FLAVIA AMANDA COSTA BARBOSA

SUPERIORIDADE DO 21-DEOXICORTISOL APOS ESTIMULO
COM ACTH EM RELACAO A 17-HIDROXIPROGESTERONA
NA DETECCAO DE HETEROZIGOTOS PARA A DEFICIENCIA DE
21-HIDROXILASE COM O USO DA ESPECTROMETRIA DE MASSA
EM TANDEM PRECEDIDA DE CROMATOGRAFIA LIQUIDA

Tese apresentada a Universidade Federal de Séo
Paulo — Escola Paulista de Medicina, para obtenc¢éo

do Titulo de Doutor em Ciéncias.

Séao Paulo
2009



Livros Gratis

http://www.livrosgratis.com.br

Milhares de livros gratis para download.



FLAVIA AMANDA COSTA BARBOSA

SUPERIORIDADE DO 21-DEOXICORTISOL APOS ESTIMULO
COM ACTH EM RELACAO A 17-HIDROXIPROGESTERONA
NA DETECCAO DE HETEROZIGOTOS PARA A DEFICIENCIA DE
21-HIDROXILASE COM O USO DA ESPECTROMETRIA DE MASSA
EM TANDEM PRECEDIDA DE CROMATOGRAFIA LIQUIDA

Tese apresentada a Universidade Federal de Séo
Paulo — Escola Paulista de Medicina, para obtenc¢édo

do Titulo de Doutor em Ciéncias.

Orientador:
Prof. Dr. Claudio Elias Kater

Co-orientadora:

Profa. Dra. Vania de Fatima Tonetto Fernandes

Séao Paulo
2009



Costa Barbosa, Flavia Amanda

Superioridade do 21-deoxicortisol ap6s estimulo com acth em relagdo a
17-hidroxiprogesterona na deteccdo de heterozigotos para a deficiéncia de
21-hidroxilase com o uso da espectrometria de massa em tandem precedida de
cromatografia liquida. Flavia Amanda Costa Barbosa -- Sdo Paulo, 2009.

ix, 79p

Tese (Doutorado) — Programa de Poés-graduacdo em Endocrinologia Clinica —
Universidade Federal de S&o Paulo. Escola Paulista de Medicina.

Orientador: Kater, Claudio Elias

Titulo em inglés: Superior discriminating value of ACTH-stimulated serum 21-
deoxycortisol over 17-hydroxyprogesterone in identifying heterozygote carriers for 21-
hydroxylase deficiency by tandem mass spectrometry after HPLC separation.

1. 21DF. 2. heterozigotos. 3. deficiéncia de 21-hidroxilase. 4.170HP. 5. LC- MS/MS




UNIVERSIDADE FEDERAL DE SAO PAULO
ESCOLA PAULISTA DE MEDICINA
DEPARTAMENTO DE MEDICINA
DISCIPLINA DE ENDOCRINOLOGIA

COORDENADOR DO PROGRAMA DE POS-GRADUACAO
EM ENDOCRINOLOGIA CLINICA:
Prof. Dr. Sérgio Atala Dib



FLAVIA AMANDA COSTA BARBOSA

SUPERIORIDADE DO 21-DEOXICORTISOL APOS ESTIMULO
COM ACTH EM RELACAO A 17-HIDROXIPROGESTERONA
NA DETECCAO DE HETEROZIGOTOS PARA A DEFICIENCIA DE
21-HIDROXILASE COM O USO DA ESPECTROMETRIA DE MASSA
EM TANDEM PRECEDIDA DE CROMATOGRAFIA LIQUIDA.

Presidente da Banca:

Prof. Dr. Claudio Elias Kater

Banca examinadora:
Tania Aparecida S. Sanchez Bachega
Margaret de Castro
José Antonio M. Marcondes

Ivani Novato Silva

Suplentes:
Daniela Espindola Antunes

Sofia Helena Valente Lemos-Marini



Esta tese é dedicada

A meu pai Aguinaldo e minha mde Maria Francisca, que acreditaram e
cultivaram (e ainda cultivam) os sonhos que eu me meus irmdos tivemos
até hoje. Sem a auddcia de Aguinaldo e Francisca, o sonho de me formar
médica, e agora, completar mais um ciclo profissional ndo teria
acontecido. Meus pais me ensinaram que com humildade,
responsabilidade e coragem, os obstdculos podem ser vencidos a cada
instante. Ndo existe dificuldade quando queremos alcangar nossos
objetivos. Mesmo na derrota, devemos levantar a cabega, sequir em
frente. Hoje na conquista didria da vida, os vejo cada vez mais
orgulhosos do passos largos que tiveram no passado, e agora no presente,

ainda nos empurram para um futuro de sucesso profissional e pessoal.

Aos meus irmdos Alysson e Aguinaldo Junior, que fizeram parte de toda
minha jornada até aqui. Aly aceitou o desafio de estudar medicina
comigo no Rio de Janeiro, e a historia profissional dos trés irmdos Costa-
Barbosa comegou, e hoje estamos aqui, intensamente tealizados
profissionalmente. Acho que os trés irmdos nunca se esquecerdo de cada
momento de [uta ndo s6 no Rio, mas em_Aracatuba, Ribeirdo Preto e Sdo

Paulo para chegarmos até aqui.



Meu esposo e meu maior fd Marcelo. Ele é daqueles que se emocionam a
cada momento de alegria, e tenta sempre uma solu¢do para cada derrota.
Mesmo com tudo que jd passamos até esse momento, sente orgulho de

estar ao meu lado, e [uta para alcancarmos nossa plena felicidade.
Ndo posso me esquecer de minha tia Roseli, que sempre participou de

perto, mesmo que alguns quildmetros de distdncia, de toda essa jornada

que agora estou completando.

Vi



AGRADECIMENTOS

Ao Prof. Dr. Claudio Elias Kater, meu, orientador meu mestre, amigo, mentor. Desde 0
inicio da vida académica ainda na faculdade, possuia admiracéo pelos seus estudos, essa
que aumentou durante a residéncia médica. Apos me deslumbrar pelo seu jeito calmo e
diferenciado de ministrar aulas, enfim, queria aprender e desenvolver minha vida
académica com alguém com tanta experiéncia. Foi o que fiz; comecei a pds-graduacao,
ainda crua de conhecimento. Mas prestava atencdo em cada discussdo clinica, aula, e nas
cobrancgas. Cada “bronca” na verdade era um alerta, uma licdo a ser anotada. E acho que
aos poucos, comecei a entender, qual era seu segredo de “perfeicdo”: é a paixao pela vida
académica, mesmo com todas as dificuldades, e a satisfacdo por aquilo que esta fazendo.

De repente, sua luz me inspirou a colher os primeiros frutos na vida académica.

Além de orientador académico, aprendi a ouvir seus conselhos profissionais. E ainda,
ganhei um amigo, que esteve em um dos momentos mais felizes da minha vida, que foi
meu casamento. Ainda busco respostas para o futuro proximo, mas com certeza, ainda

esperarei suas palavras para continuar caminhando agora, sozinha !!!

Realmente meu agradecimento se resume ndo apenas em um obrigado, mas em uma
gratiddo infinita. E claro, estardo sempre convidados, Dr. Claudio, Estela e Kenzo em
todos os eventos familiares, inclusive almocgar em casa, € claro, quando a mamée ou a baba

estiverem em casa, para sair uma refeicdo mais saborosa...

vii



Ao Prof. Dr. José Gilberto Vieira, que me abriu as portas para continuidade do estudo com
0 uso do LC-MS/MS. Valdemir Carvalho e Odete Nakamura pelas orientacOes dessa

metodologia.

A amiga Vania que participou do nascimento e construcdo dessa tese. Mesmo com o
Lorenzo quase chegando, |4 estava ela para orientar como eu faria minha primeira
apresentacdo oral em um congresso, e sempre esteve a disposicdo mesmo nos momentos

dificeis.

A equipe do LIM-42 especialmente, Profa. Dra. Tania Bachega, pelo suporte e

ensinamentos. Vivian Moura pelo apoio pratico na bancada.

Ao grupo da Unidade de Adrenal e Hipertensdo, Dra. Martha Huayllas, Dra. Regina do

Carmo Silva e Dra. Dolores Pardini, pelo conhecimento e incentivo.

Aos meus colegas de Pos-Graduacdo, que agora sdo amigos. Os mais velhinhos: Daniela
Espindola Antunes, Viviane Chaves de Carvalho, Maria Silvia Caetano Ronconi, Marcos
Neres, Mariana, Martha Huayllas, e os babys, Nataly e Jose Junior, sofredores continuos

dessa batalha que é completar a p6s-graduacao.

Ao grupo do laboratério de esterdides, Lilian Fukusima Hayashi, Kelly C. de Oliveira,
Ivonne F. Bianco, pelo suporte técnico. Em especial agradeco a Samia S. Cavassani e
Eduardo Kinio que sempre torceram, e participaram com afinco das conquistas dos pés-

graduandos da adrenal.

Meu amigo, quase irmdo e agora “socio” Rodolfo, que incansavelmente, durante os 9 anos
de convivéncia: moradia, residéncia, pos-graduacdo, aglienta mutuamente as reclamacoes e

desabafos. A amiga Milena Teles pela sabia revisdo dos artigos.

As secretarias da pos-graduacdo Amaryllis Salzano e Yeda Queiroga Confessor pela

atencdo, prontiddo e paciéncia.

A todos os pais e pacientes envolvidos, especialmente do grupo vida, que permitiram a

realizacéo do estudo.

E, especialmente a Deus, que em cada passo que caminho, seu olhar por mim me ilumina e

me abengoa em todos 0s momentos...

viii



SUMARIO

DediCatOria . . . . e

AQradeCimentos . . . ..ot

1.

2.

INTRODUCAO E OBJETIVOS . ...\ttt

ARTIGO 1:
Superior discriminating value of ACTH-stimulated serum 21-deoxycortisol
in identifying heterozygote carriers for 21-hydroxylase deficiency ............
ARTIGO 2:
Genotype correlations with 21-deoxycortisol and 17-hydroxyprogesterone in
classic and nonclassic patients and heterozygote carriers for 21-hydroxylase
deficiency validated by CYP21A2 molecularanalysis . .....................
ARTIGO 3:

Zona fasciculata 21-hydroxysteroids and precursor-to-product ratios in 21-
hydroxylase deficiency: further characterization of classic and nonclassic
patients and heterozygote carriers . . ...

PRINCIPAIS ACHADOS, CONCLUSOES E NOVAS DIRECOES ..........

ANEXOS . .

44



1. Introdugdo e Objetivos



INTRODUCAO

Introducéao

A hiperplasia adrenal congénita (HAC) engloba um grupo de doengas de
heranca autossOmica recessiva e que sSe caracteriza pelo comprometimento da
esteroidogénese adrenocortical . Os mecanismos fisiopatoldgicos desta doenca foram
melhores esclarecidos quando a sua natureza genética foi desvendada e as anormalidades
hormonais caracterizadas na década de 1950 “?. Mais de 90% dos casos de HAC

decorrem de mutacGes do gene que codifica a enzima 21-hidroxilase (CYP21A2).

Como o defeito fundamental na HAC por deficiéncia de 21-hidroxilase
(D210H) ocorre na sintese de cortisol, a elevacdo subsequente do ACTH torna as adrenais
hiperplasicas e hiperestimuladas, produzindo um excesso de precursores esterdides e
horménios sexuais que ndo requerem 21-hidroxilacdo para sua sintese. Como
consequéncia, a manifestacdo clinica principal da D210H ¢é a virilizagdo desde o periodo
intra-uterino com desenvolvimento de genitalia ambigua em meninas e macrogenitossomia
em meninos, além de crescimento somatico acelerado e fusdo epifisaria prematura em

ambos 0S Sexos.

Aproximadamente 75% dos pacientes também sdo incapazes de sintetizar
aldosterona em niveis suficientes para manutencdo do balanco hidro-eletrolitico,
predispondo-os ao desenvolvimento de desidratacdo e choque hipovolémico e 6bito. Essas
s80 formas mais graves denominadas de “perdedoras de sal” (PS). Aqueles pacientes com
virilizacdo pré-natal e niveis elevados de precursores esterdides, mas com producao
preservada de aldosterona, da-se o nome de forma “virilizante simples” (VS). Tanto a PS

com a VS sdo reconhecidas como “formas classicas” da doenga .

A forma ndo classica (NC) manifesta-se mais tardiamente e de maneira mais
leve, com sinais e sintomas mais discretos de hiperandrogenismo desde a infancia até a
vida adulta. A forma NC pode ser também assintomatica, sendo comumente detectada
apenas durante investigacdo bioquimica e ou molecular de familiares de individuos

afetados @,

Por fim, os heterozigotos séo individuos carreadores de mutacdes do gene
da CYP21 presentes em apenas um dos alelos. Apesar de assintomaticos ©”, alguns
estudos mostram uma prevaléncia maior de hirsutismo ou acne em mulheres dessa

populacdo &9,
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A atividade residual da enzima 21-hidroxilase (210H) reflete as mutacdes
do gene da CYP21A2, existindo uma correlacdo gendtipo-fenotipo significativa nos casos
de D210H “Y. Os gendtipos do grupo A, que resultam em atividade enzimatica nula, estdo
relacionados com o fendtipo PS. Nas mutacGes moderadas, ou com gendtipo do grupo B, a
atividade residual da 210H é de cerca de 3-7%, resultando nas formas VS. J& nas mutacgdes
consideradas leves, ou genotipo do grupo C, a atividade enzimatica é de 20-50%, sendo

relacionadas as formas NC @*19,

Como uma grande parcela dos individuos afetados é de heterozigotos
compostos (mutacBes diversas nos diferentes alelos), seu fenétipo reflete o alelo com
mutacdo mais leve @'V, Por isso, apesar da D210H ter padrdo de heranca autossomico
recessivo, ndo obedece a um “padrdo mendeliano” exato. Deste modo, 0 emprego do termo
“heterozigoto” para individuos que carreiam apenas um alelo mutante, é inadequado.
Mesmo assim, por ja estar consagrada em textos médicos, manteremos essa terminologia,
até por que o emprego dos termos “carreadores” ou “portadores” pode causar até maior

confusao.

Estudos de rastreamento neonatal mostram que a incidéncia das formas
classicas (PS e VS) pode variar de 1:10.000 a 1:18.000 nascimentos vivos ). Recente
estudo estimou a incidéncia da forma classica no Brasil em 1:10.325 nascidos vivos ™. No
entanto, a forma NC é muito mais prevalente, e atinge aproximadamente 0,1% da
populacdo geral ®, com maior incidéncia entre os judeus Askenazi (1:27 individuos).
Outros grupos com alta freqliéncia incluem os hispénicos (1:40), eslavos (1:50) e italo-
americanos (1:300) “ *¥. Esses dados comprovam que a forma NC é a doenca de padréo
autossdmico recessiva mais comum no homem . A frequéncia de heterozigotos para a
forma classica da D210OH é de 1:60 individuos, enquanto para a forma NC estima-se que

seja de 1:16 individuos, podendo chegar a até 1:3 em judeus do leste europeu ¢**1%).

O marcador bioquimico da D210H ¢ a 17-hidroxiprogesterona (170HP),
precursor imediato da 210H; assim, o diagnéstico da D210H fundamenta-se na elevacao
de seus niveis séricos @), Niveis basais elevados da 170HP sdo diagndsticos para as
formas classicas da D210H; porém, geralmente sdo insuficientes para o diagnéstico da
forma NC. Para isso, a dosagem de 170HP ap6s 60 minutos da administracdo intravenosa
de ACTH sintéetico (cosintropina) mostra-se essencial para caracterizagdo desse grupo de

pacientes.
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O valor de corte tradicionalmente utilizado para o0s niveis de 170HP ap0s
estimulo com ACTH é de 1.000 ng/dL (instituido num periodo prévio a avaliagdo do gene
da CYP21). Valores acima desse limite de corte sdo compativeis com a forma NC 19,
enguanto valores abaixo ndo discriminariam entre heterozigotos e individuos da populacéo
normal. No entanto, com a introducdo da genotipagem da CYP21A2, Azziz et al © e
Bachega et al ™", propuseram valores diagnésticos minimos de 170HP apés estimulo com
ACTH respectivamente de 1.500 e 1.700 ng/dL para a forma NC. Assim, valores limites
precisos de 170OHP para diagnostico da forma NC da D210OH ainda ndo foram
definitivamente estabelecidos.

Estudos prévios mostraram correlacdo significativa entre genotipo e niveis
de 170HP nas diferentes formas de D210H, com valores mais elevados nas formas
classicas, seguidos da forma NC e heterozigotos. Dentre a forma NC, alelos com mutacgdes
graves (gen6tipo A/C) apresentam niveis mais elevados de 170HP apds-ACTH, do que

aqueles com mutacdes mais leves (genétipo C/C) *"®

. Em heterozigotos, ndo héa
correlacdo entre os niveis de resposta da 170HP ap6s-ACTH com mutacdes do gene

CYP21 no alelo afetado ¥,

Como a D210H é uma doenca de morbidade importante e de apresentacdo
clinica variavel (desde assintomatica até evolucdo para 6bito), a deteccdo de heterozigotos
e o aconselhamento genético aos familiares de risco, principalmente em populacdes de

maior incidéncia, torna-se critico.

Apesar de a biologia molecular permitir a identificacdo dos heterozigotos, a
genotipagem é pouco disponivel e de custo elevado; por isso, o emprego de marcador
bioquimico poderia facilitar a triagem diagnostica dessa populacdo. O emprego da
dosagem sérica da 170HP para deteccdo de heterozigotos ndo apresenta boa precisdo
diagnostica pela grande sobreposicdo de valores basais e estimulados (20-70%) com a

populagdo normal °-2).

Por outro lado, o 21-deoxicortisol (21DF) é um esteroide originado de uma
via alternativa resultante dallp-hidroxilacdo da 170HP no cortex adrenal. Essa via €
praticamente inativa em individuos normais, porém assume importancia nos pacientes com
D210H ®®. Louriax et al “® foram os primeiros a reportar niveis elevados de 21DF em

pacientes com D210H, e estudos posteriores confirmaram o papel da dosagem sérica do
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21DF na deteccdo de “heterozigotos” para a D210H @7, Fiet et al ®>% documentaram que
0s niveis de 21DF em resposta ao estimulo com ACTH mostram sensibilidade proxima de
100% na deteccdo dessa populacdo. Portanto, o 21DF ap6s-ACTH poderia ser utilizado
como um “marcador” bioquimico eficiente na deteccdo de heterozigotos para a D210H,
com valores de corte entre (60-70 ng/dL). Foram estabelecidos também por Fiet et al @)
valores diagnosticos para a forma NC de 21DF apds-ACTH: 400 ng/dL. No entanto,
estudos mais recentes conjugando a genética molecular para confirmacao das diferentes
populacgdes, evidenciaram que muitos individuos aparentemente normais (sem mutacao do
gene CYP21) apresentavam niveis acima de 60-70 ng/dL, atenuando a sensibilidade do
21DF previamente descrita 2. Entretanto, valores falso-positivos poderiam também ser
devidos a imprecisdo metodoldgica dos radioimunoensaios empregados (apesar dos

procedimentos de prévios de extracao) %,

Apesar de pouco empregados no diagnostico da D210H, a caracterizacdo
dos esteroides distais ao bloqueio enzimético, como o 11-deoxicortisol (S) e o cortisol (F),
produtos da via 17-hidroxilada, e a deoxicorticosterona (DOC) e a corticosterona (B),
produtos da via ndo 17-hidroxilada da zona fasciculada (ZF), poderiam ser
complementares na caracterizacdo das diferentes formas de D210H ®*%). Mais
especificamente, as relagcdes envolvendo precursores e produtos da 210H, como a 170HP
e 0 21DF sobre S, DOC e B, poderiam ser importantes instrumentos diagndsticos para a
deteccdo de heterozigotos. Algumas dessas relacbes, como a 170HP/DOC e a
170HP/180HDOC, foram estudadas anteriormente ®°%, sem, entretanto, a devida

comprovacao molecular das populagdes.

Na dltima década, a espectrometria de massa em tandem precedida da
cromatografia liquida (LC-MS/MS), tornou-se o método ideal para a quantificacdo de
esterdides @, além de sua vantagem em dosar vérios esterdides simultaneamente em
pequeno intervalo de tempo (minutos). Enquanto a cromatografia prévia possibilita a
separacdo de esterdides de peso molecular semelhante (isdmeros), o MS/MS utiliza a
relacdo massa/carga elétrica gerada pela fragmentacdo dos diversos esteroides,

permitindo sua caracterizagdo com excelente especificidade (39,




OBJETIVOS

Objetivos

Com base no emprego da metodologia de LC-MS/MS para a dosagem de

esterdides séricos, e na caracterizacdo precisa dos grupos estudados pelo emprego da

genotipagem da CYP21A2, o presente estudo se propos a:

(a)

(b)

(©

examinar a possivel vantagem da dosagem sérica basal e apos
estimulo com ACTH do 21DF em relagdo a 170HP na
diferenciacdo entre heterozigotos para a D210H e individuos
normais e estabelecer valores de corte (cutoffs) desses esterdides nessas
populacgdes;

avaliar o comportamento dos esterdides distais ao bloqueio da 21-
hidroxilase (S, DOC e B), tanto individualmente como através da
relagdo com seus precursores - 170HP e 21DF -, nos diferentes
subtipos de D210OH (pacientes com a forma cléssica e ndo classica),

heterozigotos e individuos normais;

realizar o estudo de frequéncia das mutacOes detectadas nos pacientes
com a D210H, e correlacionar os niveis de 21DF e 170HP nos
diversos grupos genotipicos de pacientes e de heterozigotos para a
D210H.
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Abstract

Background: Congenital adrenal hyperplasia due to classic 21-hydroxylase deficiency (210HD) is
an autosomal recessive disorder with a high prevalence of asymptomatic heterozygote carriers in
the general population, making case detection desirable by routine methodology. Carriers for
classic and nonclassic (NC) forms have basal and ACTH-stimulated values of 17-
hydroxyprogesterone (170HP) that fail to discriminate them from the general population. 21-
Deoxycortisol (21DF), an 11-hydroxylated derivative of 170HP, could be an alternative approach
to identify carriers for 210HD. Objective and Methods: To determine the discriminating value of
basal and ACTH-stimulated serum levels of 21DF in comparison to 170HP in a population of
genotypically-confirmed carriers for 210HD (n=62), as well as in affected patients (31 classic; 12
NC) and in 26 genotypically normal control subjects (CS), using tandem mass spectrometry after
HPLC separation (LC-MS/MS). Results: Basal 21DF levels were not different between carriers
and CS, but stimulated values were significantly increased in the former and virtually non-
responsive in CS. Only 17.7 % of the ACTH-stimulated 21DF levels overlapped with CS, as
compared to 46.8 % for 170HP. For 100 % specificity, the sensitivities achieved for ACTH-
stimulated 21DF and 170HP were 82.3 % and 53.2 %, using cutoffs of 40 ng/dL and 298 ng/dL,
respectively. A positive and highly significant correlation (r= 0.785; p<0.0001) was observed
between 21DF and 170HP. Conclusion: This study confirms the superiority of ACTH-stimulated
21DF, as compared to 170HP, measured by LC-MS/MS, in identifying carriers for 210HD. Serum
21DF could be useful in genetic counseling to screen carriers among relatives in families with

affected subjects, supporting molecular results.
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Introduction

21-Hydroxylase deficiency (210OHD) is an autosomal recessive disorder that results in
the most frequent form of congenital adrenal hyperplasia (CAH). According to the mutation
affecting the CYP21A2 gene, 210HD will manifest in two clinical forms: classic and nonclassic
(NC). The former, which is further subdivided into two types — with or without sodium loss (or
simple virilizing) — manifests early in life, whereas the latter is either asymptomatic or diagnosed
around puberty, especially in girls ¢2.

The prevalence of asymptomatic carriers for the disease in the general population has
been estimated from 1:50 (classic form) to as high as 1:16 (NC form) ©); in Ashkenazi Jews the

carrier frequency is even higher, at 1:3 @,

Elevated plasma 17-hydroxyprogesterone (170HP) is the hallmark of 210HD:
whereas basal levels are extremely high in classic 210HD, NC patients may have normal to
slightly elevated basal levels, but a marked increase following ACTH stimulation ©7.
Carriers for both classic and NC forms have basal and ACTH-stimulated values of 170HP that fail
to discriminate them from the general population, although the response to ACTH tends to be
higher in carriers ®. Thus, molecular analysis of the CYP21A2 gene is critical to distinguish
between the several forms of 210HD, including the carrier status; however, this methodology is
time consuming and not widely available. 21-Deoxycortisol (21DF) is an 11-hydroxylated
derivative of 170HP produced solely in the adrenal cortex. Because this pathway is negligible in
normal subjects, serum 21DF seems useful as an alternative approach to screen carriers for
210HD ©. Previous studies suggested that ACTH-stimulated serum levels of 21DF are more
sensitive than 170HP in identifying 210HD carriers among the general population, using

immunoassay methods @V,

In the present study, we employed tandem mass spectrometry after HPLC separation (LC-
MS/MS) to determine the discriminatory value of basal and ACTH-stimulated serum levels of 21DF in
comparison to 170HP in a cohort of genotypically-confirmed heterozygote carriers for classic and NC

210HD, as well as in affected patients and in genotypically normal control subjects (CS).

Subjects and Methods

Subjects

The study encompassed 132 individuals: (a) 61 obligatory carriers (32F/29M; 23-62y;

median: 39y) who were parents of affected patients with 210HD followed in our institution (53
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had children with the classic and 8 with the NC form); (b) 41 affected patients (probands) with
210HD: 31 with the classic (21F/10M; 1-23y; median: 11y) and 10 with the NC forms (10F; 4-
42y; median: 17.5y); and (c) 30 normal control subjects (CS; 19F/11M; 23-62y; median: 37y).

All carriers and CS denied the use of steroids or other medications that could
potentially interfere with the study protocol, except for three female carriers who were on oral
contraceptives. All adult women were pre-menopausal, except for three female carriers who were
into menopause for at least 3y with no replacement therapy. Clinical hyperandrogenism was an
exclusion criterion for normal control women. All 210HD patients who were followed on regular

replacement therapy had their medications withheld for 48h before the study.

The protocol was previously approved by the Ethics Committee of all institutions
involved in the study and informed written consent was obtained from all participants and/or their

responsible.

Methods

All subjects were submitted to an ACTH stimulation test (Synacthen®, Novartis, 250
ug 1V bolus) performed in the morning, after overnight fasting, with blood samples drawn at 0
(between 0800 h and 0900 h) and 60 min after injection, except for nine 210HD classic patients
who had only baseline blood drawn at the time of diagnosis. An extra sample was also drawn at
time O for molecular studies. All pre-menopausal women were studied in the early follicular phase
of the menstrual cycle. Serum was separated within 2 h from collection and kept frozen at -20 °C

until assayed.

Hormonal Assays

Serum 21DF, 170HP, and cortisol were simultaneously determined in each sample by
LC-MS/MS after on-line extraction, according to a recently described method ®. The intra- and
inter-assay coefficients of variation for 21DF, 170HP, and cortisol were 10 % and 13.3%, 7.5%
and 7.9%, and 3.0% and 8.7%, respectively. Quantification limits were respectively: 24 ng/dL,
15 ng/dL and 0.45 pg/dL. To convert metric (ng/dL) to Sl units (nmol/L) multiply 21DF by 0.0289
and 170HP by 0.0303; to convert pg/dL to nmol/L multiply cortisol by 27.6.
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Molecular Analysis

DNA samples were extracted from peripheral blood leukocytes by standard
procedures. DNA of the parents were screened for the point mutations found in the index case by
allelic specific PCR **'%. Complete CYP21A2 gene sequencing ““ was performed: (a) in all CS;
(b) whenever stimulated 170HP was higher than 1,000 ng/dL ), and/or (c) if no mutations were

detected in the carriers.

Subjects Relocation

After genotyping, and regardless of hormonal results, several relocations were
mandatory among the participants: (a) two former male carriers (classic form) were found to be
affected NC 210HD patients; (b) four of the former CS were found to be carriers for 210HD: two
for the NC and one for the classic form; the fourth presents a new intronic substitution that is
presently under investigation; thus, this patient was excluded awaiting further definition. All others

were properly relocated.

After regrouping, the final numbers used for statistical analysis were: (a) 62 carriers,
52 of whom with the classic (27F/25M; 23-62y) and 10 with the NC form (7F/3M; 29-45y), (2) 31
classic (21F/10M; 1-23y) and 12 NC patients (10F/2M; 9-58y), and (3) 26 CS (15F/11M; 23-65y).

Statistical Analysis

Statistical Package for the Social Sciences for Windows, Version 13.0 (SPSS Inc.
Chicago, IL, USA) was used for calculations. Receiver operator characteristics (ROC) curves were
used to define the cutoff points for ACTH-stimulated serum 21DF and 170HP in the
genotypically-confirmed populations of 210HD carriers and CS. The one-way non-parametric
ANOVA Mann-Whitney U test was used for comparisons between groups. For statistical purposes,
all values below the quantification limit for the particular steroid were arbitrarily considered equal
to the quantification level divided by the square root of 2 (therefore defining an average number for

all undetectable values).

All results are presented in the text and tables as the mean = SD and the median (and
range) for all three steroids in the several groups. All statistical differences <0.05 (5%) were

considered significant.
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Results

Any comparison with the 210HD patients would have to consider that their
replacement therapy was withheld for only 48 h (for ethical reasons), a period not necessarily
sufficient to permit a full reemergence of the pre-treatment steroid profile. This consideration is
particularly true when analyzing the overlap of serum 21DF values that occurred between 210HD
patients and carriers in this study.

Because there were no statistical differences between classic and NC carriers for all
three steroids (table 1), both groups were subsequently combined for statistical purposes and named

simply 210HD carriers.

21DF (table 1; figure 1)

Although stimulated 21DF values were similarly elevated in classic and NC 210HD
patients, basal levels were significantly higher in the former (p<0.0001). Basal 21DF levels were
higher in carriers than CS (p<0.04), and stimulated values were significantly increased in the
former (p<0.0001) and virtually non-responsive in CS. While basal 21DF was undetectable in all
but 9 carriers (14.5 %) and all CS, post-ACTH values remained undetectable in only 6 carriers (9.7
%), but in all CS, except two in whom values were barely above detection (29.5 and 39 ng/dL)
(figure 1).

Only 11 out of the 62 carriers (17.7%) overlapped with CS regarding stimulated
21DF. Thus, 82.3% of the carriers had 21DF above 39 ng/dL, the highest normal post-ACTH

value.

In the conditions of the study (short term glucocorticoid withdrawal), six out of the
forty-three 210HD patients (5 classic and 1 NC), still had ACTH-stimulated 21DF values that
overlapped with carriers. Nevertheless, the lowest basal and post-ACTH 21DF levels observed in
the six untreated NC patients (164 and 1,319 ng/dL) were above the upper limits observed in
carriers (76 and 412 ng/dL, respectively).

170HP (table 1, figure 1)

Classic 210HD patients had both basal and stimulated 170HP levels that were
significantly increased as compared to NC patients (p<0.0001). Although basal 170HP levels were
not different between carriers and CS, stimulated levels were significantly higher in the former

(p<0.0001); however, individual post-ACTH 170HP values disclosed an important overlap with
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CS (29 out of 62 carriers; 46.8 %) (figure 1). Thus, only 53.2 % of the carriers had values above the
upper normal limit (298 ng/dL).

Correlation between 21DF and 170HP (figure 2)

A positive and highly significant correlation (r= 0.7854; p<0.0001) was observed
between all 21DF and 170HP pairs of values (basal and post-ACTH; n= 201) obtained from all
carriers and classic and NC 210HD patients.

Cortisol (table 1)

Classic 210HD patients had low basal and ACTH-unresponsive cortisol levels,
whereas NC patients had normal basal but impaired responses. 210HD carriers had both basal and

post-ACTH cortisol values that were virtually identical to CS.

ROC Curve

Basal levels of both 21DF and 170HP were not accurate enough to separate 210HD
carriers from CS, but when ACTH-stimulated values were used, the area-under-the-curve (AUC)
for 21DF was significantly larger than that for 170HP (0.944 and 0.858, respectively; p<0.0001).
Also, the cutoff point defined for ACTH-stimulated 21DF — 32.7 ng/dL -, provided 87.1 %
sensitivity and 96.2 % specificity for distinguishing carriers from CS, whereas that for 1770HP —
200 ng/dL -, conferred only 82.3 % sensitivity and 84.6 % specificity. For 100 % specificity, the
sensitivities achieved for ACTH-stimulated 21DF and 170HP were 82.3 % (40 ng/dL) and 53.2 %
(298 ng/dL), respectively.

Discussion

In its classic form, 210HD is a serious and even fatal disease. Because the prevalence
of heterozygote carriers for 210HD in the general population is high, and obviously higher among
populations at risk (e.g.: relatives in families with an affected patient) ©), their screening and case
detection using routine methodology is greatly desirable. In the present study we demonstrate the
advantage of ACTH-stimulated serum levels of 21DF in comparison to 170HP (both determined
by LC-MS/MS) in distinguishing genotypically-confirmed carriers for 220HD from normal control
individuals (“wild-types” for CYP21A2 gene mutations).
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Serum/plasma 170HP has been generally considered the best biochemical marker for
the diagnosis of 210HD. However, it is also known that ACTH-stimulated 170OHP fails to identify
the carrier state in 20 % to 71 % of the cases “**9. Considerable overlap is also observed between
carriers and normal controls using the incremental rate of 170OHP (in ng/dL/min) following ACTH
infusion @2, The same difficulty was shown when ACTH stimulation was preceded by adrenal
suppression with overnight dexamethasone ®”. Somewnhat better results were reported with the use
of substrate/product steroid ratios after ACTH stimulation: 170HP:18-hydroxy-
deoxycorticosterone (180HDOC) ratio disclosed 94 % separation ??, whereas 170HP:DOC ratio

was reported in one study to result in 100 % separation @,

Moreover, the methodology for steroid quantification has advanced from classic
radioimmunoassay ““? to up-to-date highly specific tandem mass spectrometry preceded by liquid
or gas chromatography %27, in special for steroids whose determinations are not widely available,
as 21DF ®)_ Because 21DF is an 11B-hydroxy-derivative of 170HP and its production is limited to
the adrenal cortex, its serum levels are significantly and concurrently elevated in the affected
patient with 210HD, whereas its production is virtually nil in normal subjects ®®. Thus, 21DF
response to ACTH stimulation might be a distinctive feature of the carrier state, as has been
proposed in previous studies “**3%) The strong positive correlation observed between 21DF and
170HP in our carrier population, as well as in 210HD classic and NC patients, indicates the

functionality of this otherwise inactive pathway.

Using a cutoff point of 40 ng/dL for ACTH-stimulated 21DF we could discriminate
carriers from CS with greater accuracy than using 298 ng/dL for ACTH-stimulated 170HP (82.3%
vs 53.2% sensitivity, for 100% specificity). Also, different from Tardy et al “¥, who detected
“some normal genotyped subjects with post-ACTH 21DF higher than 50 ng/dL”, and Bidet et
al ®, who found 3 out of 37 (8.1%) “unaffected subjects” with values higher than 53 ng/dL, none
of our genotypically-confirmed CS had ACTH-stimulated 21DF values above 40 ng/dL. Thus, the
LC-MS/MS methodology employed in the present study to measure 21DF seems to warrant enough

consistency to recommend its use towards the detection of carriers for 2LOHD.

In our series, one female carrier had exaggerated 21DF and cortisol responses to
ACTH (412 ng/dL and 37.9 pg/dL, respectively, - the highest values among carriers), in face of
moderately elevated 170HP (960 ng/dL). Subsequently, she admitted the use of a contraceptive pill
for 21 days before the study. Similar but less apparent values were observed for the other two
carriers who were also on birth control pills (21DF: 187 and 171 ng/dL; cortisol: 32.7 and 23.1
pg/dL). Pregnancy and use of estrogen/progesterone products are known to be associated with
elevated cortisol and 21DF levels due to the increased concentration of cortisol binding globulin

(18). Thus, caution must be exerted whenever ACTH-stimulated cortisol levels are above 30
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po/dL, since they could be related to falsely elevated 21DF and 170HP (and false-positive case
detection of carriers) ™. On the other hand, six carriers (4 classic and 2 NC) had unresponsive
21DF after ACTH (< 17 ng/dL), similar to most CS. Although only one admitted the use of
corticosteroid medications, we could not exclude the unintentional use of corticosteroid-containing
creams and nasal sprays that could impair 21DF response to ACTH. In fact, several affected
patients in our study had low ACTH-stimulated 21DF levels that overlapped with carriers, different
from their respective 170HP levels that clearly segregate. In view of the short corticosteroid
withdrawal period in these patients, reemergence of 170HP seems to precede that of 21DF,

suggesting that the latter is more sensitive to ACTH suppression.

These data validate the superiority of ACTH-stimulated serum 21DF, as compared to
170HP - both measured by LC-MS/MS -, in identifying carriers for 210HD. Even though
molecular analysis is the “gold standard” in diagnosing subtypes of 210HD, serum 21DF seems to
be a useful tool in genetic counseling to screen for carriers among relatives in families with
affected subjects, supporting molecular results. A further gain in assay sensitivity for 21DF will

hopefully permit a better separation in the near future.
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Table 1: Mean (xSD) and median [range] of basal and post-ACTH cortisol, 170H-progesterone
(170HP), and 21-deoxycortisol (21DF), in patients with 210HD (22 classic; 12 NC), carriers (52
classic; 10 NC), and 26 control subjects. (despite being presented in separate, classic and NC

carriers were combined for statistical analysis).

21DF (ng/dL) 170HP (ng/dL) Cortisol (ug/dL)

Basal Post-ACTH Basal Post-ACTH Basal Post-ACTH
Classic 1,238+1,692*  1,438+1,656% 12,841+8,855* 15,329+10,108*  1.1+1.2* 1.141.1*
210HD 463 748 11,346 14,651 0.6 0.7
Patients [154-7,079]  [143-6,326]  [816-34,911]  [1,185-40,090] [0.2-4.4] [0.2-3.3]
Nonclassic 30043951  1,577+1,094t 2,113+3,535t  7,095+3,339+ 11.345.3 16.5+6.41
210HD 161 1,260 1,068 6,649 9.7 14.8
patients [47-1,423] [302-3,619]  [574-13,293] [3,008-13,256]  [6.1-25.0] [6.4-32.5]
Classic 19.9+10.3 98.5+73.4 88+75 419+308 10.5+4.3 24.3+5.4
210HD 17.0 81.5 71 314 9.9 23.8
Carriers [17.0-76.0]  [17.0-412.3] [20- 445] [60-1,347] [3.0-22.8] [13.5-37.9]
Nonclassic ~ 30.5+18.1°F  109.3+87.7%  79.2475.9 487+507% 10.445.8 24.4+3.6
210HD 17.0 89.5 452 265 7.7 25.3
Carriers [17.0-60.0]  [17.0-295.9] [23-256] [143-1,704] [5.9-24.0] [17.1-29.0]
Normal 17.0+0.1 18.3+4.9 60.6+40.6 162.9+57.2 10.3+3.6 24.1+4.3
control 17.0 17.0 54.8 162.7 10.0 24.0

subjects [17.0-17.0] [17.0-39.0] [10.6-175] [63.2-296.4] [5.4-17.4] [16.3-31.7]

“p<0.0001 vs NC patients, carriers, and CS; #p<0.0001 vs carriers and CS; 'p<0.0001 vs carriers
and CS; £p<0.04 vs CS; ¥ p<0.0001 vs CS.
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Figure 1: Individual ACTH-stimulated serum 21DF and 170HP levels in 210HD subtypes: classic
and nonclassic (NC) patients, combined classic and NC carriers and control subjects.
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Figure 2: Correlation between serum 21DF and 170HP (basal and ACTH-stimulated levels) in

210HD patients and carriers.
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Abstract

Introduction: In 21-hydroxylase deficiency (210HD) there is a good correlation between
genotype and basal 17-hydroxyprogesterone (170HP) levels in the classic, and also with post-
ACTH 170HP levels in the nonclassic (NC) form, but not in carriers. 21-Deoxycortisol (21DF) is a
good biochemical marker of 210HD, in special to identify the “carriers”, but there are no studies
correlating 21DF levels with genotypes. Obijective: Compare 21DF and 170HP levels -
determined by LC-MS/MS -, with genotype in 29 210HD patients and in 62 heterozygote carriers.
CYP21A2 from all subjects were sequenced and the genotypes classified according to residual
enzymatic activity: Group A (mutations abolishing the enzymatic activity), B (3-7% of residual
activity) and C (20%-50% residual activity). Results: Mutations were identified in 85/88 (96.5%)
of alleles from the patients; the 3 unidentified alleles were from NC patients. Basal but not post-
ACTH 21DF was significantly higher in the A group compared to the C group, whereas both basal
and post-ACTH 170HP were significantly higher in the former group. In carriers, there were no
differences in basal and post-ACTH 170HP and 21DF levels between A, B, and C groups. Post-
ACTH 21DF and 170HP levels higher than 300ng/dL and 1,700/dL, respectively, could
discriminate NC patients from carriers. Conclusion: Basal 21DF levels differentiated A to C
genotypes in the patient groups, demonstrating its utility for diagnostic purposes, such as in boys in
the neonatal period. Additionally, difficulties in differentiating NC form from carriers with 170HP
profiling could be determined with the use of 21DF.
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Introduction

Congenital adrenal hyperplasia owed to 21-hydroxylase deficiency (21OHD) is one of
the commonest autosomal recessive disorder in humans ™. The clinical spectrum of the disease
encompasses classic and nonclassic (NC) forms reflecting the residual 21-hydroxylase activity,
resulting from the wide range of CYP21A2 gene mutations. In the most severe salt wasting (SW)
form, the enzymatic activity is null (its genotype is termed type A), whereas in the simple virilizing
form (SV), less than 5% of residual adrenal 21-hydroxylation appears sufficient to prevent salt loss,
but not virilization manifestations in the neonatal and/or post-natal periods (type B genotype). In
the milder NC form, in which remaining enzymatic activity varies from 20% to 50% (type C
genotype), patients can be asymptomatic or manifest hyperandrogenic signs during childhood or
early adult life @.

Until recently, the human gene mutation database (www.hgmd.cf.ac.uk) depicted
more than 150 different CYP21A2 gene mutations, two-thirds of which represented by point
mutations. Among the ethnic heterogeneous Brazilian population, as it occurs in other populations,
most of the affected alleles carry mutations derived from gene conversion events involving the
active (CYP21A2 ) and its highly homologous pseudogene (CYP21A1P), and a high frequency of

alleles with multiple mutations are observed “*).

Because most patients are compound heterozygotes, their phenotypes result from the
less impaired allele ®®. A good correlation between genotype and 17-hydroxyprogesterone

(170HP) levels is observed in classic and NC 210HD ®®*% but not in carriers for the disease %%,

21-deoxycortisol (21DF) is an additional biochemical marker of 210HD that has been
shown to be superior to 170HP in: (a) the follow-up of adolescent and adult patients with 210HD
during treatment “® and, (b) identifying the “heterozygote carrier state” “’*®. However, there are
no studies correlating 210HD genotypes and 21DF “9. Considering, that CYP21A2 molecular
analysis is not an easy and widely available methodology, the 21DF measurements could be a
useful tool in identifying the different phenotypes of 21-hydroxylase deficiency, which present

important implications in the treatment decisions and genetic counseling.

In the present study, we analyzed the basal and pos-ACTH 21DF and 170HP levels,
both determined by liquid chromatography coupled to mass spectrometry (LC-MS/MS), among the
different 210HD phenotypes for diagnostic purposes. In addition, we evaluated whether the
different genotype severities, in patients and carriers, could be predicted by the basal and pos-
ACTH 21DF and 170HP levels.
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Subjects and Methods

The study encompassed a cohort of 45 Brazilian patients with classic and NC 210HD
and 62 heterozygote carriers for the disease. The patients were: 43 unrelated index cases, being 33
with the classic (25 SW; 18F/7M, and 8 SV; 6F/2M) and 10 with the NC form (10F), and two
parents (2M), who were identified as affected by NC form during genotyping. The carriers were
31F/28M obligatory heterozygotes, parents from index cases and another three (3F) detected
among the general population by entire CYP21A2 sequencing. All but, three female carriers
admitted the use of oral contraceptives. 21OHD patients who were followed on regular replacement

therapy had their medications withheld for 48h before the study ©.

Diagnosis of 210HD was confirmed in the newborn period or early infancy in all
classic patients by hormonal profiling (basal 170HP > 5,000 ng/dL). The NC female patients were
diagnosed in the adolescence or early adult life during investigation for hirsutism and/or menstrual
irregularities, except for three who presented with precocious pubarche and advanced bone age; all
had ACTH-stimulated 170HP above 3,000 ng/dL. The two NC male patients mentioned above

were asymptomatic and presented normal fertility.

Analysis of frequency of the CYP21A2 gene mutations was carried out exclusively in
the 43 index cases, plus two unrelated alleles from the affected parents, summing up 88 nonrelated
alleles. We also determined the frequency of mutations in the 62 carriers.

All subjects enrolled in the study gave their informed written consent after being told
of the purposes of the present protocol that have been previously approved by the Ethic

Committees in Human Research of both institutions.

Molecular Analysis

DNA samples were extracted from peripheral blood leukocytes by standard
procedures. Patients were screened by allele-specific PCR for the 15 most frequent point
mutations ®¥. If no mutations were found, the entire gene was sequenced. The mutations found in
the index cases were segregated in DNA samples from all obligatory heterozygotes, Complete
CYP21A2 gene sequencing, including the promoter region, was performed whenever stimulated

170HP was higher than 1,000ng/dL in the obligatory heterozygotes .

When a large rearrangement was suspected, as suggested by point mutations in
homozygous state, a MLPA-multiplex ligation-dependent probe amplification (SALSA MLPA kit
PO50B CAH, MCR-Holland, Amsterdam, The Netherlands) was employed to differentiate
CYP21A2 deletions from large gene conversions @. The SALSA MLPA kit contains 5 specific
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probes for the active 21-hydroxylase gene, 3 for the pseudogene, one for the C4B and one for the
C4A genes.

Genotype Categories

CYP21A2 genotypes were grouped according to the predicted impairment of
enzymatic activity observed in in vitro studies ©®: type A genotype (carry mutations resulting in
total or near total impairment of 210H activity), this group comprised patients homozygotes or
compound heterozygotes for mutations 12 splice, Q318X, CYP21A2 deletion and large gene
conversion, etc); type B genotype (resulting in severe impairment or less than 7% of residual
activity), comprised patients homozygotes for the 1172N mutation, or compound heterozygosis
with any type A mutation; and type C genotype (moderate impairment or 20%-50% of residual
activity), comprised patients homozygotes for V281L, P30L, P453S, R339H, and V304M, or
compound heterozygosis with any group A or B mutations.

Since carriers have one normal or non-affected allele that presumably expresses full
enzymatic activity, the frequency analysis and genotype/phenotype correlations in this group were

done only for academic purposes, employing the single mutated allele and the same classification.

Hormonal Assays

Thirty of the 45 patients (12 SW, 6 SV, and all 12 NC - including the two
asymptomatic fathers) and all 62 carriers were submitted to an ACTH stimulation test (Synacthen®,
Novartis, 250ug IV bolus) performed in the morning, after overnight fasting and 30° recumbence;
blood samples were drawn at O (around 08:30h) and 60 min after injection. All premenopausal
women were studied in the early follicular phase of the menstrual cycle. Serum 21DF and 170HP
were simultaneously determined in each sample by LC-MS/MS, according to a previously
described method ®®. The intra- and inter-assay coefficients of variations for 21DF were 10% and
13.3%, and for 170HP, 7.5% and 7.9%. To convert metric (ng/dL) to Sl units (nmol/L) multiply
21DF by 0.0289 and 170HP by 0.0303.

Statistical Analysis

The one-way non-parametric test of Kruskal-Wallis was used for comparisons
between groups. For statistical purposes, all values below the quantification limit for the particular

steroid were arbitrarily considered equal to the quantification level divided by the square root of 2
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(therefore defining an average number for all undetectable values). A P value <0.05 was considered

statistically significant.

Results

210HD Patients

A total of 17 different mutations were identified in 85 of the 88 (96.6%) alleles
investigated, 88.2% of which being point mutations. A single mutation was present in 77 of the 85
(90.6%) identified alleles, whereas two (7/85; 8.3%) and three (1/85; 1.1 %) mutations per allele
were documented in the remaining eight. 12 splice was the most frequently observed mutation
(23.5%), followed by V281L (22.3%), R356W (14%), and 1172N (11.8%), accounting for 71.6%
of all mutations. In the NC form, VV281L was present in 16 out of the 22 alleles (72.7%), whereas in
SV, I1172N was present in 62.5% and in SW form; 12 splice was present in 36% of the alleles
(Table 1).

Twenty patients were homozygotes and 25 were compound heterozygotes (Table 2).
One SV (type B) female patient disclosed a rare mutation - V304M (23) - in cis with the 1172N
mutation, confirmed by segregation analysis in the parent DNA samples.

In two NC female patients, despite they presented serum steroid levels compatible
with the NC form diagnosis (basal 170HP: 1,431 and 1,223 ng/dL, post-ACTH 170HP: 8,839 and
8,056ng/dL, and post-ACTH 21DF: 842 and 1,319ng/dL, respectively), mutations were identified
in only one allele (V281L) from the first patient and in none from the second one. The entire
CYP21A2 sequencing identified a new substitution A>G in the splice acceptor site of intron 5 in the
former patient, disclosing the genotype V281L/IVS 5 — 2 A>G. However, this patient was excluded
from data analysis until functional studies will be concluded. In the other patient, no mutations
were identified despite exhaustive sequencing. Both patients are identified with question marks in
Table 2.

We also included as NC patients two asymptomatic parents who had elevated 170HP
(basal: 856 and 1,087ng/dL, post-ACTH: 6,566 and 12,492ng/dL) and 21DF levels (basal: 203 and
233ng/dL, post-ACTH: 1,885 and 2,964ng/dL). Their molecular analysis disclosed the genotypes
V281L/12 splice and VV281L/R356W, which belong to group C (Table 2).

When 210HD patients were separated according to the genotype category, basal 21DF
and 170HP levels were significantly higher in group A as compared to group C. However, post-

ACTH levels were significantly higher in group A vs C only for 170HP (Table 3). There were no
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statistical differences between groups A vs B, or B vs C, for both basal and post-ACTH 21DF and
170HP levels.

Among the 10 completely genotyped NC patients six were homozygous for the V281L
mutation (C/C), whereas four were compound heterozygous for mutations from group A (A/C).
The latter group, harboring a severe (A) mutation had higher post-ACTH 170HP levels than the

former, whereas no differences were observed for 21DF levels.

210HD Carriers

The most frequent mutations detected in the heterozygote carriers were: 12 splice,
V281L, R356W, large gene conversion/CYP21A2 deletion, and Q318X, accounting for 72.7% of
all mutations (Table 1). Seven carriers (11.3%) had two or three point mutations in the same allele.
Although asymptomatic, carriers were also grouped according to the mutated allele in: group A
(n=46; 74.2%), group B (n=6; 9.7%) and group C genotypes (n=10; 16.1%).

Since basal and ACTH-stimulated 21DF and 170HP levels were almost identical in
genotype groups A, B, and C, their values were combined in Table 3.

Five genotypically confirmed carriers had stimulated 170HP values between 1,000-
1,500ng/dL. Three of them, carrying mutations from group A, had high ACTH-stimulated 170HP
levels (1,347; 1,289; and 1,256 ng/dL), with somewhat different stimulated 21DF (91; 267;
217ng/dL, respectively). The two remaining carriers had similar post-ACTH 170HP and 21DF
values (post-ACTH 170HP and 21DF of 1,103 and 1,044ng/dL, and 182 and 184ng/dL,
respectively) despite they carried mutations from groups B and C, respectively.

Another asymptomatic female carrier had the highest post-ACTH 170HP and 21DF
levels at 1,704 and 296ng/dL, respectively. However, she was confirmed as a group C carrier since

only one V281L mutation was detected after exhausting sequencing.

Discussion

Molecular analysis is the gold standard for the diagnosis and classification of 210HD
phenotypes, including the carrier state. In this paper, we report the frequencies of CYP21A2 gene
mutations in a cohort of Brazilian patients and carriers for the 210HD form of CAH. The four most
prevalent CYP21A2 gene mutations from the 17 found in our study (12 splice, R356W, VV281L, and
1172N) accounted for more than two-thirds of all detected mutations; 12 splice was the most

frequent one (23.3%). Even in the presence of the ample miscegenation of the Brazilian population,
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the frequency of CYP21A2 gene mutations in this series was similar to other worldwide screening

studies & 2+29),

At present, as also observed in this series, all mutated alleles could be identified in
classic 210HD applying entire CYP21A2 gene sequencing %. However, in spite of the advances in
molecular genotyping for 210HD, up to 20% of the alleles from NC form remain
unidentified “*2°*Y_ In our series, we were not able to identified mutations in 13% of the NC

alleles.

Earlier studies with classic 210HD demonstrated that genotype correlates better with
clinical (SW and SV) than hormonal parameters (170HP, plasma renin), whereas in the NC form,

(1103233 In our data, there was a fair correlation between

these correlations are less evident
genotype categories A, B, and C with basal and stimulated 170HP. Because 21DF is a product of
170HP, its basal levels were also higher in group A than in group C patients. Surprisingly,
stimulated 21DF levels were not significantly different among these groups; in fact, there was a
trend towards higher values in group C than in group A and B patients. It may be possible that the
short-term glucocorticoid washout (only two days) in classic patients was not sufficient for this
susceptible steroid to recover from ACTH suppression. Additional studies in untreated subjects

may be necessary to clarify this discrepancy.

Regarding NC patients, post-ACTH levels of 170HP were higher in A/C than in C/C
compound mutations, as previously reported “***9: however, this was not observed with 21DF

levels.

Even though the unaffected allele is able to code normal 21-hydroxylase activity in
carriers, ACTH-stimulated 170HP levels are known to be variably increased in these subjects,
suggesting that the mutated allele may interfere with the normal response “**39_ In several studies
with 210HD carriers, ACTH-stimulated 170HP levels correlated inversely with the severity of the
single mutated allele, suggesting a dominant-negative effect of the V281L mutation in carriers with
high 170HP levels “2'*3% However, we and others “*'* were not able to confirm these findings
with either 170OHP or 21DF.

According to several authors, carriers may reach ACTH-stimulated 170HP levels up
to 1,500 ng/dL ®322 or 1,700 ng/dL "9, different from a previous threshold value of 1,000
ng/dL ®5%)_ Actually, five of our carriers had post-ACTH 170HP levels between 1,044 and 1,347
ng/dL and also had very high 21DF levels (183-267 ng/dL). In addition, another carrier had
elevated post-ACTH levels of 170HP and 21DF even higher: 1,704 and 296 ng/dL, respectively;

however, after repeated gene sequencing, a second mutation was not detected in this asymptomatic
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female. On the other hand, the lowest ACTH-stimulated 170HP level observed in our NC patients
was 3.008 ng/dL.

Despite the small sample of NC patients, and to the extent of the limitations imposed
by the possible use of interfering medications (oral contraceptives, glucocorticoids) , the lowest
ACTH-stimulated 21DF level in a genotypically confirmed NC patient in our series was 302 ng/dL,
just above the highest stimulated 21DF level documented in carriers (296 ng/dL). Thus, in addition
to the present upper limit for ACTH-stimulated 170HP proposed by several authors *'%*? to
separate carriers from NC 210HD patients (1,500-1,700 ng/dL), we suggest a cutoff level of
300 ng/dL for post-ACTH 21DF, lower than that of 400 ng/dL recommended by Fiet et al “%%" in

order to increase sensitivity.

On the other hand, molecular studies may not be absolutely conclusive. For example,
two of our alleged NC patients (noted with question marks in Table 2) disclosed post-ACTH values
of 170HP and 21DF well into the NC range “'%3**) but could not be genotypically characterized
as affected NC, despite repeated CYP21A2 gene sequencing, including the promoter region. Thus,
in an attempt to identify new mutations in the so-far “unaffected” alleles in unidentified cases, strict
genetic scrutiny is presently underway focusing on POR (P4500xido-reductase) gene variations
that could modulate 220HD phenotypes @2, and the search for an yet unrevealed factor(s) that
could interfere with 170HP and 21DF responses to ACTH.

Therefore, even in the light of an appropriate molecular definition for 210HD,
establishment of distinct 170HP and/or 21DF cutoff levels to separate NC 210HD patients from
carriers of the disease and those from normal controls (wild-types) may still be a matter of
debate.In summary, genotype-phenotype correlation in patients with 210HD was fair with serum
170HP, but only modest with 21DF levels. In carriers, post-ACTH 21DF and 170HP did not
correlate with the severity of the single mutated allele. Using LC-MS/MS methodology, post-
ACTH 21DF levels higher than 300ng/dL concurrently with post-ACTH 170HP levels higher than
1,700 ng/dL, were typical of NC 210HD. Additionally, because routine CYP21A2 gene sequencing
is not an easy and widely available methodology, difficulties in diagnosing 210DH subtypes,
particularly NC form and carriers with 170HP profiling, could be better ascertained with the use of
21DF.
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Table 1. Frequency of CYP21A2 gene mutations found in unrelated alleles of 45 patients with the
SW, SV and NC forms of 210HD, and in the affected allele of 62 obligatory carriers.

CYP21A2 Affected: Phenotype / Clinical forms Carrier state
CERS S SY W8 el 69 ) 69

12 splice 17 1 0 18 20.5 12 194
V281L 0 0 16 16 18.2 10 16.1
R356W 10 0 0 10 11.4 9 145
1172N 0 8 0 8 9.1 4 6.5
Q318X 5 0 0 5 5.7 5 8.1
Conv 5 0 0 5 5.7 4 6.5
Deletion 4 1 0 5 5.7 5 8.1
Cluster 2 1 0 3 34 3 4.8
100371004 insA 1 0 0 1 1.1 1 1.6
C168 1AInt 1 0 0 1 1.1 0 0.0
F306+1nt 1 0 0 1 1.1 0 0.0
InsT 0 1 0 1 11 1 1.6
R408C 0 1 0 1 11 1 1.6
IVS2-2 A>G 0 0 1 1 1.1 0 0.0
P30L 0 0 1 1 1.1 0 0.0

None found 0 0 3 3 3.4 0 0
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Table 2: Genotype categories according to the residual enzymatic activity in classic and NC
210HD patients (see text for details).

Group A (n=25)

Group B (n=18)

sex clin.form Genotype Sex clin.form Genotype
F SW Conv / Conv F SV 1172N / Cluster
M SW Conv / Conv F SV 1172N / Del
F SW Conv / Cluster F SV 1172N / 1172N
F SW Del / Del M SV 1172N / 1172N
F SW 12 splice / 10031004 insA F SV 1172N /12 splice, InsT
M SW 12 splice / C168 delAl+l4nt F SV 1172N / R408C
M SW 12 splice / Del M SV 1172N, V281L /12 splice
F SW 12 splice / F306+1nt F SV 1172N, V304M / InsT
F SW 12 splice / 12 splice
F SW 12 splice / 12 splice
F SW 12 splice / 12 splice Group C (n=12)
M SW 12 splice / 12 splice Sex clin.form Genotype
M SW 12 splice / IVS2+5 G>A, V281L
M SW 12 splice / Q318X F NC P30L / P30L, Cluster
F SW 12 splice / R356W F NC V281L / IVS2-2 A>G
M SW 12 splice / R356W M*  NC V281L /12 splice
F SW 12 splice / R356W, Q318X, InsT M*  NC V281L / R356W
F SW Q318X / Q318X F NC V281L/V281L
F SW Q318X / Q318X F NC V281L /V281L
F SW R356W / Deletion F NC V281L /V281L
F SW R356W / 12 splice, V281L F NC V281L/V281L
F SW R356W / R356W F NC V281L/V281L
F SW R356W / R356W F NC V281L /V281L
F SW R356W / R356W F NC V281L / (IVS5-2 A>G)??
F SW R356W, Q318X / Cluster F NC 7?21?77

* Fathers of affected patients found to be asymptomatic NC during molecular evaluation.
?? No mutations found or functional studies not completed.

47



ARTIGO 2

Table 3. Basal and post-ACTH serum levels of 21DF and 170HP (median and interquartile

interval) in 210HD patients and carriers grouped according to the CYP21A2 gene mutation (see

text for details).
21-DF (ng/dL) 170HP (ng/dL)
Genotype Basal Post-ACTH Basal Post-ACTH
210HD Affected Patients
Group A (12) 739* 876 15-661* 15,182*
373-1,500 642-1,548 5,314-18,346 9,413-17,585
""" GowB®6) 329 725 887 13348
180-619 380-1,719 6,866-10,933 8,111-15,303
""" GowpC(1) 15 120 910 6566
99-203 737-2,425 853-1,259 4,415-7,630
210HD Carriers (62) 17 &2 65 303
17-17 51-126 33-115 216-497

*p<0.05 vs Group C patients
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Abstract

Introduction: Although much is known about the increased levels of the 21-hydroxylase substrates
17-hydroxyprogesterone (170HP) and 21-deoxycortisol (21DF) - the biochemical markers of all
forms of 21-hydroxylase deficiency (21OHD), only limited information is available on the zona
fasciculata (ZF) 21-hydroxysteroids: 11-deoxycortisol (S), 11-deoxycorticosterone (DOC) and
corticosterone (B), products distal to the enzymatic block. Objective: To investigate whether basal
and post-ACTH levels of S, DOC, and B and the 21-hydroxylase precursor-to-product ratios
determined by LC-MS/MS could disclose distinct profiles in genotypically confirmed classic
(n=14) and nonclassic (NC; n=12) patients, heterozygote carriers (n=62) and wild-types (WT,;
n=26) for 210HD. Results: Salt wasting (SW) and simple virilizing (SV) classic 210HD patients
had high basal levels of DOC with no further increase in response to ACTH. Stimulated DOC was
similar in 210HD patients and carriers, but reduced as compared to WT. ACTH-stimulated B
increased gradually from SW and SV through WT. The post-ACTH 21DF/B ratio was able to
identify 92% of the carriers. All NC patients could be identified by post-ACTH 170HP/DOC and
21DF/B, with no overlap with carriers. Conclusion: Although 21-hydroxylase is a key step in both
17-hydroxy and 17-deoxy pathways of ZF, the reaction is mostly affected in the latter pathway,
leading to a significant impairment of B production, which may further characterize the 210HD
subtypes. Basal DOC levels are elevated in SW patients probably as a result of extraadrenal
production from increased progesterone. Finally, the use of specific precursor-to-product ratios are

informative and may additionally characterize 210HD patients and carriers.
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Introduction

21-hydroxylase deficiency (210HD) is the most frequent autosomal recessive disorder
in humans. If not rapidly diagnosed, the salt-wasting form (SW) is a life-threatening condition that
manifests several weeks after birth by acute adrenal insufficiency (lack of cortisol and aldosterone),
whereas in the simple-virilizing (SV) form sufficient aldosterone is produced to prevent salt loss. In
both classic forms, prenatal exposure to increased androgen levels result in ambiguous genitalia in
the female and macrogenitosomia in the male newborn. In the milder nonclassic (NC) form,
cortisol production is normal at the expense of increased ACTH levels, which in turn result in
clinical hyperandrogenism (acne, hirsutism, menstrual abnormalities, infertility), manifested from

childhood through early adult life @2,

Although much is known about the increased levels of the 21-hydroxylase steroid
substrates, progesterone, 17-hydroxyprogesterone (170HP) and 21-deoxycortisol (21DF) -
biochemical markers of 210HD @ - few detailed information is available on the zona fasciculata
(ZF) 21-hydroxylated products distal to the enzymatic block: 11-deoxycortisol (S),

deoxycorticosterone (DOC) and corticosterone (B) ©©.

A host of CYP21A2 gene mutations determine the severity of the enzymatic activity in
both ZF and zona glomerulosa (ZG) of the adrenal cortex, resulting in characteristic steroid profiles
for all forms of 210HD. Residual enzymatic activity from the less impaired allele may be
associated with virtually normal mineralocorticoid production in mild and moderate forms . In
addition, previous studies in these patients have shown decreased levels of cortisol, S, and B (21-

hydroxylated steroids from both the 17-hydroxy and 17-deoxypathways of ZF) ¢,

Use of the ACTH-stimulated 170HP levels to discriminate the heterozygote carrier
population (referred herein simply as “carriers”) from NC 210HD and from normal subjects can be
challenging. In fact, the several cutoff levels proposed to differentiate carriers from NC and normal
subjects show significant overlaps between these groups ®*V. Therefore, ACTH-stimulated 21DF
levels and/or specific precursor-to-product ratios (170HP:S and 170HP:180HDOC) have been
proposed as diagnostic tools to identify carriers for 210HD #2%¥),

In this study, we employed tandem mass spectrometry after HPLC separation to
examine baseline and ACTH-stimulated serum levels of the steroids distal to the 21-hydroxylase
block - S, DOC, and B -, in classic (SW, SV) and NC patients with 210HD, carriers and wild-types
(WT) for the disease. We also investigated whether specific precursor-to-product ratios could be a
useful diagnostic tool in distinguishing 21OHD carriers from normal subject (WT), and NC

patients from carriers.
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Subjects and Methods

The study group included: (a) 26 affected patients with 210HD: 9 SW (4M/5F; 1-
23y), 5 SV (1M/4F; 8-28y), and 12 NC (2M/10F; 4-42y), whose phenotypes were ascertained by
clinical and biochemical data, and confirmed by genotyping; (b) 62 genotypically confirmed
obligatory carriers of classic (h=52; 25M/27F; 23-62y) and NC 210HD (n= 10; 3M/7F; 29-45y),
and (c) 26 genotypically normal control subjects (21-hydroxylase “wild-types” [WT]; 11M/15F;
23-65Y).

Patients who were on replacement therapy had their medications withheld for 48h
before the study. None of the subjects reported the recent use of any medications that could
potentially interfere with the study parameters. All subjects were submitted to an ACTH
stimulation test (Synacthen®, Novartis, 250 pg IV bolus) after overnight fasting and 30’
recumbence, with blood samples drawn at 0’ (between 0800h and 0900h) and 60’ after injection.
Premenopausal women were studied in the early follicular phase (days 2 to 5) of the menstrual

cycle.

The study protocol was previously approved by the Committees on Human Research
of all involved institutions and informed written consent was obtained from all subjects and/or legal

responsible.

Hormonal assays

Serum S, DOC, B, 170HP, and 21DF were simultaneously determined in each sample
by tandem mass spectrometry preceded by HPLC separation (LC-MS/MS), according to a
previously described method ®”. 170HP and 21DF values are to be reported on a separate
publication. The intra- and inter-assay coefficients of variation for S, DOC, and B were
respectively: 10.4% and 12.1%, 8.4% and 12.5%, and 7.8% and 7.8%. Quantification limits for
these steroids were: 15 ng/dL, 10 ng/dL, and 95 ng/dL, respectively. To convert metric (ng/dL) to
Sl units (nmol/L) multiply S or B by 0.0289 and DOC by 0.0303.

Precursor-to-product ratios

Individual values of specific precursor-to-product ratios were calculated by dividing
basal and post-ACTH 170HP and 21DF by S, DOC, and B. 170HP/B and 21DF/B were multiplied

by 10 and 107 respectively. The ratios are unitless since all steroids are reported in ng/dL.
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Molecular analysis

All 210HD patients, carriers and WT have been previously genotyped and the results

will be reported elsewhere.

Statistical analysis

The “R Project of Statistical Computing” version 2.8.1 (hosted by Department of
Statistics and Mathematics, Vienna University, Austria -www.r-project.org) was used for
calculations. The nonparametric multiple comparison test of Kruskal-Wallis, was used for
comparisons between groups. Receiver operator characteristics (ROC) curves were used to define
cutoff points for ACTH-stimulated 21DF and 170HP over S, DOC and B ratios in order to separate
210HD carriers, NC, and WT. For statistical purposes all values below the quantification limit for
any of the steroids were arbitrarily considered equal to the quantification level divided by the
square root of 2 (therefore defining an average number for all undetectable values). The level of

statistical significance was set up at 5% (p<0.05).

Results

Table 1 depicts the mean+SE and the median plus the interquartile interval (IQI) of
serum S, DOC and B for classic (SW and SV) and NC 210HD patients, carriers and WT.

11-Deoxycortisol

Basal S levels were reduced and ACTH-unresponsive in SW 210HD; both values
were significantly lower than in the other groups. Although higher than in SW, basal S levels were
also ACTH-unresponsive in SV patients. Except for higher basal values in NC patients, basal and

post-ACTH S levels were similar among NC patients, carriers and WT.

11-Deoxycorticosterone

Basal DOC levels were higher in SW patients than in all the other groups (but
significantly only against carriers). However, DOC responses to ACTH stimulation were abolished

in both SW and SV patients and significantly impaired in NC and carriers, as compared to WT.

56



ARTIGO 3

Corticosterone

Compared to WT, basal B levels were slightly reduced in all other groups (but
significantly only for carriers). However, B responses to ACTH were virtually abolished in classic

and reduced in NC patients and carriers, as compared to WT.

The significant overlap (75% to >90%) observed for the individual basal and post-
ACTH levels of S, DOC, and B among 210HD NC, carriers and WT precluded discrimination

between these groups.

Ratios of 170HP and 21DF over S, DOC, and B (figures 1 and 2)

Because basal levels of 170HP and 21DF are already markedly increased in classic
patients with 210HD, the precursor-to-product ratios are of little additional value for diagnostic
purposes. Therefore, these ratios (in particular the ACTH-stimulated ones) were applied mainly to
differentiate 210HD carriers from WT and NC patients from carriers.

Separating 210HD carriers from WT

Table 2 shows the cutoff points, areas under the curve (AUC), sensitivity, specificity,
and overlap for the 170HP and 21DF over S, DOC, and B ratios, for carriers versus WT. For 100%
specificity, the sensitivities of the 17OHP ratios were: 61% (for a cutoff ratio of 2.67), 16% (cutoff
ratio of 37.2), and 35% (cutoff ratio of 0.24), respectively, whereas those of the 21DF ratios were
76% (cutoff ratio of 0.44), 79% (cutoff ratio of 24.4), 92% (cutoff ratio of 1.53), respectively.
Overall the ratios that employed the 21DF as the numerator offered a better discrimination, and
among them, the 21DF/B ratio was the best to separate carriers from WT, with 91.9% sensitivity
and 100% specificity.

Separating NC patients from carriers

Table 2 also shows the cutoff points, areas under the curve (AUC), sensitivity,
specificity, and overlap for the 170HP and 21DF over S, DOC, and B ratios, for NC patients
versus carriers. As anticipated, the separation of NC patients from carriers is simpler, and although
all gave a good performance, the 21DF/B and the 170HP/DOC ratios had both 100% sensitivity

and specificity.
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Discussion

Different from precursor products, steroids distal to the enzymatic block are seldom
investigated in congenital adrenal hyperplasia. They may, however, be additional diagnostic tools
by themselves or when analyzed in combination with the respective precursor steroid, as precursor-
to-product ratios. In 210HD, it is expected that synthesis of B, DOC, S, and F are all impaired in
the adrenal ZF due to the enzymatic blockade, which in turn results in increased production of
170HP and 21DF. In this paper we employed LC-MS/MS to examine basal and post-ACTH serum
levels of S, DOC, and B, and their quotient (ratio) under 170HP and 21DF levels in classic and NC
patients with 21OHD, carriers and normal subjects (WT for the disease) in an attempt to further

improve the discrimination of these groups.

Aside from the classic SW patients, all other groups are unremarkable regarding basal
levels of S and B that were not significantly different from WT. However, their responses to
additional ACTH stimulation were invariably blunted in SW and SV patients, and otherwise
normal to slightly impaired in NC and carriers. The normal to slightly increased basal values of S
in SV and NC, and especially DOC in SW and SV, could be justified in several ways: (a) as a result
from reduced efficiency of 11B-hydroxylation due to increased androgen levels acting as
pseudosubstrates, as previously suggested **; (b) due to residual 21-hydroxylase activity in the
ZF biosynthetic pathways, associated to milder CYP21 gene mutations; (c) due to extraadrenal 21-

hydroxylation of progesterone 79,

Teleologically, the increased levels of DOC observed in the SW patient is a metabolic
effort to conserve salt in the newborn period, a mechanism that is usually inefficient; interestingly,
several of these patients lead a normal adult life without the need of mineralocorticoid
replacement ®. Past studies have suggested the adrenal ZG as the origin of DOC in classic
210HD since its production is renin-angiotensin responsive (increase in response to upright posture
and suppress following salt loading), in contrast to its normal ACTH-dependence in the ZF ©¢#-2),
Later on, several tissues were shown to perform CYP21- independent 21-hydroxylation ®*? and
recently it has been demonstrated that hepatic CYP2C19 and CYP3A4 are able to convert
progesterone to DOC, although less efficiently (10-17%) than 21-hydroxylase 57,

Our results demonstrate that unlike S and DOC, B unveils a spectrum of ACTH
responses in the study groups, from slight impairment in carriers throughout virtual obliteration in
SW patients (table 1), indicating the progressive damage to 21-hydroxylation in the ZF 17-
deoxypathway 2. Overall, the basal and post-ACTH levels of the steroids distal to the 21-

hydroxylase block are not sufficient per se to be used as additional diagnostic markers of the
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disease, mostly because of their significant overlaps. In this respect, B seems the best distal-to-the
block steroid to identify 210HD subgroups.

Because S, DOC, and B could not precisely characterize 210HD subgroups, we used
precursor-to-product ratios in order to improve diagnostic accuracy, particularly for distinguishing

carriers from WT and NC patients from carriers.

21DF is an 11B-hydroxy-derivative of 170HP that was shown to be an important
additional marker of 210HD, both for patients and carriers ®?. Thus, we contemplate that
precursor-to-product ratios employing 21DF instead of 170HP could be of better diagnostic value.
Our data demonstrate that the post-ACTH 21DF ratios (particularly 21DF/B) surpass those using
170HP in order to detect carriers among genotypically normal subjects (WT), confirming previous

results that ACTH-stimulated 21DF is superior to 170HP in differentiating these groups ¢,

Also, in vitro studies indicate that the 17-hydroxylation of progesterone proceeds three
times faster than its 21-hydroxylation, providing more substrate to the 17-hydroxy- than to the 17-
deoxy-pathway of ZF @Y. Therefore, the 21DF/DOC and 21DF/B ratios would be more robust
diagnostic tools than 21DF/S to separate 210HD subgroups.

Although previous studies have shown a clear-cut separation of carriers from “normal
controls” using post-ACTH 170HP/DOC ratio ®®, our data disclose an important overlap of 84%
between carriers and WT. In a similar study, Pardini et al detected 94% of 210OHD carriers using
the ratio of 170HP to a more distal-to-the block product, 18-hydroxydeoxycorticosterone
(180HDOC) 2. However, the availability to measure this steroid is limited. But since 18-
hydroxylation and 113-hydroxylation of DOC are performed by a single enzyme - CYP11B1 -, B
would be equivalent to 180HDOC for this purpose; yet, our data show that the 170HP/B ratio was
as weak as 170HP/DOC (65% and 84% overlap, respectively), even when outliers are excluded

(remaining 24% and 26% overlap, respectively).

Another diagnostic dilemma is the distinction of NC patients from 210HD carriers,
especially in the male. However, the higher basal and post-ACTH levels of 170HP and 21DF
appear sufficient to characterize them ®®. Nevertheless, values of post-ACTH precursor-to-product
ratios (in especial the 21DF/B ratio) are unambiguous in identifying all NC patients from carriers.

This may be particularly useful in individuals with mild increases in 170HP levels &Y.

In summary, the ZF 21-hydroxysteroids S, DOC, and B disclose an interesting profile
in the 210HD subtypes ranging from reduced to increased basal levels but with a systematic
impaired response to ACTH stimulation. The increased basal levels of DOC and S may result from
(a) inefficient 11B-hydroxylation due to androgen excess, (b) residual 21-hydroxylase activity due

to specific CYP21 gene mutations, and/or (c) extraadrenal 21-hydroxylation of progesterone by

59



ARTIGO 3

hepatic CYP enzymes. The selective gradual response of B to ACTH and the precursor-to-product
ratios, particularly 21DF/B, are distinctive characteristics of 210HD subtypes that can be used to

assist in the separation of carriers from normal subjects and of NC from carriers.
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Table 2. Cutoff points, areas-under-the-curves (AUC), sensitivities, specificities, and overlaps of
the post-ACTH precursor (170HP and 21DF)-to-product (S, DOC, and B) ratios between carriers
versus wild-types (WT) and between nonclassic (NC) patients and carriers for 210HD.

170HP/S 170HP/DOC 170OHP/B  21DF/S 21DF/DOC 21DF/B

(x10) (x100)
Carriers vs WT
Cutoff value 2.0 9.67 0.96 0.25 1.47 1.53
AUC 0.937 0.935 0.911 0.927 0.951 0.975
Sensitivity 82.3% 83.9% 80.6% 85.5% 85.5% 91.9%
Specificity 96.2% 92.3% 92.3% 88.5% 92.3% 100%
Overlap 39% 84%* 65%* 24% 21% 8%
NC vs Carriers
Cutoff value 11.2 75 10.5 1.21 23.2 30
AUC 0.999 1.000 0.999 0.983 0.999 1.000
Sensitivity 100% 100% 100% 100% 100% 100%
Specificity 98.4% 100% 98.4% 82.3% 98.4% 100%
Overlap 2% 0% 2% 5% 2% 0%

* Qverlap drops to 26% and 24%, respectively, after removing one outlier from each analysis.
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170HP/S ratio 170HP/DOC ratio 170HP/B ratio (x10)
10 E 10 | 10
10 E 10 E 10E
1k é 10 E ? 1k @
10 1 107
Classic NC Carriers WT Classic NC Carriers WT Classic NC Carriers WT

Figure 1: The box-plots represent post-ACTH 170HP over S, DOC, and B ratios in 210HD
subtypes: classic and nonclassic (NC) patients, carriers and WT. Bars across the box represent the
median; the edges of the box, the 25" and the 75™ percentiles (P25 and P75) and the error bars, the

10™ and 90™ percentiles (P10 and P90), respectively.
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the 10" and 90" percentiles (P10 and P90), respectively.
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PRINCIPAIS ACHADOS, CONCLUSOES E NOVAS DIRECOES

Principais Achados

B Os dados desse conjunto de estudos confirmaram que o 21DF apds estimulo
pelo ACTH é superior a 170HP na identificacdo de heterozigotos para a
D210H entre uma populacdo de individuos normais. Para uma
especificidade de 100%, niveis de 21DF apés ACTH maiores do que 40
ng/dL mostraram sensibilidade de 82% na deteccdo de heterozigotos para a
D210H, enquanto que niveis de 170HP apdés ACTH maiores do que 298
ng/dL tiveram sensibilidade significativamente menor (53%). Por outro
lado, niveis de 21DF ap6s ACTH maiores do que 300 ng/dL - em conjunto
com 170HP ap6s ACTH maiores do que 1.700 ng/dL - permitiram melhor
discriminacdo de pacientes com a forma NC da 210H dentre os

heterozigotos para a doenca.

B No estudo de frequéncia de mutacGes do gene da CYP21, foram
identificadas mutacdes em 85 (96,6%) dos 88 alelos nao relacionados
estudados. Os unicos trés alelos ndo identificados eram de pacientes com a
forma NC (cujos niveis de 170HP e 21DF basais e estimulados eram
caracteristicos de D210H).

B Diferentemente da 170HP, os niveis de 21DF apés ACTH ndo se
correlacionaram com os diferentes grupos genotipicos nos pacientes com a
D210H. Nesta situacdo, a auséncia de correlacdo pode ser devida a pequena
populacdo de pacientes estudados e a dosagem dos esterdides apds curto

periodo de suspensdo do tratamento clinico.

B Dentre os esterdides da zona fasciculada distais ao bloqueio da 21-
hidroxilase - S, DOC e B -, o melhor marcador na caracterizacdo dos
diferentes subtipos da D210H foi B apdés ACTH, apesar de sobreposicao

importante entre essas populagoes.

M Niveis normais ou pouco elevados de DOC nos pacientes com a forma

perdedora de sal podem denotar producdo extra-adrenal desse esteroide.
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W Dentre as relagdes envolvendo precursores (170HP e 21DF) e produtos (S,
DOC, B) da 21-hidroxilase, aquelas que envolviam o 21DF (sobretudo
21DF/B ap6s ACTH), foram superiores a 170HP na diferenciacdo de
heterozigotos e individuos genotipicamente normais. Embora pacientes
com a forma NC ja tivessem sido identificados pela 170HP, as relacGes
21DF/B e 170HP/DOC ap06s estimulo com ACTH separaram 100% desses

pacientes dos heterozigotos.
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Conclusdes e Novas direcoes

B Com o uso da metodologia de LC-MS/MS, a dosagem do 21DF ap6s ACTH
confirmou-se superior na deteccdo de heterozigotos para a D210H, podendo
ser instrumento diagndstico valioso durante o aconselhamento genético de
familiares de pacientes afetados com esta condi¢cdo. Sua dosagem também
pode ser Util nos casos em que persiste davida diagnostica na caracterizacéo
de formas NC entre heterozigotos. Além disso, a analise dos esterdides
adrenais distais ao bloqueio da 21-hidroxilase apresenta-se como ferramenta
adicional na propedéutica diagnostica dos diversos subtipos de D210H.

B A definicdo de valores de corte mais acurados para o 21DF, especialmente
apos estimulo pelo ACTH, podera ser util na identificacdo de individuos
com risco de heterozigose (e mesmo individuos portadores da forma nao
classica assintomaticos) durante investigacdo de familiares para D210H e,

eventualmente, na populagéo geral.
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Livros Gratis

( http://www.livrosgratis.com.br )

Milhares de Livros para Download:

Baixar livros de Administracao

Baixar livros de Agronomia

Baixar livros de Arquitetura

Baixar livros de Artes

Baixar livros de Astronomia

Baixar livros de Biologia Geral

Baixar livros de Ciéncia da Computacao
Baixar livros de Ciéncia da Informacéo
Baixar livros de Ciéncia Politica

Baixar livros de Ciéncias da Saude
Baixar livros de Comunicacao

Baixar livros do Conselho Nacional de Educacdo - CNE
Baixar livros de Defesa civil

Baixar livros de Direito

Baixar livros de Direitos humanos
Baixar livros de Economia

Baixar livros de Economia Doméstica
Baixar livros de Educacao

Baixar livros de Educacdo - Transito
Baixar livros de Educacao Fisica

Baixar livros de Engenharia Aeroespacial
Baixar livros de Farmacia

Baixar livros de Filosofia

Baixar livros de Fisica

Baixar livros de Geociéncias

Baixar livros de Geografia

Baixar livros de Histdria

Baixar livros de Linguas
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