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Abstract
Context—Polycystic ovary syndrome (PCOS) is characterized by chronic hyperandrogenic
anovulation and is associated with insulin resistance. Its pathogenesis is believed to be multifactorial,
and abnormal gene regulation could be one contributing factor. Type 5 17 beta-hydroxysteroid
dehydrogenase (17β-HSD5) appears to be the major testosterone-forming 17β-HSD isoenzyme in
females.

Objective—To investigate the role of a potentially activating 17β-HSD5 gene (HSD17B5) variant
in hyperandrogenism.

Design—Case report and case-control cohort study.

Setting—General Clinical Research Center.

Study subjects—A case of PCOS who had hyperthecosis associated with profound type B insulin
resistance and an unusual, frankly male, testosterone response to a gonadotropin releasing hormone
agonist test, 121 PCOS, and 128 population controls.

Interventions—Diagnostic.

Main outcome measures—Sequencing of HSD17B5 5′-flanking region and 9 exons, genotype/
phenotype studies, and in vitro functional studies.

Results—Our case had a previously undescribed homozygous HSD17B5 variant (G-to-A
substitution) -71 bp in the promoter region. Genotyping controls showed this to be a single nucleotide
polymorphism (SNP-71G). Luciferase activity of a SNP-71G promoter construct was significantly
higher than that of the wild-type, and electrophoretic mobility shift assays revealed that SNP-71G
possessed significantly increased affinity to nuclear transcription factors. SNP-71G allele frequency
(32.2% vs. 22.3%) and SNP-71G allele presence (53.7% vs. 38.3%) were significantly increased in
PCOS (p=0.01). SNP-71G homozygosity tended to contribute about 20% to the plasma testosterone
level.
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Conclusions—SNP-71G is a functional polymorphism that may contribute to testosterone excess
in a subset of PCOS patients.

Keywords
17 beta-hydroxysteroid dehydrogenase (17β-HSD); Type 5 17β-HSD gene (HSD17B5);
electrophoretic mobility shift assays (EMSA); polycystic ovary syndrome (PCOS); Sp1/Sp3; Single
nucleotide polymorphism (SNP)

Introduction
Dysregulation of ovarian steroidogenesis seems to be responsible for polycystic ovary
syndrome (PCOS). PCOS, a poorly understood chronic hyperandrogenism disorder, is the most
common cause of anovulatory infertility, affecting about 5% of reproductive-age women (1).
PCOS is also associated with insulin resistance and type 2 diabetes mellitus. The mechanism
by which hyperinsulinemia is related to androgen excess and polycystic ovaries is unknown.
In vitro studies have shown that insulin and insulin like growth factor-1 augment LH
stimulation of steroidogenesis in ovary theca-interstitial (thecal) cells (2-5).

As with other hyperandrogenic disorders, the major circulating androgen is testosterone (6).
Testosterone biosynthesis requires androgenic 17 beta-hydroxysteroid dehydrogenase (17β-
HSD) activity, namely, types 3 and 5 17ß-HSD (17β-HSD3 & 5). The type 3 17β-HSD gene
(HSD17B3) is mainly expressed in testis, where it is essential for sexual differentiation and
development (7), but it is not expressed in the adrenal gland or ovary (8,9). On the other hand,
the type 5 17β-HSD gene (HSD17B5) is widely expressed and is found in the ovary and adrenal
gland (8-13). Human HSD17B5 is composed of 9 exons spanning 16 kilobases and is located
on chromosome 10p14,15 (11,14). We recently reported that a binding site for the ubiquitous
transcription factors Sp1/Sp3 in the HSD17B5 proximal promoter is necessary for gene activity
(15).

In the present study, we suspected an activating HSD17B5 variant in a patient with the
hyperthecosis form of PCOS due to profound type B insulin resistance because she had an
unusual, frankly male testosterone response to a gonadotropin releasing hormone agonist
(GnRHag) challenge test. We identified a variant adjacent to the Sp1/Sp3 binding site of the
promoter. We determined genotype frequencies for this variant in a sample of 249 unrelated
individuals and found that this is a single nucleotide polymorphism (SNP). Functional studies
showed that this SNP moderately increases HSD17B5 gene promoter activity and increases its
affinity for the transcriptional factors Sp1/Sp3. We also found an association of this SNP with
PCOS.

Materials and methods
Identification of an HSD17B5 promoter variant in a patient with hyperthecosis

Case report—Our index case was a 44 year-old woman with systemic lupus erythematosis,
type B insulin resistance (requiring 1200 U insulin daily together with troglitazone), insulin
receptor antibodies, acanthosis nigricans, hirsutism, amenorrhea, and bilaterally enlarged
ovaries that were ultrasonographically homogeneous. Her hormone profile showed basal
testosterone levels ranging into the frankly male range (77-557 ng/dl) and free testosterone
levels of 10-77 pg/ml (normal 3-10 pg/ml); steroid intermediates were otherwise low as
expected for a glucocorticoid-treated patient (Table 1). In response to GnRHag test, she had a
remarkably high testosterone response, and her ratios of plasma testosterone to
androstenedione were 12-41 SD above normal (normal: 0.15 ± 0.085, SD, at baseline and 0.15
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± 0.069 post-GnRHag) (Table 1). Laparoscopy revealed enlarged ovaries; the histopathology
was reported as marked hyperthecosis.

Subjects—The PCOS study population consisted of 121 Caucasian, African-American,
Hispanic, and Asian subjects found to have PCOS associated with functional ovarian
hyperandrogenism in our Clinical Research Center over the past 15 years (16). PCOS was
defined consistent with Rotterdam criteria: otherwise unexplained evidence of
hyperandrogenism (specifically, plasma free testosterone above the upper limit of normal for
reproductive age women, 10 pg/ml) and menstrual irregularity and/or a polycystic ovary (17).
Additionally, all had an elevated plasma free testosterone (above 10 pg/ml or 34.7 pmol/L) and
functional ovarian hyperandrogenism according to either dexamethasone suppression test or
GnRH agonist criteria (18). Women with any other cause of oligomenorrhea and
hyperandrogenism were excluded. As a control group, 128 random population subjects were
also studied. The study was approved by the University of Chicago Institutional Review Board.
Written consent was obtained from all participants and clinical and laboratory information was
stored in a database.

Genomic DNA sequence—Genomic DNA was extracted from blood, and a 1386-bp 5′-
flanking region was amplified by PCR using the primers 5′-
AAAGCTTTCAATGATTTTATAT-3′ and 5′-AACACGAACCTTACAACCCAAT -3′. Five
μl of PCR products were pretreated according to the manufacturer’s protocol (USB
Corporation, Cleveland, OH). Briefly, five μl of PCR amplification mixtures were treated with
1 μl each of shrimp alkaline phosphatase (2 u/μl) and exonuclease (10 u/μl) at 37°C for 20 min
and the enzymes then inactivated by heating to 80°C for 15 min. The treated PCR products
were directly sequenced using the ABI dye terminator cycle sequencing technique with specific
HSD17B5 gene primers and GeneAmp PCR system 2700 thermal cycler (Perkin-Elmer). The
sequencing reaction was performed using the following thermoprofile: 3 min at 95 °C, then 30
seconds at 95 °C, 30 seconds at 50 °C, and 4 min at 72 °C for a total 35 cycles. The samples
were separated on an Applied Biosystems PRISM 377 DNA Sequencer and analyzed using
the ABI PRISM Sequence Navigator according to the manufacture’s instructions.

Analysis of the 17ß-HSD5 -71G variant
Restriction fragment length polymorphism assay (RFLP)—A two-step PCR-based
RFLP assay was used to determine the genotype of at the promoter region of interest. The first
PCR reaction was done using a set of primers HSD17B5 (F1): 5′-
GAATAATTTAATATAGAGATT-3′, HSD17B5 (R1): 5′-
AACACGAACCTTACAACCCAAT -3′ to generate a 468-bp fragment. The first PCR
reaction was carried out using 50 ng of genomic DNA, 1x Taq buffer, 1 μM each primer, 250
μM 2′-deoxynucleoside 3′-triphosphate, and 0.25 μl (5 units/μl) of Taq polymerase (Promega)
in a final 25-μl volume. PCR amplification was carried out for 35 cycles by heat denaturing at
a temperature of 95°C for 30 s, annealing at a temperature of 45°C for 30 s, and primer extension
at 72°C for 60 s, with a final step at 72°C for 7 min. PCR products were verified by agarose
gel electrophoresis. One μl of PCR product was used for a second PCR reaction using nested
primers to amplify a 170-bp fragment. These were: HSD17B5 (F2): 5′-
CAATTTTCTCCACAGACCATATAAGACCAGCT -3′ and HSD17B5 (R2): 5′-
TCCCTGTCACTTGTCTGACTAGC -3′. Mismatches (underlined) were introduced in the
forward primer to generate a restriction site (Puv II) in the variant allele, but not in the wild
type. Twenty μl of the nested PCR product was digested with 0.5 units of Pvu II (Promega)
according to the manufactory at 37°C for 2 h. Then, the digests were electrophoresed on a 2.5%
agarose gel and stained with ethidium bromide to generate allele-specific fragments: A/A =
170 bp, G/G = 142 and 28 bp, and A/G = 170, 142, and 28 bp.
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Effect of the variant -71G (vs wild-type -71A) on function of the HSD17B5 gene
Rat thecal cell culture—Thecal cells were obtained from hypothysectomized rats following
the procedure described by Magoffin and Erickson (19). Briefly, ovaries from 20 day-old
hypophysectomized female Sprague-Dawley rats were removed on the fourth postoperative
day, minced and thecal cells dispersed with collagenase and deoxyribonuclease. The dispersed
cells were cultured on 6 well plates at a concentration of 300,000 cells/well in McCoy’s 5a
medium (without serum), supplemented with L-glutamine (2 mM), insulin (6.25 μg/ml),
transferrin (6.25 μg/ml), selenium (6.25 ng/ml), and antibiotics (penicillin G, streptomycin
sulfate, and amphotericin B from GIBCO) and cultured for 48 h at 37°C under a water-saturated
atmosphere of 95% air.

Constructs of human HSD17B5 promoter/luciferase—To construct point mutants of
HSD17B5, PCR reactions were performed using a forward primer containing the desire
mutation (Table 2) and reversed primer [(5′-
GGGCCCAGATCTCCCTGTCACTTGTCTGACTAGC-3′), a Bag II site, underlined, was
introduced for facilitative cloning] and HSD17B5 promoter construct (-1060 bp) as the
template (15). All of the PCR-amplified fragments containing point mutants were ligated into
pGEM-T easy vector and sequenced to ensure fidelity of the amplified sequences. Inserts were
subcloned into the Sal I and Bgl II sites of a promoterless luciferase expression vector (pGL3-
Basic vector). All the constructs used in the present study were of identical length, −82 bp to
+68, which is 5′ contiguous to the translation initiation Met codon; base numbers are counted
from the transcriptional start site (11). Plasmid DNA isolation was carried out on a QIAGEN-
tip 500 column according to the manufacturer’s protocol.

Transient transfection and luciferase activity assays—For transfection experiments,
cells were subcultured onto 6 well culture dishes (300,000 cells/well) and used 48 hr later.
Cells were transfected with 1.5 μg of constructs containing the wild-type and mutants and 0.2
μg of the pCI β-galactosidase expression plasmid as a control for transfection efficiency.
Transfections were performed using 3 μl Fugene (Roche Molecular Biochemicals,
Indianapolis, IN) reagent for each well of cells in DMEM/F12 medium (2.1 ml). After 24 hours
of incubation at 37 °C in a 5% CO2 incubator, the transfected cells were washed twice in PBS
and were lysed in 300 μl of lysis buffer (Promega, Madison, WI) (15).

The luciferase activity assays were performed on 20 μl of cell lysate using a Promega kit. ß-
Galactosidase assays were performed on 100 μl of cell lysate by adding a diluted sample to an
equal volume of Assay 2X buffer. Samples were incubated for 16 hours, the reactions were
terminated by addition of sodium carbonate, and absorbance was read at 420 nm with a
spectrophotometer (15).

Electrophoretic mobility shift assays (EMSA)—To generate double-stranded DNA for
-71G or -71A fragment probes, PCR reactions were performed using biotin-labeled forward
oligonucleotides 5′-/5Bio/ACAGACCATATAAGACTGCC-3′ and reverse primer (5′-
GCTTCTCCTCAGAGATTACAAA-3′ (Integrated DNA Technologies, Coralville, IA), and
HSD17B5 promoter constructs containing -71G and -71A as the templates (15). The PCR
fragments containing the -71G or -71A were purified after digestion by Hpa1, which generated
48 bp biotin-labeled probe containing Sp1/Sp3 binding element. The reaction mix (10 μl)
contained a range of concentrations of rat theca cell nuclear proteins and 2 μl gel shift binding
5 X buffer, and was preincubated at 22 °C for 10 min prior to adding 1 pmol of probes. After
a further 20-min incubation, samples were separated on a native 4% polyacrylamide gel and
then transferred to a nylon membrane. The positions of the biotin end-labeled oligonucleotides
were detected by a chemiluminescent reaction with streptavidin-horseradish peroxidase
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according to the manufacturer’s instruction (Bright-Star system, Ambion), visualized and
analyzed using ChemiDoc XRS system and Quantity One software (Bio-Rad) (15).

Statistical analysis
Data are expressed as mean ± S.D. Chi square test was used to test for deviation of genotype
distribution from Hardy–Weinberg equilibrium and to determine whether there were any
significant differences in allele or genotype frequencies between cases and controls (http://
ihg.gsf.de). Statistical significance in the luciferase activity experiments among constructs and
in the clinical data among genotypes, as well as differences between allelic variants of EMSA
results, were assessed by ANOVA followed by Scheffe’s post-hoc test. A P value <0.05 was
considered statistically significant.

Results
Identification of a new variant in the human HSD17B5 gene promoter

To search for mutations or polymorphisms in the 5′-flanking region of the human HSD17B5
gene, a 1386-bp fragment corresponding to the HSD17B5 5′-flanking region was amplified
and sequenced from genomic DNA from our index patient and a control subject. Comparison
of the patient with control revealed the existence of an A-to-G substitution -71 bp from the
transcription initiation site of the HSD17B5 gene (Fig. 1). Gene bank search revealed this to
be a previously undescribed substitution. Our patient was homozygous for the -71G variant in
the HSD17B5 promoter. The results were confirmed by RFLP.

Demonstration that the -71G HSD17B5 variant is a SNP-71G associated with PCOS
A total of 121 subjects with PCOS and 128 population subjects were genotyped for the -71G
variant by RFLP (Fig. 2). The ethnic distribution of the PCOS patients was 48.8% Caucasian
(Ca), 39.7% Afro-American (Af), 3.3% Hispanic (Hi), 7.4% Asian (As); and other 0.8%; that
of controls was 55.4% Ca, 38.8% Af, 3.3% Hi, 5.8.4% As, and other 2.5%. The distribution
of alleles among each group is shown in Table 3 and is consistent with Hardy-Weinberg
equilibrium among ethnic groups. These studies show that -71G variant is a SNP.

Statistical analysis was performed to test whether this association with PCOS is significant.
The SNP-71G allele frequencies were significantly more frequent than in the control group,
with an odds ratio (OR) of 1.66 (95% confidence interval (CI) 1.114-2.475; P= 0.0124). The
odds ratio for bearing the G allele was based on the data in Tables 3 for the two largest ethnic
groups within our study populations. The odds ratio for Caucasians with PCOS bearing the G
allele was 2.251 (95% CI: 1.287-3.937; P=.0041). That for Afro-Americans bearing the G allele
was 1.195 (95% CI: 0.635-2.247); this odds ratio is neither significant nor significantly
different from that of Caucasians. Hispanic and Asian groups are too small for statistical
analysis.

Analysis of variance (ANOVA) was performed on the baseline plasma testosterone level of
the PCOS patients to begin to explore the relationship of genotype to endocrine phenotype
(Fig. 3). The data suggest that SNP-71G homozygosity contributes about 20% to this parameter.
However, the difference is not statistically significant.

Functional effect of the SNP-71G of the HSD17B5 gene
To investigate whether the G-to-A substitution has an effect on gene expression, transfection
experiments in rat theca cells were carried out with each allelic promoter-reporter gene
construct. To characterize more precisely the contributions of the SNP and proximate
nucleotides to promoter activity, we cloned a series of point mutation of -82/+68 constructs of
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the HSD17B5 promoter. The reporter gene expression driven by the G allelic HSD17B5
promoter was 70% higher (P<0.05) than reporter gene expression directed by the A allelic
promoter. However, other constructs containing mutations between -70 to -59 had significantly
decreased promoter activity (P<0.05), except for -82-70A and -82-64C. We conclude that the
SNP-71G of HSD17B5 gene has significantly but modestly increased promoter activity (Fig.
4).

We have proven that Sp1/Sp3 binds to a core sequence of CCT repeats that is necessary for
HSD17B5 promoter activity (15). The SNP-71G is close to the Sp1/Sp3 binding site. To
investigate if the presence of SNP-71G also increased the affinity of nuclear proteins (Sp1/
Sp3) to this region of the HSD17B5 promoter, EMSAs were performed. EMSAs were carried
out with rat thecal cell nuclear protein with labeled double-stranded oligonucleotides
containing either the wild-type sequence (A/A) or the SNP-71 sequence (G/G). Interestingly,
as predicted by the promoter studies, the EMSAs suggested that binding affinity of
oligonucleotides containing SNP-71 to a range of concentrations of nuclear proteins was much
higher than that of the wild-type sequence (Fig. 5, A). In order to precisely quantitate the
binding affinity because the probes bind to multiple isoforms of Sp1/Sp3 (15), we quantified
residual free probes over a range of increasing concentrations of nuclear proteins (Fig. 5, B &
C). The results confirmed that SNP-71G possesses significantly higher affinity than the wild
type (p=0.04) (Fig. 5, B & C). The results were verified using a fragment of pGl3 basic
sequences as a control (Fig. 5, B). These data suggest that SNP-71 can greatly enhance the
binding affinity of this site for the nuclear transcription factors.

Discussion
PCOS appears to be a complex trait with contributions from both polygenic heritable and non-
heritable factors (20). Dominant inheritance of polycystic ovaries and testosterone excess has
been suggested to occur (21,22), and familial clustering has been reported (23,24). Although
there is vigorous debate about whether PCOS is fundamentally a neuroendocrine or ovarian
disorder (1), evidence is accumulating in favor of the latter (9,25,26). Thus, PCOS seems to
usually arise as a complex genetic disorder in which an intrinsic ovarian genetic trait interacts
with other congenital or cellular environmental factors to cause abnormal regulation
(dysregulation) of steroidogenesis. Linkage and association studies have suggested gene
linkages for the steroidogenic enzymes 17-hydroxylase/C17,20-lyase (CYP17) (27) and
cholesterol side-chain cleavage enzyme (P450scc or CYP11α) (28), the insulin variable number
of tandem repeats (VNTR) (28), and follistatin (29), as well as chromosome 19p13.3 in the
insulin receptor gene region (30,31). CYP17, follistatin, and VNTR have subsequently been
excluded (32-35). However, CYP11α 5′-UTR (tttta)n variants were confirmed to be associated
with both PCOS and testosterone levels in women with PCOS, but the latter association was
not observed in healthy women (36), which led to the postulate that additional genetic and/or
environmental factors have an epistatic effect on the CYP11α genotype, allowing its
hyperandrogenic action to be expressed only in patients with PCOS and not in healthy subjects.

Our index patient had the hyperthecosis form of PCOS associated with profound type B insulin
resistance, which is a rare disorder (37). Enlarged ovaries and hyperandrogenism (range
83-1033 ng/dl) are common in patients with type B insulin resistance (37), this association is
likely related to insulin resistance, as often seen in PCOS; however, the molecular mechanism
is unknown. Because of our patient’s frankly male testosterone response to a GnRH agonist
challenge test, we searched for sequences in the promoter of the HSD17B5 gene that might be
responsive to both gonadotropins and insulin. This led us to identify a previously undescribed
homozygous variant (G-to-A substitution) in this patient. The variant is located -71 bp from
the transcription initiation site and a few bp upstream from Sp1/Sp3 binding core sequence
(15). There is no study to date that has screened for mutations or polymorphisms in the human
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HSD17B promoter region in PCOS patients, and the mechanism by which HSD17B5 is
regulated in PCOS patients is unknown. Most PCOS patients, in addition to being
hyperandrogenic, are also insulin resistant and/or obese, and insulin resistance plays a major
role in PCOS (1,38 ).

In order to define whether this variant is a mutation or a polymorphism, we have genotyped
121 PCOS patients and 128 population controls. Our data revealed this to be a single nucleotide
polymorphism (SNP-71G). Genotype/phenotype co-relationship studies revealed that there
was a significant increased frequency of SNP-71G in PCOS. However, this increased SNP-71G
frequency was seen in Caucasian, but not in African-American PCOS patients. Other ethnic
groups were too small for statistical analysis. Plasma testosterone data suggest that SNP-71G
homozygosity contributes about 20% to the plasma testosterone levels. However, this
difference is not statistically significant, possibly since the S.D. is wide and the fraction of
patients homozygous for SNP-71G is relatively small. In addition, PCOS may well be a
phenotypic expression affected by the interaction of many genes; it was not surprising that the
levels of testosterone in PCOS patients showed a wide range. Nevertheless, our studies suggest
that the SNP-71G is clinical relevant and may be involved in the control of the expression of
the HSD17B5 under certain conditions, particularly in cases with severe hyperinsulinemia.
Clearly, our genotyping results are preliminary and are exploratory in nature; therefore, our
results should be interpreted with caution while awaiting replication.

Because this polymorphism is near the Sp1/Sp3 responsive element, which is essential for the
regulation of HSD17B5 expression (15), it is possible that SNP-71G may affect the binding
affinity of this responsive element and modulate the stimulation of testosterone production. In
this regard, we found a higher reporter activity (70%) and higher binding affinity of
nucleoproteins by the SNP-71G HSD17B5 promoter than that of the wild-type (A/A) promoter
in rat thecal cells. This would be expected to result in higher levels of HSD17B5 mRNA and
protein and s subsequent increase of testosterone biosynthesis. Notably, a similar SNP
(SNP309, a G to T substitution) in the promoter of the MDM2 gene, an oncogene product that
inhibits the ability of p53 to activate transcription, has been demonstrated to increase the
binding affinity of the transcription factor Sp1, which results in a similar increase in promoter
activity (60%), high levels of MDM2 RNA and protein, and attenuation of the p53 signaling;
this SNP is associated with accelerated tumor formation in both hereditary and sporadic cancers
(39). In addition, decreased repression of the CYP17 promoter by a nuclear transcription factor
was reported to be a potential mechanism contributing to increased steroidogenesis in PCOS
theca cells (40). Our experiments provide the further biological evidence that transcriptional
dysregulation of steroidogenic genes may be implicated in PCOS, which could result in higher
levels of HSD17B5 mRNA and protein and a subsequent increase of testosterone biosynthesis.

Sp1/Sp3 are ubiquitously expressed transcription factors that play a key role in maintaining
basal transcription of many genes. The observation that insulin stimulates thecal cell production
of androgens (3-5) supports that hypothesis that insulin stimulation plays a significant role in
the etiology of hyperandrogenism in insulin-resistant women with PCOS. Furthermore, insulin
and IGF-1 have been shown to regulate Sp1 and Sp3 expression levels as well as increase
transcriptional binding affinity (41,42 ). Several mechanisms exist by which Sp1 alters gene
activity in response to insulin (41). These include the possibility that Sp1 acts alone in
mediating the effects of insulin; Sp1 co-operatively interacts with other insulin-responsive
transcription factors; and dissociation of Sp1 from an insulin-responsive promoter site, where
it is necessary for basal activity, permits the actions of another factor or factors to modulate
gene activity in response to insulin. Although the mechanisms underlining the association
between hyperandrogenism and hyperinsulinemia are not entirely understand, our present
studies provide a possible linkage between testosterone biosynthesis and insulin or IGF-1
effects by altering HSD17B5 expression through Sp1/Sp3. However, further studies are needed

Qin et al. Page 7

J Clin Endocrinol Metab. Author manuscript; available in PMC 2006 July 26.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



to demonstrate the up-regulation of insulin or IGF-1 on HSD17B5 expression through Sp1/
Sp3.

In conclusion, we have identified a polymorphism in the HSD17B5 promoter that appears to
be a novel genetic marker associated with a small subset (about 10%) of PCOS. Since we
initially identified SNP-71G in a rare form of PCOS due to lupus erythematosis-related,
autoantibody-mediated severe insulin resistance, it is possible that the SNP-71G effect in
ordinary PCOS is enhanced by the presence of insulin resistance, which plays an important
role in the pathogenesis of PCOS. To our knowledge, this is the first candidate gene
polymorphism that may directly contribute to a phenotypic aspect of PCOS, namely, the plasma
testosterone level. The present study supports the hypothesis that SNPs in the testosterone
biosynthetic pathway can contribute to the genetic variation which underlies the phenotypic
variation seen in an individual’s susceptibility to PCOS.
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Fig. 1.
The automatic DNA sequence of the hyperthecosis patient and normal control HSD17B5
genes; the sequence primer was antisense. A homozygous single-base change at bp -71 was
found, that encodes a variant, -71G.
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Fig. 2.
Restriction fragment length polymorphism assay. 170 bp PCR fragments were digested with
Pvu II and separated by agarose gel electrophoresis. Representative agarose gel electrophoresis
of Pvu II RFLP of the HSD17B5 gene variants. 28 bp fragments generated from G-variants
were not seen because too low on gel.
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Fig. 3.
Relationship between plasma testosterone and genotype in PCOS patients. A tendency to
elevation in the G/G group is seen.

Qin et al. Page 13

J Clin Endocrinol Metab. Author manuscript; available in PMC 2006 July 26.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Fig. 4.
Analysis of single nucleotide mutants of the human HSD17B5 promoter–luciferase constructs.
Rat thecal cells were transfected with the indicated plasmids, and luciferase activity was
measured. Values represent means ± SD. of three separate determinations, performed in triple.
*P<0.05 compared with wild-type control (-82-71A). The Sp1/Sp3 binding site is underlined
in the control sequences.
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Fig. 5.
The HSD17B5 promoter containing SNP-71G has increased affinity for transcription factors
Sp1/Sp3.
A. EMSA autoradiograph. Varying concentrations of nuclear proteins were incubated with
biotin-labeled probes containing either SNP-71G or -71A wild-type sequence.
B. Residual free probe of an EMSA.
C. Relative densitometry of bands of residual free probe. Each value is the average of three
independent experiments means ± SD. The lesser residual free -71G than -71A probes with
higher nucleoprotein concentrations indicates higher binding affinity of nucleoprotein for the
–71G (P=0.04).
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Table 1
Hormonal profile of our index case compared to control and classic PCOS females.

GnRHag test (leuprolide 10 μg/kg)
Basal* Peak*

Patient Control
females** (Mean
± SD.)

Classic
PCOS** (Mean
± SD.)

Patient Control
females** (Mean
± SD.)

Classic
PCOS** (Mean
± SD.)

Testosterone (ng/dl) 109 12.1 ± 8.9 71.7 ± 43 690 19.8 ± 12 105 ± 51
Androstenedione (ng/dl) 83 77.4 ± 30 257 ± 98 231 135 ± 55 375 ± 162
Estradiol (pg/ml) 75 64.1 ± 30 73 ± 19 268 375 ± 128 515 ± 253
17-hydroxyprogesterone (ng/dl) 43 24 ± 10.3 90 ± 38 774 160 ± 53 518 ± 240
17-hydroxypregnenolone (ng/dl) 14 11.3 ± 4.7 26 ± 11 98 36.2 ± 13 78 ± 41
Dehydroepiandrosterone (DHEA, ng/
dl)

53 68.5 ± 21 114 ± 38 143 89 ± 30 153 ± 54

DHEA-SO4 (μg/dl) 11 35.2 ± 20 - 14 35 ± 18 -
LH (IU/L) 3 11.2 ± 3.1 24.1 ± 6.5 54.5 148 ± 55 245 ± 85
FSH (IU/L) 2.3 6.8 ± 1.5 5.6 ± 1.3 17.5 67 ± 24 58 ± 27

*
Multipliers to convert from mass to SI units are androstenedione 0.0348, 17-hydroxypregnenolone 0.0301, 17-hydroxyprogesterone 0.0303, DHEA

0.0347, DHEA-SO4 27.2, and testosterone 0.0347 in nmol/L, respectively; free testosterone 3.47 and estradiol 3.67 in pmol/L, respectively.

**
Dexamethasone-suppressed volunteers before and after administration of a comparable dose of GnRH agonist (16,43)
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Table 2
Sense oligonucleotides used for site-directed mutagenesis constructs.

Oligonucleotides sequence (5′ to 3′)

-82 -82 GGATCCGTCGACTAAGACTGCCTATGTACCTCCT -61
-82mut1 -82 GGATCCGTCGACTAAGACTGCCTGTGTACCTCCTCCTAC –56
-82mut2 -82 GGATCCGTCGACTAAGACTGCCTCTGTACCTCCTCCTAC -56
-82mut3 -82 GGATCCGTCGACTAAGACTGCCTAAGTACCTCCTCCTAC -56
-82mut4 -82 GGATCCGTCGACTAAGACTGCCTATGTCCCTCCTCCTAC -56
-82mut5 -82 GGATCCGTCGACTAAGACTGCCTATGTAACTCCTCCTAC -56
-82mut6 -82 GGATCCGTCGACTAAGACTGCCTATGTACTTCCTCCTAC -56
-82mut7 -82 GGATCCGTCGACTAAGACTGCCTATGTACCCCCTCCTAC -56
-82mut8 -82 GGATCCGTCGACTAAGACTGCCTATGTACCTTCTCCTAC -56
-82mut9 -82 GGATCCGTCGACTAAGACTGCCTATGTACCTCTTCCTAC -56
-82mut10 -82 GGATCCGTCGACTAAGACTGCCTATGTACCTCCTCTCAC -56

All the constructs were containing an extension from +68 to the base number indicated in the construction name; base numbers are counted from the
transcriptional start site (14). Mutated bases are shown in boldface and underlined. Restriction site for Sal I (italicized) was attached to oligonucleotides
for cloning.
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Table 3
Genotype and allele frequencies for HSD17B5 SNP-71G in PCOS and controls

Total N A/A G/A G/G P value OR (95% CI)

PCOS 121 46.3% 43.0% 10.7% 0.0124 1.66 (1.114-2.475)
Control 128 61.7% 32% 6.25%

Caucasian
PCOS 59 39% 47.5% 13.6% 0.0045 2.251(1.287-3.937)
Control 67 65.7% 26.9% 7.5%

African-American
PCOS 48 47.9% 43.8% 8.3% 0.581 1.195 (0.635-2.247)
Control 47 51.1% 44.7% 4.2%
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