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Fig. 1 Steroid metabolism and changes of several steroid levels in congenital adrenal
hyperplasia due to 21-hydroxylase deficiency
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72Z27ar (17-OHP), 21-TA X aLFv—n (21-
DOF), 44-T> FuxT 4> (44-AD) DBED
EBL, anFV—n (F) R7TVFRTa s EKTT
513719 (Fig. 1), ZNHR, KEOBHRLELEL DEE
124 5 BHELHRR, (& Na ffE, &K 0EL & DiEgk
ERXR*ET 2, RENHBARICB T2 HEHEIL, 1/
20,570 (95% {S#ERR R Tl 1 /13, 747- 1 /31, 847) L & 1,
Fr, EMLEREVSLICLLDLT, BRNELHE
ROLITLITEEET, BK- v v 7S TEELREICKH

Direct Method

Filter Paper : 9 3mnX1

Second antibody coated microwell plate
Anti-17-0HP-3CMO-BSA Serum :100 ul
17-0HP-3CMO-HRP-conjugate - 50 ul
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Extraction Method

Filter Paper : ¢ 3mmnX1
Buffer : 0.2n1

R.T. Overnight
Diethylether : 2ml

Mixing 5 min.

Standing 30min. at 4°C

Ether layer evaporated

Second antibody coated microwell plate
Anti-17-0HP-3CMO-BSA Serum : 50 ul
17-0HP-3CMO-HRP-conjugate & 50 ul

l

R.T. Overnight

Microwell plate,washed 3 times with saline

H20:-0-Phenylendiamine-citrate buffer:150 ul

25°C,30nin.

Sulfuric acid:100 ul
|

Colorimetry at 492 nm by microplate reader

Fig. 2 Procedure of ELISA for 17-OHP in dried blood disc.
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2. ELISA%ICE 52701 FORE

(1) s FRALALKREIILUTOB)I THE. 7L —
F 3% — Model MX-4 (ZXMEHY), 7L — ik
##%% . Model MW-96SD (Bio Tec #t#), =4 7u7v
— P EE  Model MTP-32(2 v +E&RHHE), T—
I E  PC-9081VF (NEC #8),

(2) 17-OHPO#ilE : =4 707V — bt 2 AW BEER
BREFEICLBIT-OHP flEX v F T2 7L — 172~
OHP, BMRA L/ FAT 7 /2T 4 v 74H) 2EAL
7o AL, B2HUR (rXH V7YX IgG HK) & EEL
Liz=eq4 707v—F2® 1HE (7% XH1T-OHP #iL
1K) 2428, EHEHME (VL X2 5—LiE#17-OHP)
ERRK (R A 3 mm disc 1) FH17-OHP 2 K
BRI HEAELFELTH, EEERVMEE S Fig. 2
L7,

(3) anFV—roflE  EERUEERIZLIT-OHPD
HELEBTHE2, BIHEKELLT7YXHaILF ) —
N ER 5,

3. HPLCI2& 327 A1 FOHF?

(1) B#EZT oA FRUNTEZESEYE  FEIT04 Fit

Table 1 12/RL 7:10f& (Sigma #3) AW, NEMZH

Tablel Standard steroids

Abbreviation

Cortisone E
Cortisol F
21-deoxycortisol 21-DOF
Corticosterone B
11-deoxycortisol S
Androstenedine 44-AD
11-deoxycorticosterone DOC
Testosterone T
17a-hydroxyprogesterone 17-OHP
Progesterone P

ML LTI, 19-/ V7 A F A7 (19-NT: Sigma #
) AW,

(2) ATEARUCHPLCHRE v 7uuxtyr, 45/
—, Tb=F)nig, k7ot 7778 (Fild
BHMW) 2HNZ,

(3) REIORTLE | g KA (EZE10mm disc 1 %)
120.05M N ABs#EmEH (pHS8.0) 1 ml MB35,

ZOMBBICNEEEYE L L TI9-NT % 10ng (30u1) ik
fmig4 L, Extrelut column 1 (Merck #%) IZRF& &
%, 1557, v 7uuv 27 10ml CTHERL, HEEZERE
BE¥ %.%i&% HPLC N &hE60ul TEREL, £ D30ul #
SrATIcHEL 72,

(4) HPLC » % f4 L %&  #» 7 213 ERC-ODS-1171 (6
mm X 150mm, T/LeiH) 2R, FERUTOE)
Thb, #7LEE 40C, B#E: 5/ -V Txh
= b Y Kk=55" 3 :42, F&E : 1.3ml/min, BBHEE
246nm, EFAIE, UTO@EN THd, EHE L 7!
Model L-6200( B s 8 fERTS), +— } 4> 77— Model
AS-4000 (B MEFTM), 1HIRIE . Model CTO-6 A (B
EUIEAMY), B2 Model SPD-6 A (BiEMEAH),
7u-=2t7—0EEE  Model D-2500( B 3L BIEFTEL),
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@
2 sof 45.85+3.67(8.00)
@ n=15
%4 SD(CY) 29.36+1.82(6.18)
17.14+1.74(10.24)
7.88+1.07
o . ) ) ) ) ' (13.56)
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17-OHP (ng/ml)
100
[ 87.24+2.97(3.41) B
77.65+3.60(4.64)
> 57.66+6.59(11.43)
@
= Sor 41.18+4.85(11.77)
o n=1
X+ SD(CV) 26.65+4.54(17.05)
15.11+2.45
(16.23)
0 . \ \
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Fig. 3 Standard curves of 17-OHP. B/B,=Ab-
sorbance at each concentration of 17-OHP/
Absorbance without 17-OHP. Each value
represents the mean (x) £SD (CV) of n
times experiments. A: direct method, B:
extraction method
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1. ELISAkiZ & 517-OHP mAlE

(1) EBHepRs L BB EEES L Uit E0 R
# (E /R =logit-log-1 (u)) % Fig. 312 RL 72, &i@
EizbiT51EIZ, 17-OHP t o iBETCORKEEICNT L EH
FHE(B/By) & L TEDb L, HEICHOWTRHIEMNFH £
Zi#Rz (x+SD), RUEHFRE (CV) #REIZEL 2.
CV I BE#EET3.73%H »13.56%, HMHET3.41%» 5
17.05% L BIEMBREL LT, BFTHo72, 272, X v

Table2 Intraasay and Interassay precision of direct
method
Samples n 17-OHP CV (%)
%+ SD (ng/ml)
Intraassay
1 6 5.74+0.24 4.18
2 6 10.32+0.54 5,23
3 6 35.93+3.51 9.77
Interassay
1 15 5.22+0.79 15.13
2 15 9.51+1.63 17.14
3 15 41.48+5.68 13.69
4000L ]
30001
n :9.475
X :11.30
& SD : 5.92
@
2 20001
2
e
1000 -
0 >
0 20 40 60 60<
ng/ml
17-0HP o/

Fig. 4 Distribution of 17-OHP in newborn babies
by the direct method

Table3 The result of neonatal screening for con-
genital adrenal hyperplasia in Hokkaido (1989.1-
1989. 3)

No. of No. of No. of No. of No. of
tested repeated  recalled medical patients
examination
9,552 491 57 3 1
(5.11%) (0.60%)
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Fig. 5 Typical chromatogram of standard mixture
of steroids and internal steroid, 19-NT.
Standard mixture and 19-NT were chro-
matographed on a column of ERC-ODS-
1171 (6mmX150mm) which was previous-
ly equilibrated with methanol/acetonitrile/
H,0 (55: 3: 42). The elution was carried
out with a flow rate of 1.3ml/min at 40°C.
Steroids were located by measureing the
absorbance at 246nm. 1: E, 2: F, 3: 21
-DOF, 4: B, 5: S, 6: 19-NT, 7: 44-AD,
8: DOC, 9:2 T,10: 17-0OHP, 11: P.



2. HPLC & aZ2TAA FOSIR

(1) ZE#2Taf Fnrsa=t 7 7L Fig 5 10ENE
#2704 FERHEEHE (19-NT) #7e=t7 74
2RI, HAT AL FOSFBIIRIFTH 72,

(2) E¥EFEER, RUCAHBRROEBRREOLK N7 0=
F7J 24 Fig 6 ICEEFAEREL, CAHRBRN6HEB 10
BENERERKOBN 7=t 7T 45T L1z, EFEHE
RTIFFUMNZRIEE N WD, BRTIZ6 HBIZIZLT-
OHP, F, 21-DOF %%, 108 Hici217-OHP, F, 21-DOF,
4 4-AD Lk CMBHOREZEE — 7 0 HBL T 1z,
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Fig. 6 High performance liquid chromatography
elution profiles of filter paper blood.
Sample of normal infant (A), the initial (B-1)
and the second (B-2) sample of the CAH
patient. Samples were chromatographed
under the same conditions as in Fig. 5

Table 4 Clinical and laboratory data of a patient with
Congential Adrenal Hyperplasia

Age (days) 0 6 10 12
Poor Wt. gain - - -

Poor sucking - - -
Genital ambiguity ?
Hyperpigmentation -

Vomiting, Diarrhea -

+ 4+ o+ o+ +

Dehydration -
Steroids

ELISA (ng/ml)

17-OHP (Direct) 618.8 | 2597.4

(Extract) 225.9| 552.5

F (Direct) 45.0 47.5

HPLC (ng/ml)

17-OHP 136.9

21-DOF 77.4| 232.2

44-AD 102.9

F 111.6 | 85.8

Serum Electrolyte
Na (mEq/1) 131

K (mEq/1) 9.8

423.1

Pathological diagnosis: Congential Adrenal Hyperplasia
Genetic Sex: M

A% Table 3ic F L7, BREHIZI, 5524 T, itk
124 5 BRIERERIZOME (5.14%), 209 bEKRML%
KFEL 221257 (0.60%) T, (KHAEKERZA» S F
nTwi, BERENREL-2LDIXIH/T, 2095 b
2MFIIERE2EE F TI7T-OHP BE» X SE % £
LTW D THREREZKBL Y, ZORORETER
BEu )V RERBBRERTH D, o 1BlicoTi3, ¥
EREXKBETARNICERI2EETETHEEEICL N ET
L, CAH BR: Wi & 72, Table 4icAFETEFI IR
HRUREBEXNAR2 I O, ERERMLEFRNIT-
OHP i3, %1% 6 HHT136.9ng/ml, 108 Hi2(3423.1ng/
ml & BBICERL Twiz, £7:, HPLC 2 &V 17-OHP »
fts, F, 21-DOF, 4 4-AD H»FEI L7z,
4. 17-OHP REM xR L -F42H

¥ERE (E#HE) TL7-OHP #'60ng/ml Ll E%RL 72
HERIIBRIZ2BCTHTH 72, BYR(Table5: i
1) LAtz £502,500g L TR AEKERT, 51220
6 Bl 5 1132,000e LT THN, WTFNIBREICLEZE
BEEN@ET, 17-OHP N{EIZIE#E & % > 72 (Table
5)0



Table5 Follow-up of 17-OHP, F and 17-OHP/F in newborn infants showed abnormal level of 17-OHP by screening

Initial test Second test Third test Fourth test Fifth test Sixth test Seventh test
Age 6day 10day
Weight 3,380g 3.380g
1 | Direct® > 158.87ng/ml | > 169.58ng/ml
Extract® 250.11ng/ml 317.30ng/ml
17-OHP/F¢ > 3.53 > 3.57
Age 9day 25day 32day 35day 44day 51day 55day
weight 640g 670g 750g 790g 866g 848g 842¢g
2 | Direct 113.48ng/ml 86.52ng/ml 82.95ng/ml 80.04ng/ml 98.32ng/ml 63.55ng/ml 12.75ng/ml
Extract 47.27ng/ml 15.28ng/ml 32.39ng/ml 25.53ng/ml 17.08ng/ml 22.95ng/ml 4.23ng/ml
17-OHP/F 1.21 1.02 2.98 2.02 1.07 0.15 0.06
Age Tday 33day 47day
weight 982g 838g 936g
3 | Direct 82.96ng/ml 11.16ng/ml 17.25ng/ml
Extract 35.01ng/ml 6.21ng/ml 13.01ng/ml
17-OHP/F 1.47 0.23 0.22
Age Tday 18day 22day 29day
weight 2,114g 2,095¢ 2,122¢ 2,098g
4 | Direct 62.51ng/ml 20.99ng/ml 23.64ng/ml 39.49ng/ml
Extract 24.36ng/ml 5.39ng/ml 5.34ng/ml 6.77ng/ml
17-OHP/F 0.18 0.48 0.97 0.46
Age 8day 15day 17day 18day 21day 61day
weight 1,408g 1,480g 1,510g 1,510g 1,535g 2,610g
5 | Direct 64.53ng/ml 47.44ng/ml 52.59ng/ml 49.60ng/ml 66.41ng/ml 27.96ng/ml
Extract 54.69ng/ml 24.36ng/ml 23.15ng/ml 23.98ng/ml 30.81ng/ml 5.98ng/ml
17-OHP/F 0.89 1.06 0.84 1.38 1.48 ND¢
Age S5day 27day 50day
weight 535g 590g 1,027g
6 | Direct 72.63ng/ml 63.03ng/ml 18.26ng/ml
Extract 7.46ng/ml 16.98ng/ml 2.74ng/ml
17-OHP/F 0.34 ND ND
Age 10day 24day
weight 1,220g 1,465g
7 | Direct 72.08ng/ml 11.7ng/ml
Extract 19.67ng/ml 3.96ng/ml
17-OHP/F 0.37 0.38

2 Concentration of 17-OHP by direct method.

. Concentration of 17-OHP by extraction method.

¢: Ratio of 17-OHP to F. ¢: not determined
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— Negative Negative Negative Negative
95%° <Tng/nl <Tng/ml <Tng/nl
(Extract) (Extract) (Extract)
T I ‘
Initial Test Repeated Test Request Second Test Request Third Test
5%° I——— =7ng/nl 27ng/nl
Direct Method Direct Method (Extract) Direct Method (Extract) Direct Method
Extract Method Extract Method Extract Method
260ng/ml 230ng/ml 230ng/nl =7ng/ml
(Direct) (Extract) (Extract) (Extract)
Notify  Consulting Physician

Birth Weight

>2,000 g : Medical Examination,

S2,000 g : Follow-up

Fig. 7 Protocol for newborn screening and following program for 21-hydroxylase

deficiency in Hokkaido.
percentile of the assay.
percentile of the assay

2: Samples with disc 17-OHP value under 95th
®: Samples with disc 17-OHP value above 95th

Age Condition of the Infant Screening
(days) ;. Weight ELISA of 17-OHP HPLC
Sacking Initial Sample Second Sample
0 |Birth ! 3,490 g
Lo+
6 | Initial Bleeding @ 3,380 ¢
L+
8 Initial Sample @ Direct
. Receipt | method
N ]
9 , Res‘ult
Contact by Phone ' (high level)
10 Second Bleeding ' 3,380 g
Discharge ]
12 Asphyxiation due Second Sample ' Extract Direct Extract Identification of
to Milk Aspiration: - Receipt | method metlzhod nethod several steroids
[]
13 Result
(high level)
14 ! Result Result
. (high level) (high level)

Fig. 8 The progress of tests for the CAH patient

EEEABIREENREL) IEE TS, Vs s MRS
P b ERHE R SRS I B RIE R A R & 1, K E A2000g %
Mz TWABAIEL T HEREERBETCOZRY, £
PAREH2000g LT DHAIZERLIC & 5 BRE # ST
WIRRBBRET LI LR ENDG, FLBRIECHITSH
HETHEY BEEE (230ng/ml) NHA L LR L FED
fTRHENS. —F, 17-OHP EHLBREHE bk 2
7 ng/ml) NFHAZ, EMERBEICBRLAKEL, B
BERUHHETERE 2TV, 17-OHP BN BREHEY

JERRL TwhiFary gy PEMICEKL FELER
B, RELZEL THLT S, Zofbic, HERS 238
£ RBHNERIRAT R RKESES 5> CAH bk b
TELREKIZOWTIZ, EHIC17-OHP # B, HbE
TRIET S L RIS, HPLCIcE D 2Fuf FhRLE>D
—BFIEITI.

% -3

17-OHP filE X v b "= > ¥ 7L — } 17a-OHP, i3, #Z
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LEIRR, MIRENCENG T A LENH D, Z0FKREL TS
ERLICRATLOEEM#HBIWL 2L LT, Fig.81ic
FR7N—=r 7HEICHER I N CAH BRIZHDWTo
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H#LTLHEOIIOWTY, BERFL T3,

4%, CAH=2-271)—=> 73, REHFRELET
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ARIEEE > T LB DD LEL B,

® #
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2. WERZEINHNI L1442 CAH BRTH -2, i



M 017-OHP 13, 47 6 HHIZ12136.9ng/ml, 4%
%108 Bi213423.1ng/ml &£ S #@uc LR L, 72, HPLC i
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Neonatal mass-screening for congenital adrenal hy-
perplasia (CAH) in Hokkaido was started in Janualy,
1989. During the study period of 3 months, 9,552
neonates were tested by enzyme linked immunosorbent
17-OHP was reexamined after ether extraction
in subjects with 17-OHP values higher than the 95th

percentile.

assay.

With setting the cut-off point at 7ng/ml in
the extraction method, 57 neonates (0.60 %) were re-
called, and 3 neonates needed medical examination.
Amongst these 3 neonates, one CAH patient was
included. This sample showed significant elevation of
And 21-deoxycortisol, 44-
androstendione, and cortisol were idntified by HPLC.
This CAH patient was suffocated to death due to milk

17-hydroxyprogesterone.

aspiration on the twelfth day after his birth. This case
made considerable point of a prompt dispatch in a
screening.

Analysis of recall cases showed that one third recall
samples derived from the low birth weight infants.
Further, five from 7 neonates showed high level of 17-
OHP (260ng/ml) were low birth weight infants under
2,000g. These results suggest our taking the birth

weight into consideration in a screening system.

Key Words: congenital adrenal hyperplasia, 17-hy-
droxyprogesterone,
Hokkaido

mass - screening, neonate,





