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The Duarte (N314D) variant in the GALT gene has no
effect on in vitro fertilization outcome

We assessed the effect of the Duarte (N314D) variant in the GALT gene on in vitro fertilization outcome
measures. Our data do not definitely exclude variants in the GALT gene as factors influencing outcome, but
the lack of suggestive evidence makes it difficult to justify a larger, more definitive study. (Fertil Steril� 2006;

85:502–4. ©2006 by American Society for Reproductive Medicine.)
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redicting poor response to gonadotrophin stimulation in in
itro fertilization (IVF) is an important aim. Protocols
ould be more individualized and the mechanisms respon-
ible for poor response might be better understood were it
ossible to identify poor responders before treatment. Nu-
erous parameters have been studied, although in a meta-

nalysis only the basal FSH level emerged as a predictor of
oor outcome (1). More recently, interest has focused on a
harmacogenetic approach as variants in genes involved in
varian steroidogenesis may influence the response to go-
adotrophin stimulation. Thus, there is some evidence to
uggest that the PvuII polymorphism in the estrogen recep-
or � (ER�) gene may be a marker for a reduced mean ratio
f follicles to oocytes harvested (2) as well as the number
f follicles, oocytes and embryos obtained, and pregnancy
ates (3). There are also reports that functional variants in
he FSH receptor gene may influence the gonadotrophin
oses required in ovarian stimulation (4, 5).

We speculated that functional mutations in the galactose-
-phosphate uridyltransferase (GALT) gene might affect ovar-
an responsiveness. Galactose-1-phosphate uridyltransferase
s an enzyme that catalyzes the conversion of galactose-1-
hosphate to glucose-1-phosphate via transfer of uridine
onophosphate. Some mutations in the GALT gene switch

ff enzyme activity causing classical galactosemia which is
ssociated with premature ovarian failure (POF) (6), prob-
bly because the biological activity of FSH is dependent on
ts glycosylation pattern (7). Other mutations reduce GALT
ctivity, without causing galactosemia. One example, an
-to-G substitution in exon 10 at amino acid 314 (N314D),

educes enzyme activity to 40%–50% in some patients
Duarte variant); it is associated with raised FSH levels
n pre-menopausal women (8). In others, carrying an
314D mutation with a C-to-T substitution in exon 7 has
o effect on, or may increase, enzyme activity by 110%–
30% (Los Angeles variant).

eceived March 9, 2005; revised and accepted July 18, 2005.
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To test the effect of these GALT variants on IVF out-
ome, we studied a group of 152 patients undergoing IVF
reatment who were genotyped for the Duarte and Los
ngeles variants, as well as the much rarer Q188R muta-

ion, which is the most common cause of galactosemia.
ver a 3-month period, blood samples from 152 consecu-

ive Caucasian women undergoing IVF were obtained with
nformed consent for DNA studies. IRB approval, from our
ocal ethics committee, allowed the use of these ano-
ymised, linked DNA samples to investigate genetic fac-
ors involved in infertility. The standard IVF treatment
rotocol used in Oxford has been described previously by
ockwood et al (9).

In brief, all patients had a long protocol cycle with luteal
hase start using the GnRH agonist, nafarelin (Synarel;
earle, High Wycombe, UK; 400 �g intranasal twice a
ay) followed by stimulation with recombinant FSH. The
ose in the initial treatment cycle was determined on an
ndividual basis according to age, body mass index, and
ollicular phase FSH level. Upon ultrasonographic
Toshiba, Crawley, UK) detection of at least three follicles,
18 mm in diameter, 10,000 IU of human chorionic go-

adotrophin (hCG) (Profasi; Serono, Feltham, UK) was
dministered. Oocyte retrieval (OR) was performed trans-
aginally using intravenous propofol, midazolam, and fen-
anyl for sedation and analgesia. The practice in the unit is
o aspirate all follicles �12 mm diameter. Embryo transfer
ET) was performed approximately 48 hours after the oo-
yte retrieval.

Genomic DNA was extracted from 9 mL of EDTA
nticoagulated whole blood using the QIAmp DNA extrac-
ion kit (Qiagen).A 311-bp fragment of exon 10 of the
ALT gene was amplified by polymerase chain reaction

PCR). It was then subjected to restriction enzyme analysis
ith Ava II (Boehringer Mannheim, Bracknell, UK) with
isualization on a NuSieve® 3:1 agarose gel (FMC, Rock-
and, ME). The region of exon 10 amplified contains one
va II restriction site normally and two restriction sites if

he polymorphism is present, thereby providing an internal
ontrol of enzyme digestion. The outcome measures in the
ases and controls were compared using t-tests and the

hi-square test as appropriate.

0015-0282/06/$32.00
Published by Elsevier Inc. doi:10.1016/j.fertnstert.2005.07.1307
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Among the 152 women recruited, 27 (17.8%) carried at
east one allele with the N314D mutation and one woman
as heterozygous for the Q188R mutation. These data are

onsistent with previously reported findings in U.K. popu-
ation controls (10). Of the 27 women with the N314D
utation, 20 had the Duarte variant and 7 the Los Angeles

ariant; the only woman who was homozygous for the
314D mutation had the Duarte variant. For the purposes
f comparison, the cases consisted of the 21 women with
enotypes associated with reduced GALT activity (Duarte
ariant � 20; Q188R � 1); the 124 women with the wild
ype genotype acted as controls. The results for the women
ith the Los Angeles variant, which is associated with

ncreased GALT activity, are reported but without statistical
nalysis because of the small numbers.

All the patients had at least one IVF treatment cycle. At
he time of the first cycle, no significant differences were
ound in age (34.7 � 3.7 vs. 34.0 � 4.5 years; means �
D) or day 1 FSH levels (6.7 � 2.0 vs. 7.3 � 2.3 IU/L)
etween the cases and controls (Table 1). The primary
ndications for IVF in the three groups were endometriosis
4.8%, 6.5%, and 14.3%); male factor infertility (42.8%,
4.2%, and 42.9%); polycystic ovarian syndrome (4.8%,
.2%, and 14.3%); tubal disease (28.5%, 17.7%, and
4.3%); and unexplained/other causes (19.1%, 48.4%, and
4.3%). Table 1 also lists the outcome data consisting of
he number of follicles identified on the day of oocyte
etrieval; the number of oocytes obtained; the fertilization
ates; the percentage of Grade A embryos; and the clinical
regnancy rates (defined as seeing a fetal heart beat on
ltrasound) among the cases, controls, and women with the
os Angeles variant. No significant differences were found
etween the 21 cases and 124 controls, even though the

ABLE 1
Baseline characteristics and IVF outcome data, i
the GALT N314D Duarte variant, 7 women with th
wildtype genotype.

Duarte variant
(n � 21)
(range)

Age (y) 34.7 � 3.7 (29.8–41.5
Day 1 FSH 6.7 � 2.0 (2.5–10.0)
No. of follicles 15.9 � 8.1 (2–40)
No. of oocytes 10.4 � 5.1 (2–21)
Fertilization rate (%) 51.0 (0–92)
Grade A embryos (%) 19.8 (0–100)
Clinical pregnancy rate

(fetal heart on scan) (%)
33.3

Note: Values are mean � SD.
Yoshida. GALT N314D mutation in IVF. Fertil Steril 2005.

rtility and Sterility�
ertilization rate was higher in the controls and the clinical
regnancy rate was lower in the cases.

Ten (48%) of the women with the Duarte variant, 4 of
he women with the Los Angeles variant (57%), and 63
51%) women with the wild type genotype had at least one
ther treatment cycle. For completeness, we report the
utcome data in the second cycle, but without statistical
nalysis because the numbers of women are too small. The
umber of follicles and oocytes obtained in the three
roups were 18.2 � 10.0 vs. 14.5 � 10.7 vs. 13.7 � 8.5,
nd 10.0 � 6.1 vs. 11.0 � 6.3 vs. 9.0 � 4.4, respectively.
he fertilization rates, percentage of grade A embryos, and
linical pregnancy rates in the three groups were 48.9%,
3.0%, and 20.0%; 71%, 0%, and 0%; and 63.7%, 15.0%,
nd 22.2%, respectively. Thus, the outcome data in the
econd treatment cycle were also similar.

Clinicians and patients alike are searching for better
ays of predicting IVF outcomes to improve ovarian stim-
lation regimens and to facilitate informed decision making
bout treatment choices. Current methods are unsatisfac-
ory: The best predictor of outcome identified to date ap-
ears to be the antral follicle count (11). Some groups have
nvestigated genetic variants in hormone receptors involved
n the hypothalamic-pituitary-ovarian axis (2, 4, 5). These
ommon variants are unlikely to have markedly adverse
ffects but alone, or in combination, they may influence
eproductive processes albeit perhaps in a subtle way. It
ppeared reasonable, therefore, to contribute to the emerg-
ng area of pharmacogenetic research by investigating the
ffect of variants in the GALT gene on IVF outcomes.

The rationale was that galactosemia is associated with
OF (6), and the functional variants studied (Duarte variant
nd Q188R mutation) cause reduced GALT activity that

e first treatment cycle, for 21 women with
os Angeles variant, and 124 women with the

Wild-type
(n � 124)
(range)

Los Angeles variant
(n � 7)
(range)

34.0 � 4.5 (21.6–44.2) 36.5 � 2.4 (33.3–40.1)
7.3 � 2.3 (3.3–15.8) 7.4 � 1.9 (5.0–9.1)

14.2 � 8.0 (1–49) 11.1 � 4.7 (2–16)
9.9 � 5.6 (0–26) 8.0 � 3.4 (2–11)

67.3 (0–100) 59.5 (36.4–100)
18.7 (0–100) 25 (0–100)

24.2 28.6
T
n th
e L

)

503
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lters the biological activity of FSH. Thus, they have been
ssociated with both altered ovarian function (8) and sub-
ertility (12). Given that the prevalence of the Duarte
ariant in the U.K. population is approximately 17% and
he Q188R mutation is rare (�1%), it would be expensive
nd time-consuming to genotype large numbers of women
n a definitive study. We chose instead, in what was essen-
ially a pilot study, to recruit and genotype a sample of 150
atients, which resulted in an expected number of women
arrying the Q188R mutation (n � 1) and at least one
314D allele (n � 27). Of these 27 women, 20 (74.1%)
ad the Duarte variant. With these study numbers, we had
pproximately 80% power at the .05 significance level to
etect a 30% difference in the number of oocytes/follicles
btained between the two groups, which we had arbitrarily
efined as a clinically significant difference.

Despite the small numbers, the two groups were com-
arable in terms of their baseline characteristics (e.g., age
nd day 2 FSH levels). However, we detected no significant
ifferences between the women carrying at least one
314D or Q188R allele and the wild type controls in terms
f the IVF outcomes measured: numbers of follicles and
ocytes obtained; fertilization rates and percentage of
rade A embryos; and clinical pregnancy rates. The Los
ngeles variant similarly appeared to have no influence on
utcome, although the numbers were small. These data do
ot definitely exclude variants in the GALT gene associated
ith reduced enzyme activity as factors influencing IVF
utcome, but the lack of suggestive evidence makes it
ifficult to justify a larger-scale study. Nevertheless, the
tudy highlights the potential significance of identifying
unctional polymorphisms in genes that might influence
erformance at IVF—an area of research that could pro-
oundly affect how IVF is conducted in the future.

Shigeki Yoshida, M.D.a,b

Jo Steele, B.Sc.a

John Koninckx, M.D.a

Enda McVeigh, M.R.C.O.G.a

Stephen Kennedy, M.R.C.O.G.a

a Nuffield Department of Obstetrics and Gynaecology,

04 Yoshida et al. Correspondence
University of Oxford, Oxford, United Kingdom; and
b Department of Obstetrics and Gynecology, Kobe
University Medical School, Kobe, Japan

EFERENCES
1. Bancsi LF, Broekmans FJ, Mol BW, Habbema JD, te-Velde ER.

Performance of basal follicle-stimulating hormone in the prediction of
poor ovarian response and failure to become pregnant after in vitro
fertilization: a meta-analysis. Fertil Steril 2003;79:1091–100.

2. Georgiou I, Konstantelli M, Syrrou M, Messinis IE, Lolis DE. Oes-
trogen receptor gene polymorphisms and ovarian stimulation for
in-vitro fertilization. Hum Reprod 1997;12:1430–3.

3. Sundarrajan C, Liao W, Roy AC, Ng SC. Association of oestrogen
receptor gene polymorphisms with outcome of ovarian stimulation in
patients undergoing IVF. Mol Hum Reprod 1999;5:797–802.

4. Perez Mayorga M, Gromoll J, Behre HM, Gassner C, Nieschlag E,
Simoni M. Ovarian response to follicle-stimulating hormone (FSH)
stimulation depends on the FSH receptor genotype. J Clin Endocrinol
Metab 2000;85:3365–9.

5. Sudo S, Kudo M, Wada S, Sato O, Hsueh AJ, Fujimoto S. Genetic
and functional analyses of polymorphisms in the human FSH receptor
gene. Mol Hum Reprod 2002;8:893–9.

6. Guerrero NV, Singh RH, Manatunga A, Berry GT, Steiner RD, Elsas
LJ. Risk factors for premature ovarian failure in females with galac-
tosemia. J Pediatr 2000;137:833–41.

7. Daude N, Lestage J, Reichardt JK, Petry KG. Expression of galactose-
1-phosphate uridyltransferase in the anterior pituitary of rat during the
estrous cycle. Neuroendocrinology 1996;64:42–8.

8. Cramer DW, Barbieri RL, Xu H, Reichardt JK. Determinants of basal
follicle-stimulating hormone levels in premenopausal women. J Clin
Endocrinol Metab 1994;79:1105–9.

9. Lockwood GM, Pinkerton SM, Barlow DH. A prospective random-
ized single-blind comparative trial of nafarelin acetate with buserelin
in long-protcol gonadotrophin-releasing hormone analogue controlled
in-vitro fertilization cycles. Hum Reprod 1995;10(2):293–8.

0. Morland SJ, Jiang X, Hitchcock A, Thomas EJ. Campbell IG, Mu-
tation of galactose-1-phosphate uridyl transferase and its association
with ovarian cancer and endometriosis. Int J Cancer 1998;77:825–7.

1. Bancsi LF, Broekmans FJ, Eijkemans MJ, de Jong FH, Habbema JD,
te-Velde ER. Predictors of poor ovarian response in in vitro fertili-
zation: a prospective study comparing basal markers of ovarian re-
serve. Fertil Steril 2002;77:328–36.

2. Hadfield RM, Manek S, Nakago S, Mukherjee S, Weeks DE, Mardon
HJ, Barlow DH, Kennedy SH. Absence of a relationship between endo-
metriosis and the N314D polymorphism of galactose-1-phosphate uridyl

transferase in a UK population. Mol Hum Reprod 1999;5:990–3.

Vol. 85, No. 2, February 2006


	The Duarte (N314D) variant in the GALT gene has no effect on in vitro fertilization outcome
	REFERENCES


