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R 4237 © Acute intermittent porphyria, urine PBG andd-ALA level, PBGD activity

Acute intermittent porphyria (AIP) is an autosomal dominant disorder caused by a
partial deficiency of porphobilinogen deaminase (PBGD) in heme biosynthesis. The
responsible gene, PBGD, located at chromosome 11923 encodes the enzyme, PBGD, the
third enzyme in the cascade for heme production. The prevalence rate in Asian was lower
than that in Caucasian population.

We enrolled 24 patients with recurrent abdominal pain, transferred from several
medical centers of mid-western Taiwan. A rapid analysis for 24-hour urine porphobilinogen
(PBG) and  -aminolevulinic acid (ALA) level was done and correlated with the PBGD
activity. Six patients had elevation of d-aminolevulinic acid (ALA) and/or PBG in 24
hour-urine collection, including 4 patient being confirmed as a diagnosis of AIP
incorrelation with PBG deaminase activity in red blood cell and 2 patient being suspected
other form of hepatic porphyria according to clinical manifestation. One patient with AIP
carrier had a normal limitation in detection the PBG and ALA level of 24-hr urine.

The study suggests that the hepatic porphyria, particular the AIP type, is not
uncommon in Taiwan. The analysis of urinary ALA and PBG level is rapid and high

sensitive tool in diagnosis of hepatic porphyria.
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Determination of PBG and ALA concentration

During porphyric attack, 24-hour urine specimens were collected by standard
procedure, and adjusted 24-hour urine specimens to pH 6 with concentrated HCL. The
container of urine specimen was protected from light. The concentrations of PBG and ALA
in urine sample were measured by ion-exchange chromatography with the BioSystems
ALA/ PBG Test (BioSysems S.A. Barcelona Spain). The 24-hour urine specimens were
passed consecutively through two chromatographic columns that contain ionic exchange
resins: the first one retains PBG, while the second retain ALA. Once the interfering
substances were removed by washing, ALA and PBG were eluted and

spectrophotometrically quantified by the absorbance at 555 nm of the Ehrlichs reaction
product using a Beckman DU 500 spectrophotometer.

PBGD assay

Hemolysates were prepared by the addition of 4.95ml of Triton x-100 buffer to 50ul
of RBC before the assay. To 0.5ml of hemolysate, 0.94 ml of Tris buffer was added. The
reaction was started by adding 60ul of 3 mmol/L. PBG substrate in Tris buffer. The blank
tubes were prepared by adding 1 ml of Tris buffer without enzyme substrate (PBG) to 0.5ml
of hemolysate for each sample. The reaction mixture was incubated in the dark at 37°C for
1 hour and stopped by adding 1.5 ml of 25 g/dl trichloroacetic acid. After standing at a
room temperature in the dark for 30 min and centrifugation for 10 min at 3000 rpm, the
porphyrin formed in the reaction mixture was determined by measuring the fluorescence of
the supernatant solution with an aminoco-Bowman spectrophoto-fluorometer (excitation
405nm, emission 596 nm), and using coproporphyrin as the standard. The PBGD activity
was expressed as nmol porphyrin formed per hour per ml of RBC.
Molecular analysis
DNA was extracted from peripheral blood leukocytes following the standard methods. The
15 exons and their flanking intron sequences of HMBS gene were amplified using the
polymerase chain reaction (PCR).

The promoter was also screened for a promoter mutation. The primer sequences were

redesigned and will be available on request. PCR amplification was performed in a 50ul
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reaction volume containing 50~100ng genomic DNA, 15pmol of each primer, 0.2mM
dNTPs, 1u Taq DNA polymerase (AmpliTaq Gold, Applied Biosystems, Foster City, CA,
USA) and 1x PCR buffer (Applied Biosystems). Amplification was achieved using the
following protocol: an initial denaturation step at 94°C for 5 min, followed by 30 cycles of
denaturation at 94°C for 30 sec, annealing with a 3°C touch-down to the appropriate
temperature for each primer pair (i.e., a reduction of 0.1°C per cycle) for 30 sec (information
available upon request), extension at 72°C for 45 sec, then another 10 cycles of further
amplification with a final extension step at 72°C for 7 min.

Using the ABI Prism BigDye Terminator Cycle Sequencing Reaction Kit, the amplicons
were then subjected to the automatic DNA sequencer ABI3100 (Applied Biosystems).
Sequences were compiled and analyzed with the software VECTOR NTI (InforMax, North
Bethesda, MD).
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3. 1%

Table 1
24 hrs. urine
PBG deaminase /& 1+ ..
No (nmol/hr/ml RBC) EHE 6-ALA  |porphobilinogen Diagnosis
Age/Sex | Normal range:30.3-73.7 mg/day mg/day
(1.3-7.0) (0-2)
1| sUF 32.3 W £ 2.14 0.57 Non-hepatic
porphyria
2 | 49/F 15.2 Hhr K 6.72 1.42 AIP
3| 50/M 21.8 e K 1.84 0.86 AIP
4| 20/F 32.7 Ko £ 3.04 0.24 Non-hepatic
porphyria
51 16/M 332 Ko £ 2.84 0.12 Non-hepatic
porphyria
6 | 14/F 23 e K 2.47 0.14 AIP
7| 49/F 50.7 Ko £ 2.29 0.25 Non-hepatic
porphyria
8 | 38/F 47.7 Ko £ 1.53 0.21 Non-hepatic
porphyria
9 | 30/M 472 His Fla-o 15.66 22.23 hepatic porphyria
10| 41/F 17.1 e K 6.52 7.02 AIP
11| 29/F 20.2 e K 44.27 80.02 AIP
12| 33/F X B g 3.73 0.56 Non-hepatic
porphyria
13| 59/F X RIS I 3.53 0.97 Non-hepatic
porphyria
14| 38/F 35.1 H W o 2.46 0.36 Non-hepatic
porphyria
. . Non-hepatic
ﬁ ] %) - \:J .
15| 16/F 31.4 i F - 221 0.95 borphyria
16| 31/F 32.4 Ko £ 1.74 0.14 Non-hepatic
porphyria
17| 45/F 44 IR 0.41 221 Non-hepatic
porphyria
3 Non-hepatic
18 | 16/F 33.3 e EA 3.23 1.05 borphyria
19| 32/F 30.5 g s 1.68 0.74 Non-hepatic
porphyria
3 Non-hepatic
20 | 14/F 39.1 e EA 1.98 0.48 borphyria
3 Non-hepatic
21| 22/F 32.3 e EA 2.58 2.71 borphyria
T Non-hepatic
H gy Fpad :
22 | 54/F 48.4 i F -2k 0.22 0.52 borphoia
23 | 47/F 37.7 His %5 [ERa 58.74 157.47 hepatic porphyria
g A Non-hepatic
ﬁ o 5 - \:J .
24 | 50/F X H#Fh-s 2.84 0.31 borphyria
(hie? %o p F4E) £9F %67F




Table 2 abnormal 24 hours urine PBG and/or 3-ALA in hepatic porphyria

Yes No
Positive 6 0
Negative 0 0

(§ 7 & 3 A i)
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