chromosomal
aberrationswas greatly elevated after the infection of hepatitis
B virus, and FISH could directly visualize the integration of
HBV DNA seguencesinto sperm chromosomes. These results
suggested that HBV infection could produce inheritable
biological effects by carrying genetic materials damaged by
virusor carrying atered genetic constituent due to theinsertions
of virusDNA in germ cells. Aswe know, thisisthe first report
about the influence of biological factors on human sperm
chromosomes.

In our study, we unexpectedly found that the sperm
chromosomes frequently presented stickiness, faint stain and
extreme tortuosity in the tested subjects with HBV infection
and analyzable metaphases were low. Nevertheless, these
changeswere not found in the healthy controlsunder the strictly
identical conditions. A previous report demonstrated that this
manifestation had occurred in the chromosomes of somatic
cells of HB patients with positive HBsAg?!. The reasons of
causing chromosomal gtickinessin the HBV infection patients
were unclear. The possibilities we considered might include
the following events: First, antigen components of HBV such
as core protein might interfere with the assembly of
chromosome from chromatin due to its interaction with
histones, it was confirmed that the core protein of HBV had
participated in the organization of nucleosomes with histones
in the hepatitis B virus minichromosome!?¢?7, so the
condensation degree of chromosome was decreased and
staining of chromosome became more difficult. Second, local
despiralizations in the chromosomes occurred due to virus or
its components. Third, premature chromosome condensation
(PCC) might be induced by HBV, because virus-induced PCC
was a common phenomenon?, Chromosome stickinessitself
may be a manifestation of chromosomal pulverizations.

Previous reports have indicated that HBV infection can
induce genetic alterations in somatic cells including
hepatocytes and blood cells etc, showing increase of the rate
of chromosomal aberrations or SCES?%, |t was reported that
influenza in spermatocytes of mice could greatly induce the
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increase of chromosomal anomalies®®. Our studies revealed
that the incidence of chromosomal aberrations in the HBV
infection group was significantly higher than that in the
controls. Although in the present study the individual sample
sizes and analyzable chromosome numbers were not large
enough and it was difficult to compare the differences of rates
and types of aberrations among the different clinical and
serological states of HBV infection, there were some features
worthy to be considered: First, the incidence of chromosome
aberrations did not appear to be closely correlated with the
semind fluid satus of HBV infection; Second, the chromosome
pulverizations were not observed in the controls but were
present in 4 sperm cellsin the HBV infection group; Third,
subject 6 with proven HBV integrations in the sperm
chromosomes had prominently higher level of chromosomal
aberration than the other HBV infection subjects; Fourth, the
chromosome breakages were more frequent in the HBV
infection group than that in the controls.

FISH onto sperm chromosomes by specific HBV DNA as
a probe had showed positive signalsin an HBV patient. The
results directly indicated that HBV could penetrate blood-testis
barrier and enter male germ line and integrate into their
genome. So the possibility of vertical transmission of HBV
viathe germ cellswas further confirmed*#*9, Our preliminary
observations showed that HBV integrations into sperm
chromosomes had the feature of multi-site integrations and
that the predilection site of HBV insertion into chromosomes
seemed to be unlikely present. These results were similar with
other previous reports about HBV -related hepatocellular
carcinoma either in HCC-derived cell lines or in liver tumor
samplest™73233 During spermatogeneis, the stem cells
sequentially undergo proliferation by mitosis and
differentiation into spermatocytes and formation into
spermatozoa by meiosis. The occurred important events of
meiosis were the pairing and recombination of chromosomes
during the prophase of meiosis I*7. Thus it was possible that
relocation of viral sequences and multi-site integrations could
occur via genetic recombination when HBV was inserted into
male reproductive cells, but the genetic effect of initial HBV
insertion into various spermatogenic stages must have been
greatly various. If theinsertion occurred in stem cells, their all
daughter cells would carry the integrated form of viral DNA
and the effects would be long-term. In our studies, we were
surprised by the fact that FISH showed strong signalsin a
patient using single small DNA probe. The reasonable
explanations for this result included that the copies of HBV
strand-invasion may be multiple, HBV sequence generated
duplicationsin situ after the invasion into host genome, during
the processes of making spermatozoa, unequal cross-over or
DNA rearrangementsoccurred repeatedly dueto HBV insertion
into DNA of stem cells. According to the sperm chromosome
aberration analysis (Table 2), such a subject with HBV
integrations had relatively higher incidence of sperm
chromosome aberration than that in other subjects without
HBV integration. This correlation implied that viral DNA
integrationsinto germ line significantly increased the instability
of gametic genome. Thus, HBV integration into sperm cells
would create extensively inheritable effectsincluding offspring
from such sperm fusion with ovum presenting HBV infection
statusin newborn infant and producing congenital or hereditary
disease (for example, embryonal tumor) by altering genetic
constituent and/or inducing mutationg®4%,

We concludethat H BV infection can bring about mutagenic
effects on sperm chromosomes which show that the incidence
of sperm chromosome aberrationsissignificantly elevated after
the infection of HBV. Integrations of viral DNA into sperm
chromosomes with feature of multisites and nonspecific can
further increase the instability of sperm chromosomes. Our

study suggests that HBV infection can create extensively
inheritable effects not only by altering genetic constituent and/
or inducing mutations but also possibly by vertical transmission
of HBV viathe germ line to the next generation.
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