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Congenital Adrenal Hyperplasia Owing
to 17a-Hydroxylase/17,20 Lyase and P450
Oxidoreductase Deficiencies

Christa E. Fliick

Congenital adrenal hyperplasia (CAH) due to genetic mutations in the genes for
CYPI7A1 (MIM 609300) and CYP OR (MIM 124015) are rare and may cause
disordered sexual development (DSD).

The CYP17A1 enzyme catalyzes two distinct reactions in the steroid
pathway; its 17a-hydroxylase (170Hase) activity is essential to produce
17-hydroxypregnenolone (170HPreg) and 17-hydroxyprogesterone precursors of
cortisol, and its 17,20 lyase activity is needed for the production of C19 precursors
of sex steroids. As a consequence, lack of 170Hase activity causes glucocorti-
coid (GC) and sex steroid deficiency. However, compensatory overproduction of
corticosterone and deoxycorticosterone with weak GC and significant mineralo-
corticoid action results in subclinical hypocortisolism but severe hypertension and
hypokalemia. By contrast, lyase deficiency causes a lack of sex steroids leading to
46,XY DSD with severe undervirilization in ‘male’ newborns, and absent or incom-
plete pubertal development in both sexes. While the first clinical and biochemical
description of patients with 170Hase deficiency is dated 1966 [1] and 1970 [2],
it was not until 1988 that the underlying genetic defect was found [3]. Over the
last two decades numerous point mutations, deletions/insertions, and splicing muta-
tions have been reported for the CYP17A1 gene. Generally, mutations affecting
the steroid-binding domain of CYP17A1 or disturbing the interaction with P450
oxidoreductase (OR) for electron transfer cause combined 170Hase and lyase defi-
ciency. Although there seems no ‘hot spot’ in the gene for mutations, CYP17A1
mutations W406R and R362C predominate in a larger cohort of Brazilians originat-
ing from Spain or Portugal suggesting a founder effect [4]. By contrast, only four
CP17A1 point mutations (E305G, R347C/H, and R358Q) are reported to cause iso-
lated lyase deficiency [5-7], first described in 1997 [5]. These mutations are thought
to interfere with either cofactor cytochrome b5 in the specific electron transfer from
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OR to CYP17A1 during the lyase reaction [8] or to alter substrate binding for
170HPreg specifically [6].

OR is the obligate electron donor to the steroidogenic enzymes CYP17Al,
CYP21A2, and CYP19AL1. Therefore, patients with OR deficiency have a com-
plex pattern of disordered steroidogenesis that was initially described as apparent
combined 210Hase and 170Hase deficiency in 1985 [9]. Usually mineralocor-
ticoid production remains normal while cortisol and sex steroid production are
impaired to variable degrees with different OR mutations. Because of affected
CYP17A1 and CYP19A1 activities leading to impaired testosterone and estrogen
production, OR mutations may cause severe sexual ambiguity in both sexes (46, XY
DSD or 46,XX DSD). Affected girls may present with different degrees of viriliza-
tion at birth suggesting prenatal androgen exposure (Prader III-V). Affected boys
present with varying degrees of undervirilization ranging from micropenis to severe
hypospadias. In addition, patients with ‘severe’ OR mutations may present with
skeletal malformations previously described as Antley Bixler craniosynostosis syn-
drome (MIM 207410) with genital anomalies [10]. This is explained by the fact
that OR interacts with all microsomal type II P450s including enzymes involved
not only in steroidogenesis but also in bone development, cholesterol biosynthe-
sis, drug metabolism, and more [11]. Since the first description in 2004 [12, 13],
about 40 inactivating OR mutations have been described (http://www.cypalleles.ki.
se/por.htm) in patients presenting with an extremely broad range in phenotype [11].
Several patients previously misdiagnosed for having 210Hase or 170Hase defi-
ciency were identified. Genotype—phenotype correlation is currently being studied
by several groups [14, 15]. Overall, OR A287P mutation appears to predominate in
European patients while R457H is mostly found in Japanese patients [11]. Mutations
destroying the FAD binding to OR such as R457H seem to inactivate all interacting
P450s [13-16]. By contrast, mutations not directly involved in the electron trans-
fer but involved in the direct interaction with partners or cofactors (e.g., A287P)
seem to affect activity of partner proteins to different degrees [16, 17]. In addition,
a large number of sequence variations have been identified in 842 healthy individ-
uals of 4 ethnic groups and the missense mutation A503V was found on 27% of
all alleles [18]. Further, (ongoing) studies focus on the impact of OR mutations
on drug-metabolizing P450s [19, 20] to elucidate the impact of OR variants for
pharmacogenomic aspects.

References

1. Biglieri EG, Herron MA & Brust N 1966 17-Hydroxylation deficiency in man. J Clin Invest
45 1946-1954.

2. New MI 1970 Male pseudohermaphroditism due to 17 alpha-hydroxylase deficiency. J Clin
Invest 49 1930-1941.

3. Kagimoto M, Winter JS, Kagimoto K, Simpson ER & Waterman MR 1988 Structural charac-
terization of normal and mutant human steroid 17 alpha-hydroxylase genes: molecular basis
of one example of combined 17 alpha-hydroxylase/17,20 lyase deficiency. Mol Endocrinol
2 564-570.


http://www.cypalleles.ki.se/por.htm
http://www.cypalleles.ki.se/por.htm

1

10.

12.

13.

14.

15.

16.

17.

18.

20.

Congenital Adrenal Hyperplasia Owing to 17a-Hydroxylase/17,20 Lyase. . . 5

Costa-Santos M, Kater CE & Auchus RJ 2004 Two prevalent CYP17 mutations and genotype-
phenotype correlations in 24 Brazilian patients with 17-hydroxylase deficiency. J Clin
Endocrinol Metab 89 49-60.

Geller DH, Auchus RJ, Mendonca BB & Miller WL 1997 The genetic and functional basis of
isolated 17,20-lyase deficiency. Nat Genet 17 201-205.

Sherbet DP, Tiosano D, Kwist KM, Hochberg Z & Auchus RJ 2003 CYP17 mutation E305G
causes isolated 17,20-lyase deficiency by selectively altering substrate binding. J Biol Chem
278 48563-48569.

Van Den Akker EL, Koper JW, Boehmer AL, Themmen AP, Verhoef-Post M, Timmerman
MA, Otten BJ, Drop SL & De Jong FH 2002 Differential inhibition of 17a-hydroxylase and
17,20-1yase activities by three novel missense CYP17 mutations identified in patients with
P450c17 deficiency. J Clin Endocrinol Metab 87 5714-5721.

Geller DH, Auchus RJ & Miller WL 1999 P450c17 mutations R347H and R358Q selec-
tively disrupt 17,20-lyase activity by disrupting interactions with P450 oxidoreductase and
cytochrome b5. Mol Endocrinol 13 167-175.

Peterson RE, Imperato-McGinley J, Gautier T & Shackleton CHL 1985 Male pseudo-
hermaphroditism due to multiple defects in steroid-biosynthetic microsomal mixed-function
oxidases. A new variant of congenital adrenal hyperplasia. N Engl J Med 313 1182-1191.
Reardon W, Smith A, Honour JW, Hindmarsh P, Das D, Rumsby G, Nelson I, Malcolm S,
Ades L, Sillence D, et al. 2000 Evidence for digenic inheritance in some cases of Antley-
Bixler syndrome? J Med Genet 37 26-32.

. Fluck CE, Pandey AV, Huang N, Agrawal V & Miller WL 2008 P450 oxidoreductase

deficiency — a new form of congenital adrenal hyperplasia. Endocr Dev 13 67-81.

Arlt W, Walker EA, Draper N, Ivison HE, Ride JP, Hammer F, Chalder SM, Borucka-
Mankiewicz M, Hauffa BP, Malunowicz EM, et al. 2004 Congenital adrenal hyperplasia
caused by mutant P450 oxidoreductase and human androgen synthesis: analytical study.
Lancet 363 2128-2135.

Fliick CE, Tajima T, Pandey AV, Arlt W, Okuhara K, Verge CF, Jabs EW, Mendonca BB,
Fujieda K & Miller WL 2004 Mutant P450 oxidoreductase causes disordered steroidogenesis
with and without Antley-Bixler syndrome. Nat Genet 36 228-230.

Fukami M, Nishimura G, Homma K, Nagai T, Hanaki K, Uematsu A, Ishii T, Numakura C,
Sawada H, Nakacho M, et al. 2009 Cytochrome P450 oxidoreductase deficiency: identifica-
tion and characterization of biallelic mutations and genotype-phenotype correlations in 35
Japanese patients. J Clin Endocrinol Metab 94 1723-1731.

Huang N, Pandey AV, Agrawal V, Reardon W, Lapunzina PD, Mowat D, Jabs EW, Van Vliet
G, Sack J, Fliick CE, et al. 2005 Diversity and function of mutations in P450 oxidoreductase
in patients with Antley-Bixler syndrome and disordered steroidogenesis. Am J Hum Genet 76
729-749.

Pandey AV, Kempna P, Hofer G, Mullis PE & Fluck CE 2007 Modulation of human CYP19A1
activity by mutant NADPH P450 oxidoreductase. Mol Endocrinol 21 2579-2595.

Dhir V, Ivison HE, Krone N, Shackleton CHL, Doherty AJ, Stewart PM & Arlt W 2007
Differential inhibition of CYP17A1 and CYP21A2 activities by the P450 oxidoreductase
mutant A287P. Mol Endocrinol 21 1958—1968.

Huang N, Agrawal V, Giacomini KM & Miller WL 2008 Genetics of P450 oxidoreduc-
tase: sequence variation in 842 individuals of four ethnicities and activities of 15 missense
mutations. Proc Natl Acad Sci USA 105 1733-1738.

. Agrawal V, Huang N & Miller WL 2008 Pharmacogenetics of P450 oxidoreductase: effect

of sequence variants on activities of CYP1A2 and CYP2C19. Pharmacogenet Genomics 18
569-576.

Nicolo C, Fluck CE, Mullis PE & Pandey AV 2010 Restoration of mutant cytochrome P450
reductase activity by external flavin. Mol Cell Endocrinol 321 245-252.



	1 Congenital Adrenal-Hyperplasia Owing to 17α-Hydroxylase/17,20 Lyase and P450 Oxidoreductase Deficiencies
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200037000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




