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This presentation gives a little background information about the
nature of the molecular defect and the clinical presentation of the
early onset form of cystinosis. It discusses the utility of measuring
white cell cystine for the diagnosis and therapeutic monitoring of the
disease. An external quality assurance scheme for this assay has
been established and is organised by the ERNDIM organisation. The
scheme is described and there is discussion about the performance
of participants in one complete year.

Further information about ERNDIM and its schemes can be found on
the website,



The basic defect
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Cystinosis

Clinical features of early onset type

Failure to thrive age 3-6 months
- Vomiting
* Anorexia
- Polydipsia
- Dehydration with episodes of fever
- Rickets
* Growth retardation
» Cystine cystals in optic lens



Leukocyte cystine

* Most readily available cell type to assess
cystine accumulation.

- Critical for

- Diagnosis

- Therapeutic monitoring

» Assays involve isolating total leukocytes, or
polymorphs, assaying cystine and reporting
relative to protein content



Example of spreadsheet used to calculate results

Standards ~ CPM| Stds cpmmax| Reg | 6.00
CPMobs | values
0 20 0 1o 0% P a0
0.05 2136 005 119 123 400 -
01 17111 01 149 147
0.2 1298 0.2 19 195 | 300 +
03 1063 03 240 243 200
04 857 04 298 291
05 2 05 339 340 | 100
06 662 06 385 | 388
Slope Inter 0.00 | | | | |
4807950898 0.9 0 02 04 06 08 1
Saple PV CPMmex! Raw Ostine Corregted Original  Corected ICystine MI\;?; l\(l)alol\lﬂ-l .Protein wCC
cystine cystne | supematant = supematant ~in pellet orotein | Vol inpellet  result
CPMobs = (umol/L) | Dilution = (umol/L) = Vol (uL) Vol (L) (hmoles)  (mg/L)  (uL) | (mg)
Low Ext QCx1 1555 1.64 0.13 1 0.135 200 200 0.02698675 400 | 500 | 0.20000 | 0.27
101A Ben Cox x1/2 1422 179 0.17 2 0.334 200 400 0.13346767 = 588 | 1000 & 0.58800 & 0.45
101A Ben Cox x1/5 1962 130 0.06 5 0.321 200 400 0.12836145 588 | 1000 @ 0.58800 & 0.44
101A Ben Cox x1/ 10 2224 115 0.03 10 0.323 200 400 012934101 588 | 1000 & 0.58800 | 0.44

Sigma QC x1 731 | 346 051 1 0513



Cysteamine therapy

Lysosome cysteamine

cysteine-cysteamine
mixed disulphide cystine

lysine L

transporter

cys-cyst



Two cystinotic patients
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EQA Scheme Outline

Material distributed:

- Supernatant fluids extracted from
leukocytes isolated from donor blood

* Freeze dried protein, BSA, pellet
Participants requested to report:

* Cystine concentration in SNT

* Protein concentration

- 3cys/mg prot, assume aliquots from same
sample



ERNDIM EQA

* 8 samples per year
- 4 pairs
- Scheme in 5™ year

» 27 participants, three main method
groups

- CPB assay

- HPLC

- Amino acid analyser



Example of analyte report
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What is performance like
overall?



Recovery of Protein

Samples Added Mean Measured  Recovery
21/26 0.75 0.71 95%
23/27 1.00 0.97 97%
22/25 1.25 1.20 96%

24/28 1.55 1.48 95%



Recovery of Added Cystine

Sample

SNT 23/27
SNT 24/28
SNT 22/25
SNT 21/26

Added

0.00
0.20
0.50
2.20

Measured

0.04
0.26
0.56
2.24

Recovery

0.00
0.22
0.52
2.20

Recovery %

Nn.a.
110%
104%
100%



However....... Overall Interlab CV

Analyte
Protein
Cystine, umol/L

Cystine, nmol*zcys /mg prot

Interlab CV

12%

115%

104%



Results 2005: Cystine in nmol %2 cys/mg protein

SHT and | SHT and | SHT and | SHT and | SHT and | SHT and | SHT and | SHT and

Method PP 21 PP 26 PP 22 PP 25 PP 23 PP 27 PP 24 PP 28
A, ] 293 0.190 ] 0. 160
A, 4.51 4 .85 0.750 0.350 0 0.0950 0.370
A, B.30 .40 0.860 0.90& O (i 0.280 0,440
A, B0 B.25 0.990 1.04 0.0=00 0.0500 .350 0.450
LYY S .83 E.B0O 0.940 1.37 0.0=00 0.0300 4. 56 0. 405
A8, o 80 E.10 0.910 1.11 ] ] ] ]
A, b2 LG ] ] 0.260
A0, 5.13 0.910 0. 760 O 0.0&00 0.270 0.2290
A8, 705 .97 1.50 1.14 ] 0.0100 0.300 0.410
A, B34 2.893 0.520 a./730 0.0100 0.0210 0..2350
A0, 12.7 9. 41 1.00 1.09 0.110 0.410 0.540 0.340
A8, a.44 G B0 2.8 a./740 0BTk 0.7B5 0. 452 1.2290
Cwstine B.30 G.34 0.930 1.03 0104 0.130 0.340 0.300
Cystine o 97 B.58 0.920 0.930 0.140 0.330 0.340
Cystine 2 .80 0.520 0.910 ..2590 0..240
Cwstine 420 0.700 0.570 0.140 0. 180

Cystine 297 2.91 1.33 0.570

HFELC 3.B5 543 1.76b 1.00 0262 0.09200 1.350 1..255
HPLC 12.1 3.45 1.83 0 0.190

HRPLC S .00 2.70

HFELC b.Bb 0.690 1.23 0171 0.31k 1.399 1.356
HPLC 5. 60 7.33 0.730 1.15 0167 0.320 0.331
HRPLC 0.5 222 0.4249 0,291 0.930 0.800 0.410
HFELC 11.3 222

HPLC B.11 .94 1.04 0.740 0,154 0.190 0.365 0.340
Cither 734 E.00 o100 0.970 0.2230 0.0300 0.310




20% data i1s Missing

SHT and | SHT and | SHT and | SHT and | SHT and | SHT and | SHT and | SHT and

Method PP 21 PP 26 PP 22 PP 25 PP 23 PP 27 PP 24 PP 28
A, ] 293 0.190 ] 0. 160
A, 4.51 4 .85 0.750 0.350 0 0.0950 0.370
A, B.30 .40 0.860 0.90& O (i 0.280 0,440
A, B0 B.25 0.990 1.04 0.0=00 0.0500 .350 0.450
LYY S .83 E.B0O 0.940 1.37 0.0=00 0.0300 4. 56 0. 405
A8, o 80 E.10 0.910 1.11 ] ] ] ]
A, b2 LG ] ] 0.260
A0, 5.13 0.910 0. 760 O 0.0&00 0.270 0.2290
A8, 705 .97 1.50 1.14 ] 0.0100 0.300 0.410
A, B34 2.893 0.520 a./730 0.0100 0.0210 0..2350
A0, 12.7 9. 41 1.00 1.09 0.110 0.410 0.540 0.340
A8, a.44 G B0 2.8 a./740 0BTk 0.7B5 0. 452 1.2290
Cwstine B.30 G.34 0.930 1.03 0104 0.130 0.340 0.300
Cystine o 97 B.58 0.920 0.930 0.140 0.330 0.340
Cystine 2 .80 0.520 0.910 ..2590 0..240
Cwstine 420 0.700 0.570 0.140 0. 180

Cystine 297 2.91 1.33 0.570

HFELC 3.B5 543 1.76b 1.00 0262 0.09200 1.350 1..255
HPLC 12.1 3.45 1.83 0 0.190

HRPLC S .00 2.70

HFELC b.Bb 0.690 1.23 0171 0.31k 1.399 1.356
HPLC 5. 60 7.33 0.730 1.15 0167 0.320 0.331
HRPLC 0.5 222 0.4249 0,291 0.930 0.800 0.410
HFELC 11.3 222

HPLC B.11 .94 1.04 0.740 0,154 0.190 0.365 0.340
Cither 734 E.00 o100 0.970 0.2230 0.0300 0.310




Likely transcription errors

SHT and | SHT and | SHT and | SHT and | SHT and | SHT and | SHT and | SHT and

Method PP 21 PP 26 PP 22 PP 25 PP 23 PP 27 PP 24 PP 28
A, ] 293 0.190 ] 0. 160
A, 4.51 4 .85 0.750 0.350 0 0.0950 0.370
A, B.30 .40 0.860 0.90& O (i 0.280 0,440
A, B0 B.25 0.990 1.04 0.0=00 0.0500 .350 0.450
LYY S .83 E.B0O 0.940 1.37 0.0=00 0.0300 4.55* 0. 405
A8, o 80 E.10 0.910 1.11 ] ] ] ]
A, b2 LG ] ] 0.260
A0, 5.13 0.910 0. 760 O 0.0&00 0.270 0.2290
A8, 705 .97 1.50 1.14 ] 0.0100 0.300 0.410
A, B34 2.893 0.520 a./730 0.0100 0.0210 0..2350
A0, 12.7 9. 41 1.00 1.09 0.110 0.410 0.540 0.340
A8, a.44 G B0 2.8 a./740 0BTk 0.7B5 0. 452 1.2290
Cwstine B.30 G.34 0.930 1.03 0104 0.130 0.340 0.300
Cystine o 97 B.58 0.920 0.930 0.140 0.330 0.340
Cystine 2 .80 0.520 0.910 ..2590 0..240
Cwstine 420 0.700 0.570 0.140 0. 180

Cystine 297 2.91 1.33 0.570

HFELC 3.B5 543 1.76b 1.00 0262 0.09200 1.350 1..255
HPLC 12.1 3.45 1.83 0 0.190

HRPLC S .00 2.70

HFELC b.Bb 0.690 1.23 0171 0.31k 1.399 1.356
HPLC 5. 60 7.33 0.730 1.15 0167 0.320 0.331
HRPLC 0.5 222 0.4249 0,291 0.930 0.800 0.410
HFELC 11.3 222

HPLC B.11 .94 1.04 0.740 0,154 0.190 0.365 0.340
Cither 734 E.00 D.*IDD* 0.970 0.2230 0.0300 0.310




Likely calculation errors

SHT and | SHT and | SHT and | SHT and | SHT and | SHT and | SHT and | SHT and

Method | PP 21 PP 26 PP 22 PP 25 PP 23 PP 27 PP 24 PP 28
Aot aE0X | 293 0.190v O e 160
A, 4.51 4.85 0.750 0.350 0 0.0950K| 0570
A, 5.30 5.40 0.860 0,905 0 0 0.280 0.440
A8, 5.70 5.25 0.990 1.04 0.0500 0.0500 0.350 0.450
A8, 5.83 5.60 0.940 1.37 0.0500 0.0800 4.56 0.405
A, 5 .80 5.10 0.910 1.11 0 0 0 0
A8, 5.72 4. 35 0 0 0.260
A28, 5.13 0.910 0.760 0 0.0500 0.270 0.290
A, 7.05 6.67 1.50 1.14 0 0.0100 0.300 0.410
A8, 5.34 283 0.520 0.730 0.0100 0.0210 0.230
A28, 12.7 9.4 1.00 1.09 0.110 0.410 0.540 0.840
A, 8.44 5.60 2.28 0.740 0.616 0.765 0.452 0.290
Cystine 5.80 5.34 0.980 1.03 0.104 0.130 0.340 0.300
Cystine 5.97 5.58 0.920 0.930 0.140 0.380 0.340
Cystine 2. 80 0.520 0.910 0.290 0.240
Cystine 4.20 0.700 0.570 0.140 0.180

Cystine 29 % D dIRIEE 05670

HPLC 3.65 5.43 1.76 1.00 0.262 0.0900 0.350 0.255
HPLC 121 3.45 1.83 0 0.150

HPLC .00 2.70

HPLC 5.65 0.590 1.23 0.171 0.316 0.399 0.386
HPLC 5 .60 7.33 0.730 1.15 0.167 0.320 0.331
HPLC 5.25 2,22 0.429 0.291 0.930 0.800 0.410
HPLC 11.3 222

HPLC 5.11 5 .94 1.04 0.740 0.184 0.190 0.365 0.340
Other 7.34 5.00 0.100 0.970 0.230 0.0300 0.310




Result reported as zero when should be “not measured”

SHT and [ SHT and | SHT and | SHT and | SHT and | SHT and | SNT and | SHT and

Method | PP 21 PP 26 PP 22 PP 25 PP 23 PP 27 PP 24 PP 28
A, ER=N 2.935 0.190 0 0. 160
o 4.51 4. 85 0.750 0.3s50 0 0.0950 0.370
o 5.30 5.40 0.850 0. 905 0 0 0.220 0.440
A, 5.70 5.25 0.990 1.04 0.0800 0.0500 0.350 0.450
oy 583 5.50 0.940 1.37 0.0500 0.0800 4 55 0.405
A, 5 80 5.10 0.910 1.11 0 * III* 0 * III*_
A, 5.72 4.35 0 0 0.250
oy 5.13 0.910 0.750 0 0.0500 0.270 0. 290
A, 7.05 5.87 1.50 1.14 0 0.0100 0.300 0.410
A, 5.34 2.83 0.820 0.730 0.0100 0.0210 0.2:30
oy 12.7 0. 41 1.00 1.09 0.110 0.410 0.540 0.840
A, 844 5.50 2.28 0.7 40 0516 0.765 0.452 0.290
Cystine 5.80 5.34 0.950 1.03 0.104 0.130 0.340 0.300
Cystine 507 5.58 0.920 0.930 0.140 0.320 0.340
Cystine 2.80 0.820 0.910 0.290 0.240
Cystine 420 0.700 0.570 0. 140 0180

Cystine 20 7 201 1.33 0.570

HPLC 3.65 5.43 1.76 1.00 0.262 0.0900 0.350 0.255
HPL 121 3,45 1.83 0 0190

HPLC 5.00 2.70

HPLC 5.6G 0.590 1.23 0.171 0.315 0.399 0.386
HPLC 5 50 7.33 0.730 1.15 0167 0.320 0.331
HPLC 525 222 0,429 0.291 0.930 0.800 0.410
HPLC 11.3 2.22

HPLC 5.11 5,04 1.04 0.740 0.184 0.190 0.355 0.340
Oither 734 5.00 0. 100 0.970 0.230 0.0300 0.310




Outliers results with no clear explanation

SNT and | SNT and [ SNT and | SNT and | SNT and | SNT and | SNT and | SNT and

Method | PP 21 PP 26 PP 22 PP 25 PP 23 PP 27 PP 24 PP 28
A 9.60 2.93 0.120 0 0.160
Aot 4.51 4.85 0.750 0.350 O 0.0250 [ 0.370
At 5.30 .40 0.860 0.905 0 0 0.250 0.440
A 6.70 6.25 0.990 1.04 0.0800 | 0.0500 | 0.380 0.450
A 5.83 6.50 0.940 1.37 0.0600 | 0.0800 4.56 0.405
At 5.80 E.10 0.810 1.11 0 0 0 0
A 6.72 4.36 0 0 0.260
Ao 5.13 0.810 0.760 0 0.0600 | 0.270 0.250
At 7.05 6.87 1.50 1.14 0 0.0100 | 0.300 0.410
A 6.34 2.83 0.820 0.730 0.0100 | 0.0210 | 0.230
Ao 12. 7 9 5.419% | 1.00 1.09 0.110 0.410 0.540 0.840
At 8.44 .60 2.28 0.740 0.616 0.765 0.452 0.250
Cystine 5.50 5.34 0.950 1.03 0.104 0.130 0.340 0.300
Cystine 5.97 6.58 0.920 0.930 0.140 0.380 0.340
Cystine 2.80< 0.820 0.910 0.290 0.240
Cystine 4.20 0.700) 0.570 0.140 0.150

Cystine 29.7 2. 1.33 0.570

HPLC 3.65 5.43 1.76 1.00 0.262 0.0800 | 0.350 0.255
HPLC 12.1% Sa59% | 1.83 O 0.150

HPLC 5.00 2.7

HPLC 6.56 0.630 1.23 0.171 0.316 0.399 0.386
HPLC 5.60 7.33 0.730 1.15 0.167 0.320 0.331
HPLC 5.25 2.22 0.429 0.291 0.930 0.800 0.410
HPLC 1.5 2.22

HFLC B.11 5.94 1.04 0.740 0.154 0.120 0.365 0.340
Other 7.34 .00 0.100 0.970 0.230 0.0300 | 0.310




Removing all outliers leaves 10 consistent Labs.......

SHT and [ SNT and | SNT and | SHT and | SNT and | SNT and | SNT and | SNT and

Method | PP 21 PP 76 PP 22 PP 25 PP 23 PP 27 PP 24 PP 78
FLYLY gl b 40 [ 5k 091 0,00 0,00 0,25 0,44
FLYLY b,/ b 25 54 1,04 0,05 0,05 0,55 [ 45
FLYLY 5,03 S Al 0594 1,37 0,06 0,03 0 46 0,41
FLYLY 5,13 [0 91 0.7k 0,00 0 0k 027 [ 24
A8, 7 05 k57 1 50 1,14 0,00 0,01 0,30 0,41
Cystine R G0 b 34 0 595 1,03 0,10 0,13 0,34 0,30
Cystine 5 4y afata 092 093 0,14 0,35 0,34
HFLC 3 h5 543 1.7h 1,00 0 2k 0,09 0,35 025
HFLLC b1 5594 1,04 0,74 0,18 0,14 0,37 0,34
Other 734 R 00 1,00 097 0,23 0,03 0,31




Summary Reproducibility
Cyst(nmol 3 cys/mg protein)

Within Lab CV 12%
Between Lab CV (all data) 104%

Between Lab CV (10 best labs) 17%



Poor Performance

ERNDIM is preparing to highlight poor
performance in all its schemes

Likely to be generous in interpretation
initially

The hope will be to improve
performance by education



Conclusions

A viable EQA scheme to assess laboratory
analytical performance has been successfully
established

I't has demonstrated
- Good agreement between at least 10 of the labs!
- No significant differences between methods

- Persistent poor performance by some labs, highlighting
problems of standardisation, calculation or
comprehension

It does not address the major variable of sample
preparation
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