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CAH and festicular
feminization syndromes



OBJECTIVES

By the end of this lecture, the students
should be able to know:

* Adrenal steroidogenesis

* Congenital adrenal hyperplasia syndrome
1 Types

2. Biochemical characteristics

3 Clinical manifestations

* Testicular feminization syndrome

| CAH stands for Congenital adrenal hyperplasia



Overview

Adrenal steroidogenesis CAH and Testicular Congenital Adrenal /
Testicular feminization Feminization Hyperplasia syndrome

N
syndrome Syndromes (CAH) \

21 a-Hydroxylase deficiency
(Most common)

Types <<<

11 f-Hydroxylase deficiency

Biochemical
characteristics

Clinical
manifestations
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Hermaphroditism or Intersex

* Intersex: A person has neither standard male or standard
female anatomy.

* Discrepancy between type of gonads and external genitalia

True hermaphrodite (rare) (ovary plus testis)
Female pseudohermaphrodite (FPH, only ovary)
Male pseudohermaphrodite (MPH, only testis)

Intersex (for example) : a male with normal testis
but has female external genitalia (&xis< )
Female pseudo-hermaphrodite: a female with a
male external genitalia

Recall what you studied before

» Steroids with cortisol-like activity
Glucocorticoids * Potent metabolic regulators &
immunosuppressants

e Steroids with aldosterone-like activity
Mineralocorticoids  Promote renal sodium and water reabsorption,

and excretion of potassium. WAE
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S’reroidogenesis & CAH syndromes vou Neep 1o UNDERSTAN THESE TWO SLIDES ©

___________________________________________ 1 CONGENITAL ADRENAL HYPERPLASIAS

In congenital adrenal hyperplasia we have enzymatic _—
deficiency leading to appearance of signs and symptoms.

STEROID HORMONE SYNTHESIS

3-HYDROXYSTEROID
DEHYDROGENASE DEFICIENCY

® Virtually no gl ticoids, mil
corlicoids, or active androgens, or

*Notice that any enzyme deficiency will lead to deficiency Jwoowes, © Cholesterol (€27
Of COI‘tiSO|. ® Al paﬁenlshanh«nloge«it;lia. NA&mi

*Remember the hypothalamic-pituitary-adrenal axis:

17-0-HYDROXYLASE DEFICIENCY

® Virtually no sex hormones or cortisol are

Aldosterone Cortisol (C21) Estradiol (C18)

Hyperplasia : Because we don’t have cortisol WA‘
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Steroidogenesis & CAH syndromes Cont.
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As you can see in the picture, we have 4 enzymes that could be
deficient (21-alpha-hydroxylase being the most common)
1- 3-beta-hydrxysteroid dehydrogenase: a deficiency in this enzyme
will lead to deficiency to all the end products and accumulation of

pregnenolone.

2- 17-alpha-hydroxylase: a deficiency in this enzyme will lead to
deficiency of cortisol, testosterone and estradiol and accumulation
of progesterone and aldosterone “Aldosterone accumulate because

its pathway is the only pathway that remains intact so the whole

amount of progesterone get converted to it”, leading to

hypertension.

3- 21-alpha-hydroxylase: it catalyzes two reactions, so a deficiency
in this enzyme will lead to deficiency of aldosterone and cortisol
and accumulation of 17-alpha-hydroxyprogesterone leading to

accumulation of testosterone and estradiol. <l JS& juay

ofsw)ﬁ\&ﬂjj\}ﬂjﬂdj

4- 11-beta-hydroxylase: a deficiency in this enzyme will lead to
deficiency in cortisol and aldosterone and accumulation of 11-
deoxycorticosterone (which has the same effect as aldosterone, but
not stimulated by renin) and accumulation of 11-deoxycortisol and
androstenedione leading to accumulation of testosterone and
estradiol. The symptoms of this enzymatic deficiency are the same
of that in 21-alpha-hydroxylase, the only difference is that 11-beta-
hydroxylase deficiency patients have hypertension.

CONGENITAL ADRENAL HYPERPLASIAS

(CAH)

3-HYDROXYSTEROID \

DEHYDROGENASE DEFICIENCY

@ Virtually no gl ticoid:
corlicoids, or active androgens, or
estrogens,

® Marked salt excretion in urine.

® All patients have female genitalia.

17-0-HYDROXYLASE DEFICIENCY oy

® Virtually no sex hormones or cortisol are
produced,

® Increased production of mineralocorticoid
causes sodium and fluid ion and,
therefore, hypertension.

@ All patients have female genitalia,

21-0-HYDROXYLASE DEFIENCY

® Commonest form of CAH (>ninety percent).

# Partial and virtually complete deficiencies
are known.

©® Mineralocorticolds and glucocorticolds are
virtually absent (classic form) or deficient
(non-classic form).

® Overproduction of androgens leads to
masculinization of ext I genitalia in
females and early virilization in males.

11-D

.

11-~-HYDROXYLASE DEFICIENCY

® Decrease In serum cortisol,
aldosterone, and corticosterone.

® Increased production of
deoxycort one fluid
retention. Because this hormone
suppresses the renin/angiotensin
system, it causes low-renin
hypertension.

® Masculinization and virilization as with
21-«-hydroxlase deficlency.

(c21) 11-D

j.’ o o

STEROID HORMONE SYNTHESIS

Progesterone (C21)

T7-a .

17-w-Hydroxyprogesterone (C21)

ycortisol (C21)  Androstenedione (C18)

Testosterone (C19)

Estradiol (C18)

A

BIOCHEMISTRY TEAM 436



CAH syndromes

Congenital Adrenal Hyperplasia Syndromes

¢ Itis the result of an inherited enzyme defect in steroid biosynthesis
+* The condition might be fatal unless diagnosed early due to water depletion and hypovolemia.

® Cannot secrete cortisol = absent negative
feedback to the pituitary) = ACTH continues
to drive steroid biosynthesis = adrenal
hyperplasia and accumulation of cortisol
precursors (depending on which enzyme is

The adrenals lacking)

® Cannot secrete aldosterone = electrolyte
disturbances
1. Hyponatremia
2. Hyperkalemia

21 a-Hydroxylase deficiency
11 B-Hydroxylase deficiency
17 a-Hydroxylase deficiency
3 B-Hydroxysteroid dehydrogenase deficiency

CAH Syndromes

W e

A
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21 a-Hydroxylase deficiency

R/
0’0

The most common type of CAH (90%)

*

170-hydroxy-

Progesterone —
progesterone

Clinically:
Complete enzyme defect: T

[

I'm completing up there

stimulation of adrenal androgen
production -2 virilization in baby girls
& precocious puberty in boys.

Partial enzyme defect = late onset
form = menstrual irregularity &
hirsutism in young females.

Laboratory diagnosis: T plasma [17-

hydroxyprogesterone] as early as 4

days after birth (e s e 5ol

In [aboratory diagnosis, we measure the
molecules not the enzymes.

The most important molecule to be

measure is 17-hydroxyprogesterone.

?

Female

Ok.. Since I can’t proceed |

[

l I'm not enough

21 a-Hydroxylase

%)

11-Deoxycorticosterone 11-Deoxycortisol

Testosterone

Precocious sexual
development in &

v

Virilisation of 9

d

Male

A
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21 a-Hydroxylase deficiency

Autosomal recessive condition
Impaired synthesis of both cortisol & aldosterone

! [cortisol]>T ACTH secretion > Adrenal gland
hyperplasia

Accumulated 170-hydroxyprogesterone are diverted to the
biosynthesis of sex hormones =2 signs of androgen excess:

* Ambiguous (we don’t know if it’s a female or a male)
genitalia in newborn girls (FPH)

* Rapid postnatal growth in both sexes

Severe cases: mineralocorticoid deficiency = salt & H,0
loss = hypovolemia & shock = neonatal adrenal crisis

Late presentation (adult life) is possible in less severe cases

Mutations in the CYP21 gene
® Deletions
® Nonsense
® Missense

DNA testing:

For prenatal diagnosis and
confirmation of diagnosis

A
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21 a-Hydroxylase Deficiency: Diagnosis

* Serum sample taken at least 2 days after birth (earlier samples may
contain maternally derived 17-hydroxyprogesterone)

Classic (complete) deficiency is characterized by markedly
elevated serum levels of 17-hydroxyprogesterone

- ===
borderline results Lxie allay asdll ¢ gy Ll Ubal
Late-onset (partial) deficiency may require corticotropin OO Vs adi e sh 2aa3 5o Lab
(ACTH) stimulation test: Sy (5 gt i

|
|
|
|
|
|
:
|
|

hydroxyprogesterone. 17-alpha-hydroxyprogesterone increase > the
High level of 17-hydroxyprogesterone after diagnosis is confirmed
stimulation is diagnostic | = tTmommomommomomoooomoooomoo-o-oo-o- .

A
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11 B -Hydroxylase Deficiency

* leads to high concentrations of 11-deoxycortisol

170.-hydroxy-

Progesterone
progesterone

Androstenedione

* Leads to high levels of 11-deoxy-corticosterone 21 O

with mineralocorticoid effect (salt and water Hydroxylase §,
retention, hypertension) ! ! &
11-Deoxycorticosterone (11-Deoxycortisol Y
L
* Suppresses renin/angiotensin system ——» [ow ~Q§“
. . N
renin hypertension Qé
v . S
e Corticosterone Cortisol

*  Musculanization in females (FPH) and early Testosterone

virilization in males [ |

Virilisation of Precocious sexual

development in 3

<
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Female Male m
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To summarize

Questions from this picture:

*Which enzymatic deficiency would cause deficiency of

estradiol?

|
|
' *Which enzymatic deficiency would cause virilization?
|
|
|
|

CONGENITAL ADRENAL HYPERPLASIAS
(CAH)

3-HYDROXYSTEROID
DEHYDROGENASE DEFICIENCY

® Virtually no glucocorticoids, mineralo-
corlicoids, or aclive androgens, or
estrogens,

® Marked salt excretion in urine.
® All pati have f 1l itali

o

17--HYDROXYLASE DEFICIENCY

# Virtually no sex hormones or cortisol are
produced.

® Increased production of mi | ticoid
causes sodium and fluid retention and,
therefore, hypertension.

@ All patients have female genitalia,

21-:-HYDROXYLASE DEFIENCY

® Partial and virtually complete deficiencies

® Commonest form of CAH (>ninety percent).

STEROID HORMONE SYNTHESIS

Cholesterol (C27)

NADPH

Pregnenolone (C21)
S4{)-Hydroxysteroid
dehydrogenase

Progesterone (C21)

are known. 17-u-Hydroxylase
o Mi locorticolds and gl rticolds are
virtually ab (classic form) or defici 7-ce-Hyd "
(non-classic form). i o A e ot
® Overproduction of androgens leads to
ization of ext I genitalia in
females and early virilization in males.
. Y
11-Deoxycorti (C21) 11-Deoxycortisol (C21) And dione (C19)
11-p-Hydroxylase L
11{-HYDROXYLASE DEFICIENCY # v
® Decrease in serum cortisol, Corooaterons Testosterone (C19)
aldosterone, and corticosterone.
® Increased production of
deoxycorti one fluid
retention. Because this hormone
suppresses the renin/angiotensin
system, it causes low-renin
hypertension.
©® Masculinization and virilization as with
21-«-hydroxlase deficlency.
Y Y
Aldosterone Cortisol (C21) Estradiol (C18)

A
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Testicular Feminization Syndrome (Androgen Insensitivity Syndrome)

Disorders of Male Sexual

Differentiation

* They are rare group of disorders

* The defect may be in:

* Testosterone production
(impaired testosterone
production)

* Androgen receptors (inactive
androgen receptors - target
tissues CANNOT respond to
stimulation by circulating
testosterone; e.g., Testicular
feminization syndrome.

o /

Control of testicular function by
the gonadotrophins

Hypothalamus

GnRHlQ

Anterior Pituitary

Inhibin

Spermatogene51s

Testosterone

AR

Peripheral

tissue

A
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Testicular Feminization Syndrome

In peripheral tissue,
Androgen receptor testosterone will be
resistance leading to converted by

46,XY karyotype

high testosterone into

blood level = « Complete androgen insensitivity

feminization syndrome (CAIS): female external
genitalia with normal labia, clitoris, and
vaginal introitus (MPH)

Patients have normal testes & produce normal amounts of
(the function of this factor is inhibition
of the production of uterus and fallopian tubes), therefore, affected * Partial androgen insensitivity

individuals fallopian tubes, a uterus, or a proximal (upper) syndrome (PAIS): mildly virilized female

vagina. external genitalia (clitorimegaly without
other external anomalies) to mildly
undervirilized male external genitalia
(hypospadias and/or diminished penile
size)

A

BIOCHEMISTRY TEAM 436



Laboratory Diagnosis

1.

Karyotype: differentiate an undermasculinized male from a masculinized female.

Fluorescent in situ hybridization (FISH): Presence of a Y chromosome can be confirmed by
probes for the SRY region of the Y chromosome. These offer a much quicker turnaround time
than conventional karyotypes.

Increased (or normal) testosterone and dihydrotestosterone blood levels

DNA tests and mutation analysis for androgen receptor gene:

- Complete or partial gene deletions, point mutations, or small insertions/deletions

Imaging Studies “Pelvic ultrasound”:
*  Absence of fallopian tubes and uterus

A
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Summary

21-a-hydroxylase

11-B-hydroxylase

e Autosomal recessive
* based on severity of enzyme defect:
e complete enzyme defect
e increase adrenal androgen production
e partial defect
e [ate onset (menstrual irregularity)

e severe cases: mineralcorticoid defeciency leads to hypovolemia and shock (neonatal

adrenal crisis)
e Accumulated 17-a-hydroxyprogesterone > sex hormones
e Signs: ambiguous genitalia and rapid postnatal growth
e Lab:
¢ high plasma 17 hydroxyprogesterone (4 days after birth)
e classic: elevated serum levels of 17 hydroxyprogesterone
e late onset: ACTH stimulation test shows high 17 hydroxyprogesterone
e genetics: mutation in CYP21
e prenatal testing to confirm and diagnose

¢ high levels of 11 deoxycortisol and 11 deoxy-corticosterone

e salt and water retention

e suppress renin/Ag system> low renin hypertension

* Decrease in cortisol, aldosterone, and corticosterone

e clinical picture: masculinization in females and early virilization in females

A
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QUIZ

Q1 : Which of the following is the most common cause of congenital Q4 : Active estrogens absent glucocorticoids and absent

adrenal hyperplasia? mineral corticoids is related to which one of the following?
A. 21 alpha hydroxylase deficiency A. 17-alpha hydroxylase deficiency

B. 11 beta hydroxylase deficiency B. 21-alpha hydroxylase deficiency

C. 17 alpha hydroxylase deficiency C. 11-Beta hydroxylase deficiency

D. 23 beta hydroxylase deficiency D. 3 Beta hyroxysteroid dehydrogenase deficiency

Q5 : Which of the following explains testicular feminization
Q2 : Which of the following is a late complication of partial 21 syndrome ?
alpha hydroxylase deficiency ? A. Androgen receptors resistance
A. Virillization in baby girls B. Deficiency of hormones
Precocious puberty in boys C. Hypothalamus pituitary axis defect
D.

B.
C. Gigantism X-linked dominant disorder
D. Hirsutism

Q6 : Which of the following is correct about complete

Q3 : Which one of the following leads to high concentration of 11- androgen insensitivity ?

deoxycortisol? A. XY karyotype with external female genitalia
A. 21 alpha hydroxylase deficiency B. Mildly virilized female external genitalia

B. 11 beta hydroxylase deficiency C. Undervirilized male external genitalia

C. 17 alpha hydroxylase deficiency D. Hypospadias

D. 23 beta hydroxylase deficiency

A
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QUIZ

Q7 : 8 month old infant was brought to your clinic with his
mother.

She says that her son has weird looking genitalia for his gender,
her husband told her that she is imagining things but she
insisted on visiting a physician.

Upon clinical inspection and examination you found that her
son has female genitalia.

Upon karyotyping, XY karyotype was found.

A) Mention the name of this condition.

B) Explain the clinical presentation of this condition.

C) Name 3 tests used to diagnose this condition.

D) How can we make sure of absence of uterus and
Fallopian tubes in this condition?

Suggestions and
recommendations

A
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