
Journal of Medical Genetics, 1981, 18, 374-376
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SUMMARY 5-fluoro-2'-deoxyuridine (FUdR) was found to be highly effective in inducing the herit-
able fragile site on Xq28 associated with mental retardation. Lymphocytes from two affected males
manifested the fragile site in 30 to 40% of the mitoses when grown in the presence of FUdR.

This observation suggests that depletion of the dTMP pool via thymidylate synthetase inhibition
is responsible for the expression of the heritable fragile site on Xq28.

The expression of the fragile site on the X chromo-
some (Xq27 or 28, hereafter called Xq28),1 associ-
ated with one type ofX linked mental retardation,2-14
has been shown to be highly dependent on the cul-
turing conditions.15 16 Apart from a slightly alkaline
pH optimum and a low serum content (5 %Y), the
main factor necessary for the expression of the
fragile site on theX is the culture medium's deficiency
of folic acid and thymidine. The fragile site is ex-
pressed in medium 199 which is relatively deficient in
folic acid (O 1 mg/i), whereas in McCoy's medium,
which is rich in folic acid (10 mg/i), no fragile site
can be seen. Also, the folic acid antagonist metho-
trexate (MTX) enhances the expression.
The nature of the above mentioned inducers and

inhibitors suggests that the process of expression
could be operating during DNA synthesis, as dis-
cussed by Sutherland,16 the critical step being the
conversion of uridine monophosphate (dUMP) to
thymidine monophosphate (dTMP) catalysed by the
enzyme thymidylate synthetase. This reaction
requires as co-enzyme the folic acid derivative 5,10-
methylene tetrahydrofolate (CH2 = FAH4) which is
converted to dihydrofolate (FAH2) (fig 1).

Accordingly the known inducers of the fragile
site, folic acid deficiency and MTX, will limit the
amount of CH2 = FAH4, thereby limiting the pool
of dTMP required for DNA synthesis, whereas the
known inhibitors, folic acid and thymidine, will
increase the pool of dTMP available for incorpora-
tion into DNA.
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FIG 1 Schematic representation of the reaction
catalysed by thymidylate synthetase. MTX is a
competitive inhibitor of dihydrofolate reductase, thereby
limiting the pool of CH2 = FAH4. See text for further
explanation.

In preliminary experiments we have tested whether
5-fluoro-2'-deoxyuridine (FUdR) could mimic the
effect of folic acid deficiency on the expression of the
fragile site on the X chromosome. The rationale is
that FUdR in mammalian cells is converted to
fluoro-deoxyuridine monophosphate (dFUMP),
which is a strong and specific inhibitor of thy-
midylate synthetase (fig 1).17 18
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S-fluoro-2'-deoxyuridine induction of the fragile site on Xq28

TABLE Percentage of cells showing the fragile site on
Xq28 (positive cells) when cultured in medium 199 and
McCoy's SA medium. (FUdR: 0 4 j±mol/l
throughout the culturing period.)
Case Medium Culture No ofcells % positive
No time examined cells

(days)

495-80 199 3 60 44
199 4 60 27
199 + FUdR 4 50 44
McCoy's + FUdR 4 50 30

532-80 199 3 60 45
199 4 60 44
199 + FUdR 4 50 34
McCoy's + FUdR 4 100 43
McCoy's 3 100 0

FIG 2 The X and Y chromosome from case No
495-80, Q banding (top) and Giemsa staining.
Left: from a metaphase cultured in Hepes buffered
medium 199 (pH 7-6) + 5% FCS. Right: from a
metaphase cultured in McCoy's SA medium + 20%
serum + 0-4 gimolll FUdR. Arrows show the fragile
site on Xq28.

Materials and methods

Lymphocytes from two unrelated mentally retarded
males, who had been found to have the fragile site on
the X chromosome in a previous investigation
(unpublished results), were grown for 3 or 4 days as
full blood cultures in the following media:

(1) Hepes buffered medium 199 (Gibco) supple-
mented with 5% inactivated fetal calf serum
(FCS) (Gibco), pH 7T6 to 7@7.16

(2) Bicarbonate buffered McCoy's 5A medium
supplemented with 20% pooled human serum
(pH not measured).

FUdR (Sigma) was added to a final concentration of
0 4 lrmol/l when the cultures were started. The cells
were grown in the presence of FUdR throughout the
culturing period. Colcemid was added for the last
14 hours. Hypotonic treatment, fixation, and slide
preparation was by routine chromosomal methods.
Slides were stained with quinacrine mustard and
randomly chosen metaphases from each culture were
examined by fluorescence microscope (Leitz Ortho-
plan). A metaphase was scored as positive when a
fragile site at Xq28 could be identified (fig 2).

Results

The results are summarised in the table.
When the lymphocytes were grown in medium

199 + 5% FCS, the addition of FUdR did not sig-
nificantly alter the percentage of positive mitoses.
In both subjects we found 30 to 40% positive cells.
We have never observed the fragile site on Xq28

in lymphocytes grown in McCoy's medium + 20%

serum. A striking contrast to this was seen when
FUdR was added. Then the percentage of positive
cells in both subjects were in the same range as in the
cultures grown in medium 199.
We found no morphological differences between

the appearance of the fragile sites induced by either
folic acid deficiency or FUdR (fig 2). Apart from the
fragile site on the X chromosome, other non-
randomly situated gaps and breaks were frequently
observed in the FUdR treated cultures. This was
also the case when cells were cultured in folic acid
deficient medium (unpublished results).

Discussion

It is interesting to note that in the folic acid deficient
medium 199 the addition of FUdR did not increase
the frequency of cells expressing the fragile site,
whereas in the folic acid rich medium (McCoy's)
the effect of FUdR was evident. One possible ex-
planation for this is that in the presence of CH2 =
FAH4 a marked enhancement of the binding of
dFUMP to thymidylate synthetase occurs.18 In
practical terms this could mean that in order to get
the optimal inhibiting activity of FUdR the medium
should be rich in folic acid. This could simplify the
detection of fragile sites considerably, since most
chromosomal culturing media have a higher folic
acid content than medium 199.

In this preliminary observation we have not de-
fined the optimal concentration or culturing con-
ditions for the FUdR induced fragile site on Xq28.
It may well be that the optimal condition varies
between subjects and between different cell types,
in view of the great variability in the expression of
this fragile site reported by all investigators. In par-
ticular, severe difficulties are associated with the
detection of the fragile site in female carriers (for a
review see Sutherland19) and in fibroblasts.20 Only
by combining folic acid deficient culturing condi-
tions with special in situ hypotonic and fixation
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techniques has the fragile site on Xq28 been shown
to exist in chromosomes derived from fibroblasts.21
We are at present investigating whether FUdR in

appropriate concentrations will provide a simple and
reliable tool for the detection of the fragile site on
Xq28 in affected males, in carrier females, and in
fibroblasts and amniotic fluid cells. Also, the other
known heritable fragile sites dependent on the folic
acid concentration in the tissue culture medium
might be inducible with FUdR. We have not been
able to investigate this for those heritable fragile
sites dependent on folic acid concentration classified
by Sutherland,16 but we have found that the heritable
fragile site on 12ql3 (which was not included in
Sutherland's work) is expressed in folic acid deficient
medium and by FUdR.22
The expression of the fragile site on Xq28 by

FUdR alone strongly suggests that the culturing
conditions for increasing the frequency hitherto used
operates via the same mechanism: depletion of the
dTMP pool via thymidylate synthetase inhibition
leading to impaired DNA synthesis

This study was supported by grants from the Danish
Medical Research Council.

References

Paris Conference. Standardization in human cytogenetics.
Birth Defects 1972 ;VIII:No 7.

2 Lubs HA. A marker chromosome. Am JHum Genet 1969;
21:231-43.

3 Giraud F, Ayme S, Mattei JF, Mattei MG. Constitu-
tional chromosomal breakage. Hum Genet 1976 ;34 :125-
36.

4 Harvey J, Judge C, Wiener S. Familial X-linked mental
retardation with an X chromosome abnormality. J Med
Genet 1977;14:46-50.

5 Sutherland GR. Marker X chromosomes and mental
retardation. N Engl J Med 1977;296:1415.

6 Turner G, Gill R, Daniel A. Marker X chromosomes,
mental retardation and macro-orchidism. N Engl J Med
1978 ;299:1472.

7 Sutherland GR. Carrier detection in X-linked mental
retardation. Med J Aust 1978 ;2:624.

8 Turner G, Gill R, DanielA. Letter. MedJAust 1978:2:624.
9Sutherland GR, Ashforth PLC. X-linked mental retarda-
ation with macro-orchidism and the fragile site at Xq27
or 28. Hum Genet 1979;48:117-20.

10 Jacobs PA, Mayer M, Rudak E, et al. More on marker X
chromosomes, mental retardation and macro-orchidism.
N Engl J Med 1979;300:737-8.

" Howard-Peebles PN, Stoddard GR, Mims MG. Familial
X-linked mental retardation, verbal disability and
marker X chromosomes. Am J Hum Genet 1979;31 :214-
22.

12 Howard-Peebles PN, Stoddard GR. X-linked mental
retardation with macro-orchidism and marker X chromo-
somes. Hum Genet 1979;50:247-51.

13 Turleau C, Czernichow P, Gorin R, Royer P, de Grouchy
J. Debilite mentale liWe au sexe, visage particulier,
macro-orchidie et zone de fragilite de l'X. Ann Genet
(Paris) 1979;22:205-9.

14 Gustavson KH, Holmgren G, BlomquistHK, etal. Familial
X-linked mental retardation and marker X-chromosomes
in two Swedish families. Clin Genet (in press).

15 Sutherland GR. Fragile sites on human chromosomes:
demonstration of their dependence on the type of tissue
culture medium. Science 1977;197:265-6.

16 Sutherland GR. Heritable fragile sites on human chro-
mosomes. I. Factors affecting expression in lymphocyte
culture. Am J Hum Genet 1979;31:125-35.

17 Cohen SS, Flaks JG, Barner HD, Loeb MR, Lichenstein J.
The mode of action of 5-fluorouracil and its derivatives.
Proc Natl Acad Sci USA 1958;44:1004-12.

18 Reyes P, Heidelberger C. Fluorinated pyrimidines XXVI.
Mammalian thymidylate synthetase: its mechanism of
action and inhibition by fluorinated nucleotides. Molec
Pharmacol 1975;1:14-30.

19 Sutherland GR. Heritable fragile sites on human chromo-
somes. Hum Genet 1979;53:23-7.

20 Sutherland GR. Heritable fragile sites on human chro-
mosomes. II. Distribution, phenotypic effects and
cytogenetics. Am J Hum Genet 1979;31:136-48.

21 Jacky PB, Dill FJ. Expression in fibroblast culture of the
satellited X chromosome associated with familial sex-
linked mental retardation. Hum Genet 1980;53:267-9.

22 Tommerup N, Poulsen H, Br0ndum-Nielsen K. Heritable
fragile site on chromosome 12 (12ql3): induction by
5-fluoro-2'-deoxyuridine. In preparation.

Requests for reprints to Dr N Tommerup, Depart-
ment of Medical Genetics, The John F Kennedy
Institute, 7 GI Landevej, DK-2600 Glostrup,
Denmark.

376

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jm

g.bm
j.com

/
J M

ed G
enet: first published as 10.1136/jm

g.18.5.374 on 1 O
ctober 1981. D

ow
nloaded from

 

http://jmg.bmj.com/

