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Meiotic and radiation studies in four
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SUMMARY The meiotic findings in four oligochiasmatic males are described. Radiation studies on

the somatic cells ofthree ofthem failed to provide evidence for a reduced facility to repairDNA which
might also have accounted for the observed failure of chiasma formation at meiosis. The data
support the idea that the 'low chiasma count' condition in sterile men is of mixed aetiology.

Mutants which drastically modify the normal pattern
of behaviour at meiosis have been described for a
number of species, both plant and animal (see
Baker et al., 1976, for review), although no proven
example of a human meiotic mutant has yet been
found. Several lines of evidence, however, suggest
that asynaptic and desynaptic recessive mutations
occur in man, the strongest line of evidence coming
from the study of meiosis in infertile men exhibiting
spermatogeni( arrest.

Several authors have described individual cases of
phenotypically and karyotypically normal men whose
meiotic chromosomes at metaphase I exhibit
reduced chiasma counts and an array of abnormal
configurations including univalents, large single
chiasma bivalents, multivalents, and fragments in
some or all cells (Hulten et al., 1970, 1974a; Pearson
et al., 1970; Dutrillaux and Gueguen, 1971;
Skakkebaek etal., 1973; Chaganti and German, 1974;
Koulischer and Schoysman, 1974; Ferguson-Smith,
1976; Templado et al., 1976). At pachytene in the
majority of these cases, the bivalents appear to be
completely synapsed (desynaptic type), but in two
patients, one described by Hulten et al. (1974a), the
other by Ferguson-Smith (1976), the formation of
the synaptonemal complex was defective and the
sex vesicle not identified (asynaptic type).
That some of these effects may have had a genetic

cause is suggested by the fact that, in three cases, the
men were from consanguineous marriages (Hulten et
al., 1970; Dutrillaux and Gueguen, 1971; Ferguson-
Smith, 1976). In a fourth case, a maternal uncle and
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Czechoslovakia.
Received for publication 17 November 1978

a maternal male cousin of the patient were also
sterile (Chaganti and German, 1974), and in a fifth
case (Ferguson-Smith, 1976), two married brothers
and one married sister of the patient were also
sterile.
Among the most important generalisations to have

emerged from the study of meiotic mutants in
species other than man is that some, if not all, of the
metabolic processes involved in meiotic development
and recombination appear to operate also in somatic
cells to ensure chromosome stability, both spon-
taneously and after irradiation. The relationship is
illustrated by the many reciprocal observations that
mutants affecting chiasma frequency of recombina-
tion also often exhibit somatic chromosome instabi-
lity, while mutants recovered because they are
sensitive to irradiation or radiomimetic drugs often
prove to have meiotic effects, particularly on recom-
bination (Baker et al., 1976).
The idea that the same biochemical pathways

could be involved in genetic recombination, repair
replication, and the formation of c4romosomal
exchanges (Evans, 1966; Kihlman and Hartley,
1968) has led to studies being undertaken to investi-
gate the response to irradiation of peripheral blood
lymphocytes or cultured fibroblasts from 'low
chiasma count' men (Adams, 1970; Pearson et al.,
1970; Clarkson, 1972; Ferguson-Smith, 1976).
Aberration induction was assessed after x-rays, and
levels of unscheduled DNA synthesis, indicative of
repair replication were estimated in autoradiographic
preparations of somatic cells exposed to 3H thymi-
dine after UV or x-rays. In one published case
(Pearson et al., 1970), the patient was a man with a
mean chiasma count at meiosis of 9 per cell, who
showed germ cell maturation arrest after metaphase
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I and resulting azoospermia. The studies showed an
approximately 50% reduction in levels of unsche-
duled DNA synthesis compared with controls after
both UV and x-rays, and an aberration yield
reduced about 20% below control levels. The authors
suggested that these effects, and the observed failure
of chiasma formation at meiosis, could all be
accounted for by a reduced facility for repairingDNA
in the cells of this particular subject. No other
evidence for reduced repair capacity in the somatic
cells of an asynaptic or desynaptic man, however,
appears to exist. Three other cases, mentioned by
Pearson et al. (1970), have been tested for UV and
x-ray induced unscheduled DNA synthesis and all
were found to be normal compared with controls
(Adams, 1970; Clarkson, 1972). The case described
by Ferguson-Smith (1976) was also normal in
respect of response to UV irradiation when tested
for unscheduled DNA synthesis (excision repair)
(Ferguson-Smith, 1976) and postreplication repair
(Lehmann et al., 1977). A fifth case, referred by J.
German, in which the meiotic defect showed arrest
of prophase at pachytene, also showed normal
levels of postreplication repair after UV and normal
survival after treatment with y-rays, UV, and mito-
mycin C (Lehmann et al., 1977).
The opportunity to study four more cases of this

kind has now arisen in our own laboratory and it
seemed important, therefore, to test the response of
their somatic cells to irradiation. The four patients,
all of whom were phenotypically normal, were
ascertained in a systematic study of patients under-
going testicular biopsy for investigation into the
causes of their infertility. From one subject to
another, they displayed in their spermatocytes at
metaphase I a range of chiasma reductions from
slightly subnormal to virtually achiasmatic, and in
their testicular histology, degrees of spermatogenic
impairment ranging from mild to severe. In no case
was there reason to believe that exogenous factors
were responsible for the meiotic irregularities, and
in no case was an obvious abnormality observed
in the somatic karyotype.

Case reports and meiotic investigations

CASE 1. ST 317
This case was a 32-year-old painter who presented
at the Subfertility Clinic in May 1971 after two years
of childless marriage. He had two sisters, one of
whom was married with a child and the other
unmarried, and one unmarried brother. Two seminal
samples, taken one month apart, gave a mean sperm
count of 8* 5 m/ml, mean motility of 28%, and mean
normal morphology of 65%. Histologically, the
spermatogenic activity appeared normal and meiotic

studies carried out on air-dried preparations showed
all stages of spermatogenesis present on the slides. A
distribution count on 200 dividing cells was within
normal limits compared with findings for control
patients (Table 1). No obvious pairing abnormalities
were seen in the meiotic prophase stages, but at
metaphase I a mean chiasma count of 40 6 per cell
was recorded for 26 cells. This was subnormal
compared with the normal mean frequency of 50-1
per cell recorded for human spermatocytes (Paris
Conference, 1971). In 56% of cells, the X and Y
chromosomes were present as univalents, a factor
associated with maturation failure in germ cells
(Miklos, 1974; Chandley et al., 1976).

CASE 2. ST 322
This case was a 26-year-old civil servant, childless
for nearly 3 years before presenting at the Subfertility
Clinic in August 1971. His wife later became preg-
nant and a baby was born in 1973. The patient then
remarried in 1974 and returned to the Subfertility
Clinic in 1976. Another baby was born later that
year to his second wife. He had two unmarried
brothers and one unmarried sister. On physical
examination, both testes were found to be small, but
no other phenotypic abnormality was recorded. The
seminal analysis, based on two samples, showed a
mean sperm count of 14 5 m/ml, mean motility
of 51 %, and mean normal morphology of 68%.
Histologically, the biopsy was classified as normal
and the air-dried meiotic preparations showed all
stages of spermatogenesis on the slides. The distribu-
tion count gave evidence, however, for a proportion
of cells failing to reach metaphase II compared with
controls (Table 1). No obvious synaptic abnorma-
lities were seen at meiotic prophase, but at metaphase
I the mean chiasma count was low at 39 3 per cell
for the 26 cells analysed. Dissociated X and Y
chromosomes were seen in 76% of 46 cells analysed.
Four of these cells also showed a single pair of
autosomal univalents.

Table 1 Distribution count ofdividing cells seen in
meiotic preparations from the 4 cases and 80 control
men with normal spermatogenesis (Chandley et al.,
1976)

Spermato- Metaphase Metaphase Total cells
gonial I (7%) II (Y'.) analysed
metaphase
(0M0)

Case 1
(ST 317) 8-5 55-5 36-0 200

Case 2
(ST 322) 5.5 68.5 26-0 200

Case 3
(ST 526) 6-0 90-0 4-0 100

Case 4
(ST 537) 31-0 67-0 2-0 100

Controls 10-9 52-8 36-4 14 020
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CASE 3. ST 526
This case was a 32-year-old machine operator,
married for 5i years before presenting at the Sub-
fertility Clinic in February 1977. He had two
brothers and four sisters, all of whom were married
with children. On physical examination, his left
testis was found to be small and the right testis of
normal size. A seminal analysis, based on a single
specimen, showed a sperm count of 3 m/mI, motility
of 30%, and normal morphology of 14%. The
histological report noted that the tubules contained
the normal content of spermatogonia and spermato-
cytes, but complete spermatogenesis was seen in only
a small proportion of tubules. Many obviously
degenerating primary spermatocytes were seen and
few spermatids or spermatozoa were formed. The
distribution count showed a severe reduction in.: :0*. . .
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numbers of cells reaching metaphase II. Prophase
pairing appeared normal in all cells examined, but at
metaphase I there was much obvious degeneration
and many univalent chromosomes. A mean chiasma
count of 28 1 was recorded for 15 cells which were
still sufficiently healthy to analyse. All showed
dissociated X and Y chromosomes, several large
single chiasma bivalents, and from one to five pairs
ofautosomal univalents. However, the mean chiasma
count recorded for this patient was spuriously high
owing to the fact that cells with very low chiasma
counts and many univalents, which made up the
majority, were too degenerate to analyse. A relatively
healthy C-banded metaphase I is shown in Fig. la.
This cell had a chiasma count of about 25 and 4 pairs
of univalents including the dissociated XY pair. A
C-banded metaphase II division is shown in Fig. 1 b.

**]
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Fig. 1 (a) Metaphase I and (b)
metaphase IHfrom case 3. Autosomal
univalents are marked U. C-banded
preparations.
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Fig. 2 Histological section of
seminiferous tubules from case 4.

Fig. 3 Testicular cells from the
air-dried preparations of case 4.
a, spermatogonial metaphase;
b, pachytene; c, diplotene; d, metaphase I.
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CASE 4. ST 537
This case was a 25-year-old soldier who presented at
the Subfertility Clinic in March 1977 after 3j years
of childless marriage. He had one brother married
with children. Physical examination showed that both
testes were small and a seminal analysis based on a
single specimen revealed azoospermia. Histolo-
logically, the testicular biopsy showed maturation
arrest at the primary spermatocyte stage in the
majority of tubules and the presence of spermatozoa
in only a minority (Fig. 2). In the air-dried meiotic
preparations there was an unusually high proportion
of spermatogonial metaphases, but very few cells
passed through meiosis to reach metaphase HI
(Table 1). The spermatogonial metaphases appeared
normal (Fig. 3a), as did the majority of pachytene
spermatocytes. However, in one or two cells at
pachytene, the bivalents displayed synaptic irregu-
larities, the chromosomes showing paired and
unpaired segments (Fig. 3b). The appearance of
these aberrant human pachytene cells was reminis-
cent of some of the pachytene spermatocytes we
have observed in a male hinny, the sterile hybrid
between the horse and donkey. In this animal, a
range of pairing irregularities, attributable to
parental karyotypic differences, are observed at
meiotic prophase (Chandley et al., 1974). At diplo-
tene in case 4, the bivalents appeared curly and
generally desynapsed (Fig. 3c), and at metaphase T
the majority of chromosomes were present as
univalents (Fig. 3d). The cells appeared virtually
achiasmatic and, in the majority of cases, fuzzy
and degenerate.

Radiation studies

To test the response of somatic cells to irradiation,
blood lymphocytes from case 2 and from two
healthy control males with normal chiasma counts
were irradiated with x-ray doses of 0, 75, 150, and
300 rad. (Blood from case 1 could not be obtained.)
Irradiations were carried out in plastic syringes,
before culture (GO), using a 250 kV Siemens machine
operated at 6 mA filtered by a Thoraeus filter. The
cells were cultured for 48 hours by a modification of
the method of Hungerford (1965). Slides were
stained with aceto-orcein, coded, and scored blindly
by one observer (MK). A total of 100 cells per
sample were analysed for dicentrics, rings, and
deletions.

Levels of unscheduled DNA synthesis in peri-
pheral blood lymphocytes from the same three
patients were assessed autoradiographically after
UV exposures of 0, 15, and 30 seconds from a
Hanovia low pressure mercury vapour lamp.
(Unfortunately, total doses delivered cannot be

given, as at the time of conducting the experiments a
record was not kept of the dose rate for the UV lamp.)
Exposure of lymphocytes to UV was carried out in
phosphate buffered saline (PBS), the cell suspension
forming a 3 to 4 mm deep layer in the bottom of a
glass petri dish; in order to obtain a uniform
exposure, this was continuously stirred with a
magnetic stirrer during irradiation. Immediately
after irradiation, cells were transferred to 10 ml
plastic tubes and 3 ml aliquots ofmedium were added.
For the autoradiography, 10 ,Ci/ml 3H thymidine
(specific activity 17 to 25 Ci/mmol) was added to the
medium and the cells incubated for 2 to 3 hours at
370C. The medium was then spun off and the cells
washed twice in PBS, fixed in acetic alcohol (3:1),
and air-dried onto slides. The slides were stained
with carbol fuchsin before filming with Ilford L4
emulsion. The filmed slides were then left to expose
in the dark at 40C for two weeks and developed in
Kodak D19B developer for five minutes. Grain count
scores were counted independently by two observers,
each of whom scored 50 lymphocytes from each
patient. Further blood samples could not be obtained
from case 3 or 4, but skin fibroblasts were cultured
from these two patients along with fibroblasts from
a fertile control male (chiasma count not known), a
control female, and a 7-year-old girl with severe
manifestations of xeroderma pigmentosum. In the
latter case, reduced levels of unscheduled DNA
synthesis are expected since such subjects exhibit
a greatly reduced capacity for repairing UV-induced
DNA lesions (Cleaver, 1968, 1969). Levels of
unscheduled DNA synthesis after UV doses of 0, 30,
90, 300, 900, and 3000 ergs/cm2 were assessed in
autoradiographic preparations, which were pre-
pared in a manner similar to that described above
for lymphocytes. All slides were coded and ran-
domised before scoring and grain counts over 100
cells were scored at each dose level for each subject
by two independent observers. The numbers of
heavily labelled S-phase cells in the cultures were also
recorded, and the percentage of cells showing
unscheduled DNA synthesis was noted in addition
to the grain counts per cell. Attempts were made to
grow up cells from the fibroblast cultures of cases 3
and 4 in order to test for postreplication repair
after UV irradiation and y-ray survival, but
plating efficiency was so poor that these studies had
to be abandoned temporarily (C. Arlett, personal
communication). Further attempts are, however,
contemplated.

Results

The levels of aberration induction in blood lympho-
cytes after x-rays in case 2 and the two controls are
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given in Table 2. No significant differences were
found from controls. Levels of UV stimulated
unscheduled synthesis in these three patients are
given in Table 3. There was no significant difference
between the case and the controls.
The results of the unscheduled synthesis experi-

ments on fibroblasts from cases 3 and 4 and controls
are shown in Fig. 4. Again, no significant differences
were detected between cases and controls. Only in
the case of the girl with xeroderma pigmentosum
were low levels of incorporation of 3H thymidine
found and this was expected for this particular
condition.

Table 2 Percentages of aberrant metaphases seen in
X-irradiated peripheral blood lymphocytes from case 2

and 2 control males with normal chiasma frequencies.
(100 lymphocytes analysed at each dose for each subject)

X-ray dose (rads)

0 75 150 300

Control 1 0 6 26 69
Control 2 1 10 -* 48
Case 2 (ST 322) 1 8 26 61

*Culture failed.

Table 3 Mean grain count per lymphocyte after UV
irradiation and 3H thymidine incorporation for case 2
and controls. (100 lymphocytes analysed at each dose
for each subject)

UV exposure time (sec)

0 15 30

Control I 1.1 37.6 38.7
Control 2 2.8 30-8 38-3
Case 2 (ST 322) 1.7 38-7 32-2

Fig. 4 Mean grain count per cell for
? Control cases 3, 4, and controls after UV
oControt irradiation and 3H thymidine
Low Xma incorporation.
Non X ma
xP

3000

Discussion

Our negative findings concerning somatic cell
sensitivity to irradiation in these particular oligo-
chiasmatic men did not enable us to gain further
insight into the possible cause of the meiotic irregu-
larities. It would seem, however, that unlike in the
case studied by Pearson et al. (1970), the factor or
factors responsible for impaired chiasma formation
at meiosis are not involved in maintaining chromo-
somal stability at mitosis. This could also be said of
at least five other cases of this kind which have been
studied (Adams, 1970; Clarkson, 1972; Ferguson-
Smith, 1976; Lehmann et al., 1977). It may, of course,
be argued that only those subjects showing severe
reductions in chiasma frequency at meiosis would
be likely also to show mitotic effects. Certainly,
in three cases tested for unscheduled synthesis by
Clarkson (1972) and in two of our own cases (cases 2
and 3), chiasma frequencies were reduced by only a
half or less. However, there still remains our case 4
and the case reported by Ferguson-Smith (1976),
both of whom showed a virtually achiasmatic
picture at meiosis, but no effects, either spontaneous
or radiation-induced, in their somatic chromosomes.
The answer in these cases may lie, however, not in

a failure to repair DNA, but in a defect of some other
process operating specifically at meiosis along the
synapsis/recombination pathway, which has no
function in somatic cells. Possible candidates for this
role might be zygotene DNA synthesis, or the r-
protein/lipoprotein complex, both of which, under
normal conditions, ensure orderly synapsis of
homologues at meiosis (Stern and Hotta, 1977).
Neither appears to function in somatic cells (Hotta
and Stem, 1971; Stem and Hotta, 1971, 1977), but
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inhibition of either can result in asynapsis at meiosis
(Roth and Ito, 1967; Hotta and Shephard, 1973). A
third possibility is the formation or functioning of
the enzymes necessary for breakage and repair of
DNA to effect meiotic recombination (Howell and
Stern, 1971). Failure of nicking or ligation of DNA
strands at pachytene could result in the formation of
achiasmatic bivalents at meiosis, but since these
enzymes appear to function specifically during
zygotene and pachytene (Howell and Stern, 1971),
their malfunctioning would be expected to produce
little or no effect on the somatic elements.

Firially, one interesting corollary to these investi-
gations is provided by a study of meiosis in a man
with severe manifestations of the skin condition
xeroderma pigmentosum (Hulten et al., 1974b). In
the particular case investigated, repair replication
after UV light, as measured by levels of unscheduled
DNA synthesis in cultured fibroblasts, was greatly
reduced compared with normal controls. Meiosis,
however, was normal and there was no evidence of
defective pairing or impaired chiasma formation in
the spermatocytes. This, therefore, provides another
situation in which the metabolic pathways operating
to repair UV-damaged DNA in somatic cells and
those operating at meiosis to ensure normal chiasma
formation were independent of each other.

Meiotic studies in other men showing repair
defects or chromosomal instabilities in their somatic
cells might help to give us clearer insight into the
possible operation of common mitotic and meiotic
metabolic pathways in man. Further radiation
response studies in oligochiasmatic men would also
undoubtedly be informative. Such men are rare in
the population, however, and opportunities for this
kind of study are therefore extremely limited. It does
seem likely, however, as previous authors have
suggested (Hulten et al., 1974a; Templado et al.,
1976), that the 'low chiasma count' condition in
sterile men is of mixed aetiology.
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