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Summary

 

Objective 

 

Leiomyoma and hyperprolactinaemia are both

progesterone-dependent diseases. Hormone-related genes, such

as the progesterone receptor (PGR), might be involved in their

pathogenesis.

 

Design and measurements 

 

Subjects were divided into three

groups: (i) leiomyoma (

 

n

 

 = 120); (ii) hyperprolactinaemia (

 

n

 

 = 101);

(iii) normal controls (

 

n

 

 = 140). We investigated the Alu (306-bp

DNA) insertion in intron G of the PGR gene in all individuals.

PGR gene polymorphisms [T1 (wild-type); T2 (PROGINS, with

Alu insertion)] were determined by PCR and electrophoresis.

Genotype and allele frequencies of the PROGINS in each group were

detected and compared.

 

Results 

 

We observed no significant difference of the PGR*T1/T2

genotypes and allele frequencies between leiomyoma and other

two groups. The proportions of T1 homozygote/heterozygote/T2

homozygote in each group were (i) 90/8·3/1·7%; (ii) 84·2/9·9/5·9%;

(iii) 92·9/6·4/0·7%. In contrast, a higher percentage of T2-related

genotype and allele were noted in hyperprolactinaemic women com-

pared to other two groups. The proportions of T1/T2 alleles in each

group were: (i) 94·2/5·8%; (ii) 89·1/10·9%; (iii) 96·1/3·9%.

 

Conclusions 

 

The PROGIN*T2-related genotype and allele are

related to a higher susceptibility to hyperprolactinaemia. The PROGINS

polymorphism is not associated with leiomyoma development.

(Received 23 August 2004; returned for revision 12 October 2004; 

 

finally revised 16 November 2004; accepted 7 February 2005)

 

Introduction

 

Leiomyoma, the most common uterine neoplasm, occurs in around

a quarter of women during their lifetimes.

 

1

 

 The aetiology and related

factors involved in the initiation and growth of leiomyoma remain

obscure. Leiomyomas are thought to be monoclonal neoplasms.

 

2

 

The neoplastic transformation of myometrium to leiomyoma likely

involves somatic mutations of normal myometrium and the complex

interactions between multiple genes, hormone, growth factors, cyto-

kines and environment. Leiomyoma is related to the auto- and paracrine

interaction of sex-steroid hormone and local growth factors.

 

3–5

 

There is increasing evidence indicating the involvement of pro-

gesterone in the pathogenesis of leiomyoma.

 

5

 

 Both oestrogen and

progesterone are recognized as promoters of leiomyoma growth.

 

6

 

Biochemical and immunocytochemical evidence has demonstrated

the hormone receptors in leiomyoma cells.

 

7

 

 Leiomyoma patho-

genesis is a progestin-responsive process.

 

8

 

 Volume decrease of

leiomyoma in GnRH agonist-treated patients is associated with

alternation in progesterone receptor (PGR) expression.

 

9

 

Numerous hormones could influence the hypophyseal–gonadal

axis, including oestrogen, progesterone and thyroid hormones

(T3, T4, TSH).

 

10

 

 Progesterone administration might suppress the

hypothalamic–pituitary–ovarian axis, which further influences

prolactin (PRL) production.

 

11

 

 Hyperprolactinaemia might be induced

and maintained by both oestrogen and progesterone administra-

tion.

 

10

 

 Administration of progesterone might increase the level of

PRL.

 

12

 

 In contrast, progesterone also plays an inhibitory role in

lactogenesis.

 

13

 

 Progesterone could antagonize diethylstilbestrol-

induced hyperprolactinaemia.

 

14

 

The PGR has long been known to be essential for reproduction.

The PGR content is related with the prognosis and survival for breast

and ovarian cancers.

 

15,16

 

 The PGR gene locates on chromosome

11q22–23.

 

17

 

 A genetic polymorphism named as PROGINS has been

identified in the PGR gene.

 

18

 

 The satellite gene consists of a 306-bp

DNA fragment insertion of the PV/HS-1 Alu subfamily in intron G.

 

18

 

It has been speculated that this insertion might results in the expres-

sion of an aberrant splice form of PGR, as it introduces a consensus

splice acceptor site downstream of a consensus splice donor site.

 

18

 

Therefore, it is logical to suspect this polymorphism might be a

candidate marker in the genetic study of disorders affecting female

endocrine systems.

Genetic inheritability are related with numerous diseases, includ-

ing leiomyoma and hyperprolactinaemia.

 

19,20

 

 The identified SNP

correlated with individual diseases might be plausible for under-

standing the related complex mechanisms. Westberg 

 

et al

 

.

 

21

 

 demon-

strated that the PGR*G331A but not PROGINS is associated with
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PRL levels. Stevens 

 

et al

 

.

 

22

 

 also observed the correlation between

PRL-1149 G allele and hyperprolactinaemia. Some polymorphisms

might be related to leiomyoma development, including the androgen

receptor

 

23

 

 and oestrogen receptor.

 

24

 

 In our previous surveys, we

observed that oestrogen receptor and IGF2 gene polymorphisms

likely contribute to the pathogenesis of leiomyoma.

 

25

 

 In this study,

we tried to evaluate whether PROGINS plays an aetiological or sus-

ceptibility role in leiomyoma and hyperprolactinaemia. It is among

the first few surveys in these fields. Furthermore, to the best of our

knowledge, it is the first report in Asians.

 

Patients and methods

 

Pre-menopausal Taiwanese women with leiomyoma, hyperprolacti-

naemia and normal controls were included. All women were divided

into three groups: (i) leiomyoma (

 

n

 

 = 120); (ii) hyperprolactinaemia

(

 

n

 

 = 101); (iii) normal controls (

 

n

 

 = 140). This study was approved

by the Ethical Committee of the China Medical University Hospital.

Informed consents were signed by all women who donated their

blood. There were no significant differences between each group in

age, weight and height.

Leiomyoma was diagnosed by ultrasonography and confirmed by

pathological examination after myomectomy or hysterectomy.

Hyperprolactinaemia was diagnosed on the basis of chronic irregular

menstruation with elevated levels of serum PRL (> 600 mU/l) with-

out secondary causes of hyperprolactinaemia, including primary

hypothyroidism (elevated TSH with low free T4) and drug use

(e.g. dopamine receptor blockers such as phenothiazines or the

antiemetic metoclopramide). All individuals with hyperprolactinae-

mia were on medical therapy with the bromocriptine (parlodel).

Total cellular DNA was extracted from peripheral blood and

subjected to analysis by PCR and gel electrophoresis of the PCR

products. According to GenBank (Accession No. Z49816) and the

previous report of Rowe 

 

et al.

 

,

 

18

 

 primers were designed as follows:

forward primer, 5

 

′

 

GGCAGAAAGCAAAATAAAAAGA3

 

′

 

; reverse

primer, 5

 

′

 

AAAGTATTTTCTTGCTAAATGTC3

 

′

 

. The PCR reaction

was carried out in a total volume of 25 

 

µ

 

l containing 100 ng of geno-

mic DNA, 2 pmole of each primer, 1 

 

×

 

 Taq polymerase buffer (with

1·5 m

 



 

 MgCl

 

2

 

), and 0·5 unit of Taq DNA polymerase (Promega,

Madison, WI, USA). PCR amplification was performed in a pro-

grammable thermal cycler PTC-100™ (MJ Research, Waltham, MA,

USA). Cycling condition was set as follows: on cycle at 94 

 

°

 

C for 5 min,

35 cycles of 94 

 

°

 

C for 45 s, 55 

 

°

 

C for 45 s and 72 

 

°

 

C for 45 s and one

final cycle of extension at 72 

 

°

 

C for 3 min.

The PCR products were applied to electrophoretic analysis with

the use of a 2% agarose gel (Fig. 1). Two DNA fragments could be

detected: a 159 bp DNA fragment representing ‘T1’ allele (wild-type)

and a 465 bp DNA fragment representing ‘T2’ allele (PROGINS,

with a 306-bp of PV/HS-1 Alu insertion). The DNA fragments were

also cloned for sequence verification by DNA sequencing. Each allele

of PGR gene was recognized according to its size. Genotypes and

allelic frequencies for T1/T2 in each group were compared. Allelic

frequencies are expressed as a percentage of the total number of alle-

les. Differences in the frequencies of the alleles between each groups

were analysed by 

 

χ

 

2

 

 test. A 

 

P

 

-value < 0·05 was considered statistically

significant.

 

Results

 

The proportions of PGR genotype and allele frequencies in leiomy-

oma, hyperprolactinaemia, and normal controls group are listed

in Table 1. Most individuals appeared to be T1 homozygotes. We

observed significant difference of the PGR*T1/T2 genotypes

between leiomyoma and other two groups. In contrast, a higher per-

centage of T2-related genotypes was noted in hyperprolactinaemic

than patients in normal controls (

 

P

 

-value = 0·032, Table 1). Allele

frequencies for T1/T2 between the leiomyoma and other two groups

were nonsignificantly different. In contrast, compared to normal

controls, a higher proportion of T2 allele was noted in the hyper-

prolactinaemic individuals (

 

P

 

-value = 0·003, Table 1).

 

Discussion

 

Traditionally, oestrogen has been considered to be the major stim-

ulus to leiomyoma growth. However, some biochemical, histological

Fig. 1 Photography of an agarose gel stained with ethidium bromide to 
resolve the 306 bp intron G insertion polymorphism of the progesterone 
receptor gene. The 159-bp band represents the wild-type allele (T1 allele) and 
the 465-bp band represents the mutant allele (T2 allele). Lanes marked as 
T1/T1, T1/T2 and T2/T2 show the homozygous wild-type, heterozygous and 
homozygous mutant patterns, respectively.

Table 1. Genotypes and allele frequencies of PROGINS gene polymorphisms 
in women with hyperprolactinaemia, leiomyoma and normal controls

Genotypes

Leiomyoma

n = 120 (%)*,‡

Hyperprolactinaemia

n = 101 (%)†,‡

Controls 

n = 140 (%)*,†

T1/T1 108 (90) 85 (84·2) 130 (92·9)

T1/T2 10 (8·3) 10 (9·9) 9 (6·4)

T2/T2 2 (1·7) 6 (5·9) 1 (0·7)

Alleles n = 240 (%)§,** n = 202 (%)¶,** n = 280 (%)§,¶

T1 226 (94·2) 180 (89·1) 269 (96·1)

T2 14 (5·8) 22 (10·9) 11 (3·9)

*,‡Nonsignificant difference; †p-value quals; 0·032; §,**Nonsignificant 
difference; ¶p-value = 0·003.
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and clinical evidence has highlighted the equal contributions of pro-

gesterone and oestrogen upon leiomyoma tumour genesis.

 

26

 

 Some

investigations have suggested that progesterone and PGR play

important roles in the modulation of mitotic activity, local growth

factors and growth factor receptors, as well as other paracrine

mechanisms in leiomyoma development.

 

27

 

 Furthermore, the PGR can

suppress oestrogen receptor signalling as well as the stimulation of

leiomyoma growth.

 

28

 

 Compared to the PGR in myometrium, the

PGR in the leiomyoma is more resistant to suppression by gonado-

trophin releasing hormone analogus.

 

29

 

Progesterone is known to influence the release of PRL.

 

21

 

 Admin-

istration of progesterone can raise PRL secretion.

 

10,12

 

 The stimulatory

influence of progesterone on pituitary PRL release is mediated by

PGRs within the brain.

 

21

 

 Intermediate factors include 

 

β

 

-endorphin,

 

30

 

serotonin,

 

31

 

 or dopamine.

 

32

 

 Through PGRs in the brain, progesterone

might react with these intermediate factors, which further stimulate

PRL production.

 

12

 

 Progesterone could up-regulate PRL gene and

subsequent PRL expression.

 

33

 

 The PGR could regulate PRL expression

during the differentiation processes of endometrial stromal cells.

 

34

 

Furthermore, cooperative transcriptions and regulations between

PRL and PGR have been observed.

 

35

 

 During the neonatal phase, the

development of the uterus and endometrium involves the combined

coordination of progesterone, oestrogen and PRL receptors.

 

36

 

Numerous disorders, such as leiomyoma, hyperprolactinaemia

and endometriosis, have been attributed to genetic susceptibility.

Genetic studies of multifactorial diseases such as leiomyoma and

hyperprolactinaemia are difficult to approach due to the uncertainty

of a polygenic trait. Despite polymorphisms not being directly linked

to a certain disease, they are useful tools in the study of multifactorial

disorders.

 

37

 

 The gene encoding the PGR might be a useful candidate

for screening leiomyoma.

 

8

 

 The PGR gene is located in chromosome

region 11q22–23, which is a proposed site of tumour suppressor

genes and a site of loss of heterozygosity (LOH) in women with

endometriosis

 

38

 

 and breast cancer.

 

39

 

 This mutation results in an

amino acid substitution in the hinge region of the PGR and alters

the function of the receptor.

 

40

 

Numerous diseases are related with PGR gene polymorphisms

(Tables 2 and 3). The 306-base pair insertion polymorphism in

intron G of the PGR is related to the development of endometriosis.

 

41

 

Wang-Gohrke 

 

et al

 

.

 

42

 

 suggested a dosage effect of PROGINS upon

the decreased risk for breast cancer. High levels of PGRs might be

associated with better survival.

 

43

 

 Recently, Lattuada 

 

et al

 

.

 

44

 

 demon-

strated that the PROGIN *T2 allele is associated with a twofold risk

of developing endometriosis. Westberg 

 

et al

 

.

 

21

 

 also demonstrated the

correlation between PGR 331*A-related genotype and higher pro-

duction of PRL. Increased production of PGR-B by the G331A poly-

morphism might predispose women to breast cancer development

through increased PGR-B-dependent stimulation of mammary cell

growth.

 

45

 

 Possession of the PGR 331*A and H770H*C alleles for

PGR polymorphism are associated with an increased risk for im-

plantation failure postembryo transfer.

 

46

 

In this study, we observed that the genotype and allele frequencies for

PGR T1/T2 between the leiomyoma and control groups were not signi-

ficantly different. In contrast, we observed a statistically significant

association between the PROGINS genotype and hyperprolactinaemia.

The PGR*T2-related genotype and allele are related to a higher sus-

ceptibility to hyperprolactinaemia. We also observed that the PROGIN

proportions in Asians were not compatible with those of Caucasians

reports (Table 3). A lower percentage of T2-related genotypes are seen

in Taiwanese population. These discrepancies might be due to numer-

ous factors, including racial variation, illness classification, environ-

mental variation, and multiple enzymatic processes and interactions.

The mechanisms of SNPs upon individual diseases remain uncer-

tain. Despite the fact that SNPs do not alter the transcript products,

some investigators have demonstrated that the disequilibrium effects

of certain genotypes might influence the related efficiency of the

transcripts.

 

47–49

 

 Presumably, the distinct biological condition caused

by PROGINS is among the numerous contributions which influence

the development of hyperprolactinaemia. These contributions

include genetic, dietary, and environmental regulating hormonal

and nonhormonal conditions. Furthermore, the gene dosage effect

of PROGINS with other hormone gene polymorphisms upon

individual hormone-related disease might be considered.

 

42

 

 The PGR

polymorphisms might be in linkage disequilibrium with other uni-

dentified functional polymorphisms, which cooperatively influences

the susceptibility to hyperprolactinaemia.

Table 2. Correlations of progesterone receptor (PGR) gene polymorphism with individual diseases

Correlation Non-correlation

PGR SNP locations Diseases PGR SNP locations Diseases

PROGINS Endometriosis,41,44 ovarian cancer with 

diethylstilbestrol exposure,50 breast cancer,42 

obesity51

PROGINS Leiomyoma,8 PRL level,21 ovarian 

cancer,52,53 panic disorder,54 

breast cancer,39,55 idiopathic 

recurrent miscarriage56

G331A Prolactin level,21 implantation failure,46 breast 

cancer,45 endometrial cancer,57 panic disorder54

G331A Breast cancer58

G1031C (Ser344Thr), Recurrent abortion59 G1978T (Leu660Val) Breast cancer,60 ovarian cancer61

G1978T (Leu660Val ), 

C2310T (His770His)

G331A, C2310T (His770His) Implantation failure46

G1978T (Leu660Val) Breast cancer60
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In conclusion, our data suggest that PROGINS is associated with

the susceptibility of hyperprolactinaemia. In contrast, PROGINS is

not correlated with increased susceptibility to leiomyoma. However,

the use of PROGINS as a marker for predicting susceptibility to

hyperprolactinaemia remains further investigation. Larger series are

required to confirm these observations and to further examine the

interaction between PROGINS and hyperprolactinaemia develop-

ment. Furthermore, other hormone gene polymorphisms in leiomy-

oma and hyperprolactinaemia also need to be investigated.

 

References

 

1 Cramer, D.W. (1992) Epidemiology of myomas. 

 

Seminars in Repro-
duction Endocrinology

 

, 

 

10

 

, 320–324.
2 Mashal, R.D., Fejzo, M.L., Friedman, A.J., Mitchner, N., Nowak, R.A.,

Rein, M.S., Morton, C.C. & Sklar, J. (1994) Analysis of androgen
receptor DNA reveals the independent clonal origins of uterine
leiomyomata and the secondary nature of cytogenetic aberrations in
the development of leiomyomata. 

 

Genes, Chromosomes and Cancer

 

,

 

11

 

, 1–6.
3 Reeve, A.E., Eccles, M.R., Wilkins, R.J., Bell, G.I. & Millow, L.J.

(1985) Expression of insulin-like growth factor-II transcripts in
Wilms’ tumour. 

 

Nature

 

, 

 

317

 

, 258–260.
4 El-Badry, O.M., Helman, L.J., Chatten, J., Steinberg, S.M., Evans,

A.E. & Israel, M.A. (1991) Insulin-like growth factor II-mediated
proliferation of human neuroblastoma. 

 

Journal of Clinical Investiga-
tions, 87, 648–657.

5 Maruo, T., Ohara, N., Wang, J. & Matsuo, H. (2004) Sex steroidal
regulation of uterine leiomyoma growth and apoptosis. Human
Reproduction Update, 10, 207–220.

6 Flake, G.P., Andersen, J. & Dixon, D. (2003) Etiology and pathogen-
esis of uterine leiomyomas: a review. Environmental Health Perspec-
tives, 111, 1037–1054.

7 Soules, M.R. & McCarty, K.S. (1982) Leiomyomas steroid receptor
content. American Journal of Obstetrics and Gynecology, 143, 6–11.

8 Massart, F., Becherini, L., Marini, F. et al. (2003) Analysis of estrogen
receptor (ERα and ERβ) and progesterone receptor (PR) polymor-
phisms in uterine leiomyomas. Medical Science Monitor, 9, BR25–30.

9 Wu, X., Wang, H., Englund, K., Blanck, A., Lindblom, B. & Sahlin,
L. (2002) Expression of progesterone receptors A and B and insulin-
like growth factor-I in human myometrium and fibroids after treat-
ment with a gonadotropin-releasing hormone analogue. Fertility and
Sterility, 78, 985–993.

10 Williams, R.F., Gordon, K., Fung, H., Kolm, P. & Hodgen, G.D.
(1994) Hypothalamo–pituitary effects of RU486: inhibition of
progesterone-induced hyperprolactinaemia. Human Reproduction,
9, 63–68.

11 Smith, S., Wheeler, M.J., Murray, R. & O’Keane, V. (2002) The effects
of antipsychotic-induced hyperprolactinaemia on the hypothalamic-
pituitary-gonadal axis. Journal of Clinical Psychopharmacology, 22,
109–114.

12 Schmidt, P.J., Raju, J., Danaceau, M., Murphy, D.L. & Berlin, R.E.
(2002) The effects of gender and gonadal steroids on the neuroen-
docrine and temperature response to m-chlorophenylpiperazine in
leuprolide-induced hypogonadism in women and men. Neuropsy-
chopharmacology, 27, 800–812.

13 Caron, R.W. & Deis, R.P. (1998) Estradiol implants in the arcuate
nucleus induce lactogenesis in virgin rats: role of progesterone. Life
Science, 62, 229–237.

14 Piroli, G.G., Grillo, C.A., Ferrini, M.G., Lux-Lantos, V. & De Nicola,
A.F. (1996) Antagonism by progesterone of diethylstilbestrol-
induced pituitary tumorigenesis in Fischer 344 rats: effects on sex
steroid receptors and tyrosine hydroxylase mRNA. Neuroendocrinol-
ogy, 63, 530–539.

15 Clark, G.M., McGuire, W.L., Hubay, C.A., Pearson, O.H. & Marshall,
J.S. (1983) Progesterone receptors as a prognostic factor in stage II
breast cancer. New England Journal of Medicine, 309, 1343–1347.

16 Slotman, B.J., Kuhnel, R., Rao, B.R., Dijkhuizen, G.H., de Graaff, J.
& Stolk, J.G. (1989) Importance of steroid receptors and aromatase
activity in the prognosis of ovarian cancer: high tumor progesterone
receptor levels correlate with longer survival. Gynecological Oncology,
33, 76–81.

17 Rousseau-Merck, M.F., Misrahi, M., Loosfelt, H., Milgrom, E. &
Berger, R. (1987) Localization of the human progesterone receptor
gene to chromosome 11q22–q23. Human Genetics, 77, 280–282.

18 Rowe, S.M., Coughlan, S.J., McKenna, N.J. et al. (1995) Ovarian
carcinoma-associated TaqI restriction fragment length polymorphism

Table 3. Genotypes and allele frequencies of PROGINS gene polymorphisms in previous reports

Authors T1 homozygote (%) T1/T2 heterozygote (%) T2 homozygote (%) P-value

Massart et al., 20038 Leiomyoma 70·7 24 5·3 NS

Normal controls 71·1 26·2 2·7

Westberg et al., 200421 Hyperprolactinaemia 74·9 22 3·1 *

Lattuada et al., 200444 Endometriosis 67·9 29·8 2·3 0·041

Normal controls 78·7 20·5 0·8

Wieser et al., 200241 Endometriosis 68·4 28·4 3·2 0·004

Normal controls 85 14 0.9

Tong et al., 200153 Ovarian cancer 73·9 22·1 4 NS

Normal controls 72·7 26·8 0·5

Kurz et al., 200156 Idiopathic recurrent 73·6 23·2 3·2 NS

miscarriage

Normal controls 79.7 19 1·3

Donaldson et al., 200255 Breast cancer 73·9 21·7 4·4 NS

Normal controls 68·3 26·7 5

*No controls group; NS, nonsignificant difference.



496 Y.-Y. Hsieh et al.

© 2005 Blackwell Publishing Ltd, Clinical Endocrinology, 62, 492–497

in intron G of the progesterone receptor gene is due to an Alu
sequence insertion. Cancer Research, 55, 2743–2745.

19 Ligon, A.H. & Morton, C.C. (2001) Leiomyomata: heritability and
cytogenetic studies. Human Reproduction Update, 7, 8–14.

20 Limas, C.J., Kroupis, C., Haidaroglou, A. & Cokkinos, D.V. (2002)
Hyperprolactinaemia in patients with heart failure: clinical and
immunogenetic correlations. European Journal of Clinical Investiga-
tions, 32, 74–78.

21 Westberg, L., Ho, H.P., Baghaei, F., Nilsson, S., Melke, J., Rosmond,
R., Holm, G., Bjorntorp, P. & Eriksson, E. (2004) Polymorphisms in
oestrogen and progesterone receptor genes: possible influence on
prolactin levels in women. Clinical Endocrinology, 61, 216–223.

22 Stevens, A., Ray, D.W., Worthington, J. & Davis, J.R. (2001) Poly-
morphisms of the human prolactin gene: implications for produc-
tion of lymphocyte prolactin and systemic lupus erythematosus.
Lupus, 10, 676–683.

23 Fujimoto, J., Hirose, R., Sakaguchi, H. & Tamaya, T. (2000) Expres-
sion of size-polymorphic androgen receptor gene in uterine leiomy-
oma according to the number of cytosine, adenine, and guanine
repeats in androgen receptor alleles. Tumour Biology, 21, 33–37.

24 Kitawaki, J., Obayashi, H., Ishihara, H. et al. (2001) Oestrogen
receptor-α gene polymorphism is associated with endometriosis,
adenomyosis and leiomyomata. Human Reproduction, 16, 51–55.

25 Hsieh, Y.Y., Chang, C.C., Tsai, F.J., Tsai, H.D., Yeh, L.S., Lin, C.C. &
Tsai, C.H. (2003) Estrogen receptor thymine-adenine dinucleotide
repeat polymorphism is associated with susceptibility to leiomyoma.
Fertility and Sterility, 79, 96–99.

26 Rein, M.S. (2000) Advances in uterine leiomyoma research: the pro-
gesterone hypothesis. Environmental Health Perspectives, 108, 791–793.

27 Schweppe, K.W. (1999) Progestins and uterine leiomyoma. Gyneco-
logical Endocrinology, 13, 21–24.

28 Hodges, L.C., Houston, K.D., Hunter, D.S., Fuchs-Young, R., Zhang,
Z., Wineker, R.C. & Walker, C.L. (2002) Transdominant suppression
of estrogen receptor signaling by progesterone receptor ligands in
uterine leiomyoma cells. Molecular Cell Endocrinology, 196, 11–20.

29 van de Ven, J., Sprong, M., Donker, G.H., Thijssen, J.H., Mak-Kregar,
S. & Blankenstein, M.A. (2001) Levels of estrogen and progesterone
receptors in the myometrium and leiomyoma tissue after suppres-
sion of estrogens with gonadotropin-releasing hormone analogs.
Gynecological Endocrinology, 15, 61–68.

30 Pecins-Thompson, M., Widmann, A.A. & Bethea, C.L. (1996) β-
Endorphin, but not oxytocin, substance P or vasoactive-intestinal
polypeptide, contributes to progesterone-induced prolactin secre-
tion in monkeys. Neuroendocrinology, 63, 569–578.

31 Pecins-Thompson, M. & Bethea, C.L. (1997) RU486 blocks and
fluoxetine augments progesterone-induced prolactin secretion in
monkeys. Neuroendocrinology, 65, 335–343.

32 Tomogane, H., Mizoguchi, K. & Yokoyama, A. (1990) Effects of pro-
gesterone on concentrations of monoamines in hypothalamic areas
and plasma prolactin levels in rats. Proceedings of the Society of Exper-
imental Biological Medicine, 195, 208–212.

33 Tessier, C., Deb, S., Prigent-Tessier, A., Ferguson-Gottschall, S.,
Gibori, G.B., Shiu, R.P. & Gibori, G. (2000) Estrogen receptors alpha
and beta in rat decidua cells: cell-specific expression and differential
regulation by steroid hormones and prolactin. Endocrinology, 141,
3842–3851.

34 Brosens, J.J., Hayashi, N. & White, J.O. (1999) Progesterone receptor
regulates decidual prolactin expression in differentiating human
endometrial stromal cells. Endocrinology, 140, 4809–4820.

35 Hovey, R.C., Trott, J.F., Ginsburg, E., Goldhar, A., Sasaki, M.M.,
Fountain, S.J., Sundararajan, K. & Vonderhaar, B.K. (2001) Trans-

criptional and spatiotemporal regulation of prolactin receptor
mRNA and cooperativity with progesterone receptor function dur-
ing ductal branch growth in the mammary gland. Developmental
Dynamics, 222, 192–205.

36 Taylor, K.M., Gray, C.A., Joyce, M.M., Stewart, M.D., Bazer, F.W. &
Spencer, T.E. (2000) Neonatal ovine uterine development involves
alterations in expression of receptors for estrogen, progesterone, and
prolactin. Biological Reproduction, 63, 1192–1204.

37 Andersen, T.I., Heimdal, K.R., Skrede, M., Tveit, K., Berg, K. &
Borresen, A.L. (1994) Oestrogen receptor (ESR) polymorphisms and
breast cancer susceptibility. Human Genetics, 94, 665–670.

38 Jiang, X., Hitchcock, A., Bryan, E.J. et al. (1996) Microsatellite
analysis of endometriosis reveals loss of heterozygosity at candidate
ovarian tumor suppressor gene loci. Cancer Research, 56, 3534–3539.

39 Fabjani, G., Tong, D., Czerwenka, K., Schuster, E., Speiser, P., Leodolter, S.
& Zeillinger, R. (2002) Human progesterone receptor gene polymor-
phism PROGINS and risk for breast cancer in Austrian women.
Breast Cancer Research and Treatment, 72, 131–137.

40 Kieback, D.G., Tong, X.W., Wiegel, N.L. & Agoulnick, I.U. (1998) A
genetic mutation in the progesterone receptor (PROGINS) leads to
an increased risk of nonfamilial breast and ovarian cancer causing
inadequate control of estrogen receptor driven proliferation. Gyne-
cological Investigations, 5, 40a.

41 Wieser, F., Schneeberger, C., Tong, D., Tempfer, C., Huber, J.C. &
Wenzl, R. (2002) PROGINS receptor gene polymorphism is associ-
ated with endometriosis. Fertility and Sterility, 77, 309–312.

42 Wang-Gohrke, S., Chang-Claude, J., Becher, H., Kieback, D.G. &
Runnebaum, I.B. (2000) Progesterone receptor gene polymorphism
is associated with decreased risk for breast cancer by age 50. Cancer
Research, 60, 2348–2350.

43 Mihara, K., Kondo, T., Suzuki, A., Yasui, N., Nagashima, U., Ono, S.,
Otani, K. & Kaneko, S. (2000) Prolactin response to nemonapride,
a selective antagonist for D2 like dopamine receptors, in schizo-
phrenic patients in relation to Taq1A polymorphism of DRD2 gene.
Psychopharmacology, 149, 246–250.

44 Lattuada, D., Somigliana, E., Vigano, P., Candiani, M., Pardi, G. &
Di Blasio, A.M. (2004) Genetics of endometriosis: a role for the
progesterone receptor gene polymorphism PROGINS? Clinical
Endocrinology, 61, 190–194.

45 De Vivo, I., Hankinson, S.E., Colditz, G.A. & Hunter, D.J. (2003) A
functional polymorphism in the progesterone receptor gene is associated
with an increase in breast cancer risk. Cancer Research, 63, 5236–5238.

46 Cramer, D.W., Hornstein, M.D., McShane, P., Powers, R.D., Lescault,
P.J., Vitonis, A.F. & De Vivo, I. (2003) Human progesterone receptor
polymorphisms and implantation failure during in vitro fertilization.
American Journal of Obstetrics and Gynecology, 189, 1085–1092.

47 Shintani, S., Matsuo, K., Crohin, C.C., McBride, J., Tsuji, T., Donoff, R.B.,
Posner, M., Todd, R. & Wong, D.T. (1999) Intragenic mutation analysis
of the human epidermal growth factor receptor (EGFR) gene in
malignant human oral keratinocytes. Cancer Research, 59, 4142–4147.

48 Kennon, B., Ingram, M.C., Friel, E.C. et al. (2004) Aldosterone syn-
thase gene variation and adrenocortical response to sodium status,
angiotensin II and ACTH in normal male subjects. Clinical Endo-
crinology, 61, 174–181.

49 Shirasawa, S., Harada, H., Furugaki, K. et al. (2004) SNPs in the pro-
moter of a B cell-specific antisense transcript, SAS-ZFAT, determine
susceptibility to autoimmune thyroid disease. Human Molecular
Genetics, August 4.

50 Engehausen, D.G. & Schrott, K.M. (2000) PROGINS polymorphism
of progesterone receptor is increased in female offspring with maternal
exposure to diethylstilbestrol. Anticancer Research, 20, 5145–5149.



PROGINS in leiomyoma and hyperprolactinaemia 497

© 2005 Blackwell Publishing Ltd, Clinical Endocrinology, 62, 492–497

51 Wasserman, L., Flatt, S.W., Natarajan, L. et al. (2004) Correlates of
obesity in postmenopausal women with breast cancer: comparison
of genetic, demographic, disease-related, life history and dietary
factors. International Journal of Obesity and Related Metabolism
Disorders, 28, 49–56.

52 Modugno, F. (2004) Ovarian cancer and polymorphisms in the
androgen and progesterone receptor genes: a HuGE review. Ameri-
can Journal of Epidemiology, 159, 319–335.

53 Tong, D., Fabjani, G., Heinze, G., Obermair, A., Leodolter, S. & Zeill-
inger, R. (2001) Analysis of the human progesterone receptor gene
polymorphism progins in Austrian ovarian carcinoma patients.
International Journal of Cancer, 95, 394–397.

54 Ho, H.P., Westberg, L., Annerbrink, K. et al. (2004) Association
between a functional polymorphism in the progesterone receptor gene
and panic disorder in women. Psychoneuroendocrinology, 29, 1138–1141.

55 Donaldson, C.J., Crapanzano, J.P., Watson, J.C., Levine, E.A. &
Batzer, M.A. (2002) PROGINS Alu insertion and human genomic
diversity. Mutation Research, 501, 137–141.

56 Kurz, C., Tempfer, C.B., Boecskoer, S., Unfried, G., Nagele, F. &
Hefler, L.A. (2001) The PROGINS progesterone receptor gene pol-
ymorphism and idiopathic recurrent miscarriage. Journal of Society
of Gynecological Investigations, 8, 295–298.

57 De Vivo, I., Huggins, G.S., Hankinson, S.E., Lescault, P.J., Boezen,
M., Colditz, G.A. & Hunter, D.J. (2002) A functional polymorphism
in the promoter of the progesterone receptor gene associated with
endometrial cancer risk. Proceedings of the National Academy of
Sciences of the USA, 99, 12263–12268.

58 Feigelson, H.S., Rodriguez, C., Jacobs, E.J., Diver, W.R., Thun, M.J.
& Calle, E.E. (2004) No association between the progesterone recep-
tor gene +331G/A polymorphism and breast cancer. Cancer Epide-
miology, Biomarkers and Prevention, 13, 1084–1085.

59 Schweikert, A., Rau, T., Berkholz, A., Allera, A., Daufeldt, S. & Wildt,
L. (2004) Association of progesterone receptor polymorphism with
recurrent abortions. European Journal of Obstetrics and Gynecological
Reproduction Biology, 113, 67–72.

60 Spurdle, A.B., Hopper, J.L., Chen, X., McCredie, M.R., Giles, G.G.,
Venter, D.J., Southey, M.C. & Chenevix-Trench, G. (2002) The pro-
gesterone receptor exon 4 Val660Leu G/T polymorphism and risk of
breast cancer in Australian women. Cancer Epidemiology, Biomarkers
and Prevention, 11, 439–443.

61 Spurdle, A.B., Webb, P.M., Purdie, D.M., Chen, X., Green, A. &
Chenevix-Trench, G. (2001) No significant association between pro-
gesterone receptor exon 4 Val660Leu G/T polymorphism and risk
of ovarian cancer. Carcinogenesis, 22, 717–721.


