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Men with congenital bilateral absence of the vas deferens (CBAVD) have been
regarded as presenting a mild form of cystic fibrosis (CF). In this article, we re-
port a case of male-factor infertility, in which both partners are carriers of the
AF508 mutation and the male partner has CBAVD. Microsurgical epididymal
sperm aspiration (MESA) was performed to obtain spermatozoa; intracytoplas-
mic sperm injection (ICSI) was carried out on the oocytes since the motility of
the spermatozoa was severely impaired; and embryo biopsy ard a polymerase
chain reaction (PCR) were carried out for preimplantation diagnosis of the CF
AF508 mutation. Single-blastomere analysis was performed and indicated that
two embryos were affected (homozygous AF508) and three embryos were car-
riers. After transfer of the latter three embryos, a singleton pregnancy was es-
tablished. At amniocentesis, the AF508 carrier status of the fetus with a 46, XY
karyotype was confirmed. A healthy boy was born and the presence of vasa
deferentia, bilaterally, was confirmed. The CF sweat test was also normal. Suc-
cessful fertilization can be obtained by combination of MESA and ICSI in
patients with CBAVD. Preimplantation diagnosis of CF is indicated. Pregnancy

and birth of normal children can ensue in such patients.
(JAMA 1912721555 1860)

CONGENITAL bilateral abzence of the
vas deferens (CBAVD) is a well-known
cause of male infertility. More than 20
vearsago, it was suggested that CBAVD
might be a particular form of cystic fi-
brosis (CF) since obstructive azoosper-
mia and absence of the vas deferens are
the principal pathological findings for
male infertility in CF. Recently, it has
been demonstrated that men with
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CBAVD have a higher than normal fre-
quency of the most common CF muta-
tion AF508, thus confirming a possible
link between CF and CBAVD."* More
recently, the detection of compound het-
erozygotes and homozygotes for CF mu-
tations among men with CBAVD has
led to the conclusion that CBAVD is a
primarily genital form of CF in other-
wise normal, healthy men with no other
phenotypic manifestations of CF.**
Infertility in couples caused by
CBAVD in the male has long been con-
sidered untreatable. However, the de-
velopment of microsurgical epididymal
sperm aspiration (MESA) in combina-
tion with in vitro fertilization (IVF) tech-
nology has opened up new possibilities
for such couples and has led to preg-
nancies and the birth of healthy chil-

dren.™ The high carrier frequency for
CF (about one in 25 in the white popu-
lation), together with the observation
that men with CBAVD may have CF,
are both conducive to caution when per-
forming MESA and IVF. Both partners
should be sereened for CF mutations to
evaluate the couple’s risk of having a
child with severe CF: high-risk couples
should be informed about the possibili-
ties of early prenatal diagnosis. In such
couples, preimplantation diagnosis is in-
dicated since an IVF procedure has to
be performed anyway.

In this article, we report on a couple
in which both partners carry a AF508
CF mutation and the man has CBAVD.
After MESA, epididymal sperm was
used for the fertilization of oocytes by
intracytoplasmic sperm injection (ICSI).
The ICSI technique was preferred to
regular [VF, since the latter technology
vields rather poor fertilization and preg-
nancy rates, particularly when sperm
motility is significantly impaired. After
preimplantation diagnosis for the AF508
mutation, three AF508 carrier embryos
were replaced in the woman's uterus
and a pregnancy ensued. A phenotypi-
cally normal, non-CF boy was born at
term and the presence of both vasa def-
erentia was observed.

Materials and Methods
Patients,.—The patients were a
healthy couple, both 36 years old, with
a diagnosis of male infertility caused by
CBAVD. Both were screened for the
presence of 12 mutations in the CF
transmembrane conductance regulator
(CFTR) gene™ AF503, G542X, G551D,

PCR Analysis for AF508 Mutation in Single Blastomeres—Liu et al



DNA Amplification in Single Blastomeres Isolated From Embryos Resulting From Intracytoplasmic Injection

With Epididymal Sperm*

No. of Blastomeres No. Amplified Clinical
Embryo Stage Removed After PCRtT Results Decision
1 4-cell 1 1 Homozygote AF508 Not used
7-cell 1 1 AF508 carrier Transterred
3 7-cell 1 1 AF508 carrier Transferred
4 5-cell 1 1 Homozygote AF508 Nol used
5 8-cell 2 1 AF508 carrier Transterred

*Mo amplification signals were observed in blanks.
1PCR indicates polymerase chain reaction.

R553X, W1282X, N1303K, AI507,1717-1
Gto A, R560T, S549N, R117H, and 621+1
G to T. Both were found to carry the
AF508 mutation, but none of the other
mutations. After genetic counseling of
the couple with regard to their risk of
having a CF child, they gave informed
consent to perform preimplantation di-
agnosis for the AF503 mutation. This
study was approved by the Institutional
Ethics Committee.

MESA and Sperm Preparation.—The
details of the MESA proceure have
been described previously.™ he semen
characteristics were asseszed by stan-
dard procedures for sperm density, mo-
tility, and morphology. The spermato-
zoa were then washed once in Earle's
medium containing 3% bovine serum al-
bumin (BSA) and centrifuged at 1300g
for 5 minutes. The supernatant was dis-
carded and the sperm suspension was
put on top of a two-laver Percoll gradi-
ent (95% to 47.5%). After centrifu-
gation, the 95% Percoll fraction was
removed and mixed with 3 volumes of
Earle’s medium to remove the Percoll
particles. This sperm suspension was
used first for the injection procedure
and the remainder was cryopreserved.

Oocytes and ICSI Procedure.—
Twelve oocytes were retrieved after
ovarian stimulation by an association of
gonadotropin-releasing hormone analogs
and human menopausal gonadotropins.”
The cumulus and corona cells were re-
moved as previously described.'*!! In-
tracytoplasmic sperminjection was car-
ried out on all 12 oocytes that had ex-
truded the first polar body.

The details of the ICSI procedure have
been previously described.!* After in-
jection, the injected oocytes were trans-
ferred into 25-uL. dropletz of B2 me-
dium under lightweight paraffin oil
(29436 SH, British Drug House, Dorset,
England) and incubated at 37°C in an
atmosphere with 5% 0., 5% CO., and
90% N,. About 16 hours after ICSI, the
injected oocytes were examined care-
fully under the inverted microscope, in
order to observe whether they were in-
tact and fertilized. Normal fertilization
was assumed to have occurred when two
clearly distinct pronuclei were present.
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After another 24 hours of in vitro cul-
ture, the fertilized oocytes were exam-
ined for their cleavage. Four- to eight-
cell embryos were then used for embryvo
biopsy and preimplantation diagnosis by
PCR.

Embryo Biopsy and PCR Assay for
the Region of the CF AF508 Muta-
tion.—One or two blastomeres were re-
moved from each embryo by microma-
nipulation and checked for the presence
of a nucleus.¥* After removal of the
blastomeres, single blastomeres were
put into PCR tubes containing 20 uL of
distilled water. Each of the blastomeres
had its own blank, which was taken from
the washing droplet of the blastomere.
Polymerase chain reaction tubes con-
taining blastomeres or blanks were
stored at —20°C until the PCR assay.
Two consecutive PCRs with nested
primers were performed. The details of
these PCRs and the analyses of the re-
sulting products have been reported be-
rore‘“-l.ﬂ

Results

After MESA, the sperm concentra-
tion was 14.3x10%mL, the total motility
was 2%, and the morphology of the sper-
matozoa was normal. Twelve oocytes
were retrieved. All were injected by the
ICSI technique and 11 oocytes (92%)
remained intact after injection. Five of
the 11 oocytes (45%) showed normal fer-
tilization 16 hours after ICSI and these
cleaved to the 4- to 8-cell stage another
40 hours later. From each embryo one
or two blastomeres were removed by
micromanipulation. All five embryos re-
mained intact after biopsy. Single-blas-
tomere DNA was analyzed by PCR
(Table). After PCR, the results indicated
that two embryos were affected (homo-
zygous for the AF508 mutation) and
three embryos were carriers of the
AF508 mutation. In one blastomere, no
DNA amplification was obtained by
PCR. None of the six blanks showed
any signal of false-positive amplification.
The three carrier embryos were mor-
phologically sound and were transferred
into the uterus of the female patient on
the third day after ICSI. A pregnancy
test was done 14 days after embryo
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transfer. The human chorionic gonado-
tropin in the blood inereased to 236 [U/L
and to 519 TU/L on day 16 (human cho-
rionic gonadotropin in blood is <10 IU/L
in nonpregnant women). On day 30, one
embryo and a yolk sac were observed
and a normal heartbeat was present. At
16 weeks and 3 days of gestation, an
amniocentesis was carried out and the
result showed (1) a normal 46, XY karyo-
type and (2) the heterozygous carrier
status for the AF508 mutation. In April
1994, a AF508 carrier boy was born at
term and weighed 2700 g. At 3.5 months
asweat test was performed with normal
results (sodium, 18 mmol/L; chloride, 30
mmol/L). Physical examination revealed
the presence of vasa deferentia, bilat-
erally.

Comment

To our knowledge, this is the first
report on the combined use of MESA,
ICSI, and preimpluntation diagnosis for
the CF AF508 mutation in a couple with
male infertility caused by CBAVD. For
fertilization of the oocytes with epididy-
mal sperm, the ICSI technique was used
instead of standard IVF. Both fertiliza-
tion and pregnancy rates are greatly
reduced in regular IVF using epididy-
mal gperm with severely impaired mo-
tility from CBAVD men. The sperm mo-
tility of our patient was severely im-
paired (2%). In our experience, such
couples have never achieved fertiliza-
tion or pregnancy through MESA and
conventional [VF. A low number of mo-
tile sperm is often an exclusion eriterion
for couples having regular IVF. On the
other hand, high fertilization and preg-
nancy rates are observed in such couples
after [CSLY For this reason, ICSI, which
seems to be independent of sperm char-
acteristics, was used for fertilization of
this patient’s oocytes.

Of 12 retrieved oocytes, one (8%) was
damaged by the injection procedure.
This number corresponds well to the
number of damaged oocytes found in a
large series of ICSI procedures con-
ducted in our center.'"** In contrast, the
fertilization rate (five embryos from 11
oocytes [45%]) was lower than that ob-
tained in this series (71.2%), although it
was close to our standard IVF rate of
55% and much higher than the 7% fer-
tilization rate in IVF with epididymal
sperm from men with CBAVD.

About 55 hours after the ICSI pro-
cedure, the five embryos developed to
the 4- to 8-cell stage and one or two
blastomeres were removed from each
embryo for PCR analysis. We have pre-
viously described a reliable and sensi-
tive PCR method for the analysis of the
region containing the CF AF508 muta-
tion in blastomeres."** This same pro-
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cedure was used successfully for the di-
agnosis of the five embryos, as a result
of which two homozygous AF508 and
three heterozygous carriers of the AF508
mutation were found. No noncarriers of
the AF508 were found, contrary to what
would be expected from the autosomal
recessive pattern of inheritance of CF.
Of course, the number of embryos ana-
Ivzed is low and this observation will
probably be due to chance.

The three carrier embryos were re-
placed in the uterus less than 10 hours
after the start of the preimplantation di-
agnosis procedure and a singleton preg-
nancy resulted, confirmed by human cho-
rionic gonadotropin values and ultra-
sound. Amniocentesis, carried out at 16
weeks and 3 days of gestation, confirmed
the AF508 carrier status of the fetus and
indicated a normal 46, XY karyotype. A
healthy boy was born at term. At 3.5
months of age, a normal sweat test was
obtained, and the presence of both vasa
deferentia was confirmed.

The injection of a single spermato-
zoon may also have an advantage for the
PCR procedure. Since in ICSI the oo-
cytes are not brought into contact with
several thousands of motile spermato-
zoa, the possibility of contamination by
DNA of sperm origin is impossible.

One important question remains with
regard to the phenotype of the AF508
carriers as related to CF. The increased
frequency of CF mutations in men with
CBAVD, together with the finding of
several compound heterozygotes among
them, has led to the suggestion that these
patients represent a special form of CF
primarily characterized by a genital phe-
notype. In our male patient who has no
phenotypic symptoms of CF, only a
AF508 mutation was found, but he still
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risk of having children with more se-
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been described with a genotype AF508/
R117H, which is a well-known CF geno-
type. These men were described as be-
ing free of symptoms of CF. However,
in a recent study by the Cystic Fibrosis
Genotyvpe/Phenotvpe Consgortium,” CF
patients with this genotype were com-
pared with age-matched AF508 homo-
zvgous patients and no significant sta-
tistical difference was found between
these two groups with regard to the
severity and course of pulmonary dis-
ease. On the other hand, AF508/R117TH
patients were pancreatic-sufficient, were
older at diagnosis, and had lower sweat
chloride concentrations than the AF508
homozygotes. Apart from these, all other
parameters studied showed a wide vari-
ability in each group (mild vs severe CF
phenotype) and were not statistically
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different. A detailed study of CF pa-
tients with the AF508/R117H genotype
and men with CBAVD with the same
genotype will be necessary to clarify the
extent of clinical overlap in these two
groups of patients. However, the clini-
cal variability in CF patients with this
genotype suggests that in some cases a
rare CF mutation from a CBAVD man
in combination with a AF508 mutation
from the female partner may lead to a
more severe CF phenotype in the prog-
eny. Inarecent effort, we were not able
to find a second mutation in the father
by screening most of the CFTR gene.
We also looked for informative intra-
genic and extragenic polymorphisms to
discriminate between the alleles of the
parents and to correlate these with the
alleles found in the two affected (homo-
zvgotes for the AF503 mutation) em-
bryos, which were frozen after preim-
plantation diagnosis. These attempts
were also unsuccessful in finding geno-
type differences in the parents. Since
CBAVD was not present in the baby
boy, it seems most likely that he has
inherited the AF508 mutation from his
father and a normal CF gene from his
mother. However, further genotype
studies will be required to confirm this.

In summary, successful fertilization
can ensue from a combination of MESA
and ICSI in patients with CBAVD even
if the quality of spermatozoa is severely
impaired. Preimplantation diagnosis of
CF isindicated and pregnancy and birth
of normal children can result in such
patients.
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