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Fragile sites on chromosomes are locations prone to breakage. An example is the Xq27.3 

fragile site, which is observed in cells grown in folate-deficient culture medium and 

associated with one form of X-linked mental retardation (Sutherland 1979; Chudley and 

Hagerman 1987). Folate-deficient culture conditions have been shown to increase 

chromosome breakage compared with folate-replete culture conditions (Zhou et al. 1982; 

Steinbach et al. 1982), although increased chromosomal instability apparently was not found 

in cells of patients with fragile X syndrome compared with cells from control subjects 

(Vekemans et al. 1983; Branda et al. 1984; Butler et al. 1988). Cells grown in 

fluorodeoxyuridine (FUdR), an inhibitor of thimidylate synthetase, also show increased 

chromosome breakage (Sutherland and Hecht 1985). A decline with age in fragile X 

chromosome expression has been reported (Chudley et al. 1983) but not confirmed by others 

(Jacobs et al. 1980; Turner and Jacobs 1983). Additionally, a negative correlation was 

suggested between the expression of chromosome fragile sites and age in control individuals 

without the fragile X syndrome (Murata et al. 1988). Hence, I report our experience with 

chromosome breakage in cells grown for 96 h in folate-deficient medium 199 from 105 

individuals and in cells grown in RPMI medium and FUdR (10−7 M) from 54 of these 

individuals to specifically address whether chromosome fragile site expression decreases 

with age or if generalized chromosome instability exists in mentally retarded individuals 

with or without the fragile X syndrome.

We analyzed 7690 lymphocytes (grown in medium 199) from 24 fragile X syndrome 

individuals (average age of 20.9 years with a range of 2 to 75.6 years), 44 mentally retarded 

individuals without the fragile X syndrome or other causes of mental retardation (average 

age of 30.5 years with a range of 7.8 to 74.7 years), and 37 control individuals with normal 

intelligence (average age of 31.9 years with a range of 0.1 to 71 years). For the 1993 

lymphocytes analyzed from the 24 fragile X syndrome individuals, the average fragile X 

chromosome (Xq27.3) expression was 15.3% while the average percentage of cells with 

chromosome lesions (e.g., breaks, gaps) other than the Xq27.3 was 6.9%. The 2329 

lymphocytes analyzed from the 44 mentally retarded individuals without the fragile X 

syndrome showed an average 5.4% of cells with chromosome lesions. The 3368 

lymphocytes analyzed from the 37 control individuals with normal intelligence gave an 

average 6.8% cells with chromosome lesions. Although the number of individuals studied 

with FUdR was smaller than with medium 199 for both the fragile X syndrome and normal 

control groups but comparable to the figure for the mentally retarded individuals without the 

HHS Public Access
Author manuscript
Hum Genet. Author manuscript; available in PMC 2017 May 25.

Published in final edited form as:
Hum Genet. 1990 January ; 84(2): 216–217.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



fragile X syndrome, the average percentage of non-Xq27 chromosome lesions was increased 

in the FUdR-treated cells compared with medium 199. Table 1 shows the chromosome 

breakage data from cells grown in medium 199 and cells grown in RPMI medium with 

FUdR.

No significant difference in the average number of chromosome lesions from cells grown in 

medium 199 was found between fragile X syndrome and mentally retarded individuals 

without the fragile X syndrome (independent t test = 0.66; P = 0.52) or between fragile X 

syndrome and control individuals with normal intelligence (independent t test = 0.04; P = 

0.97). Furthermore, no significant difference in the average number of chromosome lesions 

was found between mentally retarded individuals without fragile X syndrome and control 

individuals (independent t test = 1.32; P = 0.19). Therefore, comparison of our chromosome 

breakage data among the three groups did not support increased chromosome instability in 

fragile X syndrome or other mentally retarded individuals.

In cells grown in medium 199 for the fragile X syndrome individuals, a correlation (r) of 

−0.002 (P = 0.99) was found for the fragile X chromosome (Xq27.3) expression and age 

while a negative correlation (r = −0.12; P = 0.56) of chromosome breakage (excluding the 

Xq27.3 site) and age was found but neither correlation was significant. For the mentally 

retarded individuals without the fragile X syndrome, the correlation between chromosome 

breakage and age was not significant (r = −0.07; P = 0.63). For the control individuals with 

normal intelligence, the correlation between chromosome breakage and age was also not 

significant (r = −0.26; P = 0.13). Similarly, no significant correlations were found between 

percentage of cells with chromosome lesions (Xq27 or non-Xq27) and age for any of the 

three groups of individuals studied with FUdR.

In summary, our chromosome breakage data confirm the absence of increased chromosome 

instability in cells from mentally retarded individuals with or without the fragile X syndrome 

and the absence of a significant correlation with the expression of Xq27.3 fragile site or 

other chromosome lesions and age in cells grown in either medium 199 or RPMI medium 

with FUdR from fragile X syndrome, mentally retarded, or normal control individuals. 

Significantly more chromosome lesions were seen in cells grown in RPMI medium with 

FUdR compared with medium 199 for the three groups of individuals in this study.

Acknowledgments

I thank G. Andy Allen and Judy Haynes for their expert technical assistance. This research was supported in part by 
a grant from the Tennessee Department of Mental Health and Mental Retardation.

References

Branda RF, Arthur DC, Woods WG, Danzl TJ, King RA. Folate metabolism and chromosomal stability 
in the fragile X syndrome. Am J Med. 1984; 77:602–611. [PubMed: 6486136] 

Butler MG, Joseph GM, Rames LJ, Cacheiro N, Lozzio CB. Chromosome breakage in control and 
fragile X subjects using folate-deficient culture conditions. Hum Genet. 1988; 78:383. [PubMed: 
3360450] 

Chudley AE, Hagerman RJ. Fragile X syndrome. J Pediatr. 1987; 110:821–831. [PubMed: 3295158] 

Butler Page 2

Hum Genet. Author manuscript; available in PMC 2017 May 25.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Chudley AE, Knoll J, Gerrard JW, Shepel L, McGahey E, Anderson J. Fragile(X) X-linked mental 
retardation. I. Relationship between age and intelligence and the frequency of expression of fragile 
(X)(q28). Am J Med Genet. 1983; 14:699–712. [PubMed: 6846402] 

Jacobs PA, Glover TW, Mayer M, Fox P, Gerrard JW, Dunn HG, Herbst DS. X-linked mental 
retardation: a study of 7 families. Am J Med Genet. 1980; 7:471–489. [PubMed: 7211957] 

Murata M, Takahashi E, Minamihisamatsu M, Ishihara T, Wong P, Bessho M, Hirashima K, Hori T. 
Heritable rare fragile sites in patients with leukemia and other hematologic disorders. Cancer Genet 
Cytogenet. 1988; 31:95–103. [PubMed: 3162195] 

Steinbach P, Barn G, Boller T. On the frequency of telomeric chromosomal changes induced by culture 
conditions suitable for fragile X expression. Hum Genet. 1982; 61:160–162. [PubMed: 7129442] 

Sutherland GR. Heritable fragile sites on human chromosomes. I. Factors affecting expression in 
lymphocyte culture. Am J Hum Genet. 1979; 31:125–135. [PubMed: 36752] 

Sutherland, GR., Hecht, F. Fragile sites on human chromosomes. Oxford University Press; New York: 
1985. 

Turner G, Jacobs PA. Marker (X) linked mental retardation. Adv Hum Genet. 1983; 13:83–112. 
[PubMed: 6362362] 

Vekemans M, Popovich B, Rosenblatt D, Monroe P. Chromosomal breakage in normal and fragile X 
subjects using low folate culture conditions. J Med Genet. 1983; 20:404–407. [PubMed: 6655666] 

Zhou X, Reidy JR, Chen ATL. Chromosome fragility in folic acid-deficient medium. Am J Hum 
Genet. 1982; 34:153A.

Butler Page 3

Hum Genet. Author manuscript; available in PMC 2017 May 25.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Butler Page 4

Ta
b

le
 1

C
hr

om
os

om
e 

br
ea

ka
ge

 d
at

a 
in

 m
en

ta
lly

 r
et

ar
de

d 
pa

tie
nt

s 
w

ith
 o

r 
w

ith
ou

t f
ra

gi
le

 X
 s

yn
dr

om
e 

an
d 

co
nt

ro
l i

nd
iv

id
ua

ls

G
ro

up
C

el
ls

 g
ro

w
n 

in
 m

ed
iu

m
 1

99
C

el
ls

 g
ro

w
n 

in
 R

P
M

I 
m

ed
iu

m
 w

it
h 

F
U

dR
 (

10
−7

 M
)

To
ta

l n
o.

 o
f 

ce
lls

 a
na

ly
ze

d
P

er
ce

nt
ag

e 
of

 c
el

ls
 w

it
h 

no
n-

X
q2

7 
ch

ro
m

os
om

e 
le

si
on

s 
av

er
ag

e 
± 

SD
 (

ra
ng

e)

P
er

ce
nt

ag
e 

of
 c

el
ls

 w
it

h 
X

q2
7 

ch
ro

m
os

om
e 

le
si

on
s 

av
er

ag
e 

± 
SD

 
(r

an
ge

)

To
ta

l n
o.

 o
f 

ce
lls

 
an

al
yz

ed
P

er
ce

nt
ag

e 
of

 c
el

ls
 w

it
h 

no
n-

X
q2

7 
ch

ro
m

os
om

e 
le

si
on

s 
av

er
ag

e 
± 

SD
 (

ra
ng

e)

P
er

ce
nt

ag
e 

of
 c

el
ls

 w
it

h 
X

q2
7 

ch
ro

m
os

om
e 

le
si

on
s 

av
er

ag
e 

± 
SD

 (
ra

ng
e)

M
en

ta
lly

 r
et

ar
de

d 
fr

ag
ile

 
X

 s
yn

dr
om

e 
pa

tie
nt

s 
(n

 =
 

24
)

19
93

6.
9 

±
 1

1.
0 

(0
–4

4)
15

.3
 ±

 1
2.

9 
(1

–4
6)

40
2a

13
.4

 ±
 1

0.
3b

 (
0–

36
)

27
.1

 ±
 1

9.
0a

 (
2–

60
)

M
en

ta
lly

 r
et

ar
de

d 
no

n-
fr

ag
ile

 X
 s

yn
dr

om
e 

pa
tie

nt
s 

(n
 =

 4
4)

23
29

5.
4 

±
 4

.3
 (

0–
20

)
10

90
c

22
.3

 ±
 1

0.
7c

 (
3–

44
)

C
on

tr
ol

 in
di

vi
du

al
s 

(n
 =

 
37

)
33

68
6.

8 
±

 5
.6

 (
0–

21
)

40
3b

10
.0

 ±
 3

.5
b  

(4
–1

4)

a B
as

ed
 o

n 
n 

=
 8

 s
ub

je
ct

s

b B
as

ed
 o

n 
n 

=
 6

 s
ub

je
ct

s

c B
as

ed
 o

n 
n 

=
 4

0 
su

bj
ec

ts

Hum Genet. Author manuscript; available in PMC 2017 May 25.


	References
	Table 1

