Subjects

CHAPTER lli

MATERIALS AND METHODS

The subjects of this study were ninety children with acute lymphoblastic

leukemia in remission maintenance and off therapy at King Chulalongkom Memorial

hospital and Ramathibodi hospital (Table 2 ). Ethic approval of this study was obtained

from both Ethics Committees of King Chdd@ﬂgkom Memorial hospital and Faculty of

Pharmaceutical Sciences Chulalongkomn university-Informed consent was received from

all participants. Exclusion crileria.were hépatic and renal problems, and receiving blood

transfusion.

Table.2 Characteristic 0
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Hospital Number ?*';c'fer_:n 3 :Age (year) * period of therapy
Chulalongkom | 53 )‘i?S i ‘Average =3-18 | Toff=8
J 7 "..'} ?3{{%9;?614-67) * maintenance = 20
F,;ﬁ L%Erage =115 |off=12
LA - 4(6.2413.66) L., | maintenance = 13
Ramathibodi | 37 44 M=25 Averaye = 35#T off=7
v (9.0¢4.46) maintenance = 18
F=12 Average|=3-15 off = none
(6.81+4.26) maintenance = 12

*Period of therapy = treatment (“ maintenance phase) of no treatment (Yoll‘ drug)

M = male; F = female




Solution preparation

1. 6-Mercaptopurine solution at concentration 18 milligram per milliliters (mg/ml)
6-Mercaptopurine 180 mg was dissolved in 10 ml of Dimethylsulfoxide
(DMSO) and divided into a small package of 1 ml which protected from light and
kept at 4 °C.

2. Chelex-100 suspensions

The chelex-100 W y the addition of concentrated
5 The chelex was then rinsed 3
unnl the pH of the slurry was

illed water and was stored at

hydroxide and dissolved i m
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fsMiﬁ with 41.5 ml of sodium

- 50 ml of gqhssmm phosphate

ﬂumwﬂmwmm
awmﬂﬂmummmaﬂ



Chemicals

0.9% Normal saline solution

6-Mercaptopurine, 6-MP (Sigma, U.S.A.)
6-Methylmercaptopurine, 6-MMP (Sigma, U.S.A.)
Acetonitrile (HPLC grade)
Agarose gel (Gibco BRL)
Allopurinol (Sigma, U.S.A.)

Ethylium bromid ‘
Ethyl acetate (AR A
vl W dey

Iced-cold water ‘;’” ;',’:', '

Methanol (HPLC grad e 2

JT; ; E
Nitrogen gas = ;.--" Bers

O-phosphoric a ___;;‘ h
phosp! v &) ‘\‘

Potassium phosplﬂ S ; Iﬂ

QlAameDNA Mini Kit..,

D) DUNINYINT
Waﬁmﬂﬁﬁ NYIRY

Triethylamine, TE (AR grade)
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Materials

Beaker

Bottle 1,000 ml
Centrifuge tube
Cylinder
Erlenmayer flask
PCR tube

Plaster pipet
Sample vial 2 ml a

Volumetric flask

Instruments
Automatic pipet
Column C,, (Alitec

Digital balance (Me

,,,,,,,

High speed refrig&f .
Hot air oven (Memm’erg iy
eI FMBIPTIN 1N

Polymeras& chain reaction .PC%(Perkin Eimer Gene Amp 2400)
o

FRIRIATITNIANAY

Shaker water bath adjust temperature at 37°C. (Heto

5C del CR20B3)

Shaker water bath adjust temperature at 4°C. (Hetofrig®)
Sonicator (Elma®, Germany)

Vacuum pump (GE® motors)

Vortex mixture (Clay° adam, U.S.A)

Water bath
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Methods

1. Preparing thiopurine methyltransferase from red blood cell

Principle

Thiopurine methyitransferase (TPMT) activity presents in red blood cell
(RBC) was correlated with TPMT in other human tissues. So in the present
investigation, TPMT activity was measu,re{d in to represent the activity of TPMT in

# rJ

ALL children.

&

Procedure 7

Three milliliter%fﬁ be wholel'hblood was collected by venipuncture into
EDTA vacutainertubes! Red/blood c-_ell:(RBC), white blood cell and plasma were
separated by ceu/ "'tip‘n at 4“C 000 rpm for 10 minutes. The plasma and
buffy coat (white pé; cell) were J'scarded Aliquot of 1.8 ml, 0.9% nommal
saline solution was qéded fo lhp RBC,. and the RBC were gently resuspended.
After centrifugation at A°C 3~000 rpm 165, 10 minutes (min), supematant was

discarded. The RBC were washed twnce,w:th 0.9% normal saline solution. Finally,

gy ™=

volume of RBC was ad;usted to 3 ml with 0.9% rjormal saline solution. The

hematocrit of resi_ll‘spended RBC was measured. Aftgca*hat, it was centrifugation
at 4°C, 3,000 rpm for 10 min, supermatant was discarded. The RBC were lysed
by adding_iced-cold water and volume‘was adjusted to 6 ml. The RBC lysate
was centrifuged at 4°C, 13,000x \g'for 10 min, supematant was removed and
used for enzyme assays. TPMT activity was. either measured immediately or

stored at -80°C, under these;cenditions, the enzyme is stable;for several weeks.

One milliliters of water was added to the buffy coat for lysis RBC which
remaining in part of buffy coat. After centrifugation at 6,000 x g for 2 min,
supematant was discarded and the buffy coat were washed. DNA was
separated from buffy coat by QIAamp®DNA Mini Kit. DNA was measured
quantitatively by UV absorbance detector and can be stored at -20°C until

analysis.
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2. Increased sensitivity of thiopurine methyltransferase activity from erythrocyte by

inhibition of Hypoxanthine Guanine Phosphoribosyltransferase (HGPRT)

Principle

6-Mercaptopurine (6-MP) is a substrate in studying thiopurine
methyltransferase activity from erythrocyte. 6-MP is converted by several
metabolic pathways e.g. xanthine oxidase, hypoxanthine guanine

phosphorobosyltransferase (HGPRT) and thiopurine methyltransferase (T PMT).

Chelex-100, the chelating resin~oi~"magnesium was used to inhibit
hypoxanthine guanine phosphorc—;bosyltransferase which was a magnesium
depende'nt enzyme and also plresented in" the erythrocyte. Inhibition of
competitive metabolic pathway of é—MP by HGPRT would indirectly increase the
activity of TPMT. g

Procedure

900 pl of erythrocyte lysaie wagﬁfmglated by adding 100 pl of Chelex-100
resin, followed by genile ib(aﬁOn for 1¥t‘ﬁ°0 and centrifugated at 4°C, 7,000x

g for 10 min, supematant‘was":remove&"‘a"ﬁdkept at -20°C until analysis.

3. Thiopurine methyltransferase activity measurement.

Principle

Thiopurine methyltransferase activity in erythrocyte has been firstly
meastired \by. a, fadiochemical dssay bat, more! recently, HRLC methods have
beén published. All these methods are based on the in vitro conversion of G-
Mercaptopurine (6-MP) to 6-methylmercaptopurine (6-MMP), using S-adenosyl-
L-methionine (SAM) as the methyl donor. Advance of HPLC methods is lesser

danger and cost compare to radiochemical assay.
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Procedure

3.1

3.2

Incubation conditions

Solutions of 6-MP in DMSO were prepared immediately prior to the
incubation. Solutions of SAM, allopurinol and dithiothreitol in water were kept
at -20°C. After slow thawing, 900 p! of erythrocyte lysate was chelated by
adding 100 ! of Chelex-100 resin, followed by gentle rotation for 1 h at4°C
and centrifugated at 4°C, 7,000 %9 for 10 min, supematant was removed
and kept at -20°C until analysis.i"ﬁli_ﬁuots of 100 pl of supematant were
incubated with 25 il polassium phosph:t; buffer (0.15 M, pH 7.5), 25 i of
a mixture containning SAM (ﬁnal concentration 12 pM), allopurinol for
inhibiting the?,;(e oxldasi pathway (final concentration 48uM), and
dithiothreitoi“to pgotegt the: thlol g;oup from oxidation (final concentration 1
4 lution (final concentration 3.8 mM) in a final volume

. | L
‘. ]

was incubated for 1 h at 37 °C in a shaking water

mM), and 5 ul of

bath. For the e n éiq‘b. to"'é'écﬁ tube, added 7.0 ml of ethyl acetate.

The tubes were ed,fo_r 3 min, ﬁyen‘,gentnfuged at 4°C, 3,000 rpm for 10

-

min. Five ml of the org_ar_yc.phase were removed and evaporated to dryness
= 2

under nitr_gg.en. The residue was dissolved in 2_1,39 ul of the mobile phase,

transferred -(é a conical micro vial and placed in-éxe autosampler for HPLC

analysis and-50 pl was injected into the chromatograph.

HPLC conditions

Column: C,q (250mm. x 4mm x 5 ym) with guard column
Detector-UVwavelength, 290,nm;

Flow rate: 1.5 ml/min

Mobile phase:
Water: Acetonitrile: Triethylamine = 90.7: 9.0 : 0.3 adjusted pH by

O-phosphoric acid to 3.0 and added dithiothreitol (DTT) 0.1 g/L



28

4. Method Validation

Principle

Analytical method validation includes all of procedures recommended to
demonstrate that a particular method for the quantitative measurement of an
analyst in erythrocyte lysate is reliable and reproducible. The parameters
essential to the validation include selectivity, linearity, recovery, within-run and

between-run precision and accuracy, limit of quantification (LOQ) and limit of

detection (LOD).
J
Procedure
# il
4.1 Selectivity " \

Selecnwty mcludes the' abnmy to separate the analyst from degradation
products, metabohtes and co-adm:mstered drugs. Blank human erythrocyte

lysate samples from snx dlfférent human sources were evaluated to

fLAN 47
&

determine the presence of any m}erferences across the retention windows
of 6-MMP. ¥ as il

4.2 Linearity ) e o

The Imegmy'ofzrran‘atyncai‘memmmﬁy to elicit test results that

are dnrectly, or by a well defined mathematical transformation, proportional

to the concentratnon of analyst in samples wnthmua given range. Linearity can

be expressed as a calibration curve which is the relationship between

instrument response and known concentration of the analyst. A calibration

curve sheuld be prepared in the same’ biological matrixi as the samples in

the intended by spiking with known concentrations of the analyst.

The stock solution of 6-MMP in DMSO was prepared and appropriate
volumes added to a 155 pl aliquots of blank erythrocyte lysate. The
standard mixture of 6-MMP ranged 50-1000 ng/ml. Erythrocyte lysate
standards were prepared and analyzed as described in section 3 under

incubation condition. Peak area and concentrations of each analyst was
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plotted and the relationship between these variables was explained by

regression analysis.

Limit of quantification (LOQ) and Limit of detection (LOD)
Limit of detection (LOD) is the lowest concentration of an analyst in a
sample that can be detected, but not necessary quantified under the stated

conditions of the test.

Limit of Quantification (LOQ) is the lowest concentration of an analyst
that can be determined with accepiablesprecision and accuracy under the

stated conditions of the iest.

Erythrocylelysaie siandard containing 25 and 50 ng/mi of 6-MMP were
prepared by senany spskmg mto 155 pl blank erythrocyte lysate. Standard
were sub,ecte;,d to sample pLepax:atlon and analyzed as described in section
3. The acceptable prec:snon (%&SD) was 20% and accuracy (%Bias) was
20%. | o ,) é

Precision i ; p

The precision of a bloanalytlca}Tnethod is a measure of the random error

and is deﬁned as the agreement between rephcate measurements of the

same sampfe Precision can be considered as ha\nng a within assay batch
component -of repeatability which defines the- ability to repeat the same
methodology. with "the_same_analyst, using the same reagents in a short
interval of time, ‘e.g. ‘within' a day. This is' also tknown as intra-assay
precision. The ability to ‘repeat the same methodology under different
conditionis, e.g. 'changet of+/analyst, reagenis' or equipment, or on
subsequent occasions, e.g. loss several days or weeks, is covered by the
between batch precision or reproducibility, also known as inter-assay

precision.

- Intra-assay
Erythrocyte lysate samples spiked with 6-MMP at 50, 100 and 500ng/ml

were prepared and analyzed as described in section 3.
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- Inter-assay

The inter-assay was evaluated over three days with five replicates of
erythrocyte lysate samples being prepared in the same manner as those

described in intra-assay.

The precision is expressed as the percentage relative standard deviation
(%RSD) of the replicate measurements. The %RSD value should be within +

15% except at LOQ, where it should not deviate by more than + 20%.

9% RSD = (standard devialien/mean) x 100
-

4.5 Accuracy

4.6

The accuracy of an analy!{cal method is the closeness of mean test
results obtained by the me_thod_ t9 the true value of the analyst. The amount
of analyst added @and found in:spiked erythrocyte lysate sample obtained
from section 4.4 were t;sed to:lkf‘t:;lculate the accuracy of the developed
method. Accuragy is bést’ reporié?? as percentage bias which is calculated

Al o ¥

from the expression: . —,
d J anad do g

o

.

%Bias = [(measured v_av‘TQeit_:ye value)/true value] x 100

The accumﬁwﬂh&mMﬁ% at all concentrations.

Recovery !

The recovery of an analyst in an assay is the detector response obtained
from ‘an lamount of the analyst added to and extracted from erythrocyte
lysate, compared to the detector response obtained for the true
concentration of (the pure standard. Recovery reiates' to- the extraction

efficiency of an analytical method within the limits of variability.

Set A : Five replicates of erythrolysate éamples spiked with 6-MMP at 100,
250 and 500 ng/ml were prepared and carried out the entire procedure as
described in section 3.

Set B : Five replicates of erythrolysate samples were prepared and

extracted with the 7 ml of ethyl acetrate. The tubes were mixed for 3 min,
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then centrifuged at 4°C, 3,000 rpm for 10 min. Five ml of the organic phase
were removed and evaporated to dryness under nitrogen. The residue was
dissolved in 200 p! of the mobile phase, transferred to a conical micro vial
and placed in the autosample for HPLC analysis and 50 pl was injected into

the chromatograph.

Extraction efficiency was calculated by comparing peak area obtained from
spiked erythrolysate sta \“ ! ith those obtained from set B. Values

for absolute recovery of metho an 50, 80 and 90% have all been
_d

ACCepla nc |imi<
Absolute recévery= (= o analyl t i:«.. atrix (pro cessed) X 100
- / /B\\\v\ (processed)
\ .

used as numernce

AULINENINYINT
RIAINIUNRINYIAY
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5. Detection of TPMT variants by Polymerase Chain Reaction (PCR)

Principle

The polymerase chain reaction (PCR) is an in vitro technique which allows
the amplification of a specific deoxyribonucleic acid (DNA) region, that lies
between two regions of known DNA sequence. PCR amplification of DNA is
achieved by using oligonucleotide primers, also known as amplimers. These are
short, single-stranded DNA molecules \Nh/ICh are complementary to the ends of a
defined sequence of DNA template. Th; ‘primers are extended on single-
stranded denatured DNA (templéfe) by a DNA polymerase, in the presence of
deoxynucleoside trphosphates (dNTPs) under suitable reaction conditions. This
results in the sypﬂez;sp; new -DNA strands complementary to the template
strands. These s d emst at 1hl8‘ stage as double-stranded DNA molecules.
Strand synthesis ¢ mpéated t§y heat denaturation of the double-stranded
DNA, annealing of p ers by, poolmg ‘the mixture and primer extension by DNA
polymerase at a tempefature suutablefnr the enzyme reaction. Each repetition of
strand synthesis con:pnses_a cycle;dt:{amphﬁcatnon Each new DNA strand
synthesized becomes a iemplate for ahy further cycle of amplification and so the

amplified targeﬁ

10) The product of PCR is specificaily cut by restnéhon enzyme that tailored with

site of recogmze. The final product is detected by gel electrophoresis method

p cycle after cycle. (figure

(Newtonand Graham, 1997).
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Figure.10 The polymerase chain reaction. PCR is a cycling process; with each cycle the number of
DNA targets doubles. The stands in the targeted DNA are separated by thermal denaturation and
then cooled to allow primers to anneal specifically to the target region. DNA polymerase is then used
to extend the primers in the presence of the four dNTPs and sditable buffer. In this way duplicates of
the original target region are produced and this ‘cycle’ is nommally repeated for 20-40 cycles. The
short ‘target’ products, which increase exponentially after the fourth cycle, and the long products,

which increase linearly, are shown. From Newton and Graham, 1997.



34

Procedure

- Detection of G238C

To detect the G238C mutation, we used a PCR assay, using 0.1 uM of
primers  P2W  (5'-GTATGATTTTATGCAGGTTTG-3') or P2M  (5'-
GTATGATTTTATGCAGGTTTC-3') with 0.1 uM of  primer P2C (5'-
TAAATAGGAACCATCGGACAC-3"). Genomic DNA, 500 ng, was amplified. We
used 5 pl of 10xbuffer, 2.0 mM MgCl,, 200 uM dNTPs and 1 unit Taq polymerase.
The total volume of reaction was 50 ul ‘The' PCR amplification was done for 30
cycles consisting of denaturation at 94°C for 30 Sec, annealing at 60°C for 30
sec, and extension at 72°C for 30 sec-.,JUnpuriﬂed PCR products were analyzed
by electrophoresis in 1.5% agarose gel stained with ethidium bromide. A DNA
fragment was amplifi egA( thP2M/and PEC primers when either C238 (variant) or
(G238 (wild type) was Bpesent (ﬁgure 11); »

.)' J i id
Y Y PRy ¥ C238
# 5 .l ‘:’ *'.

Sy e "N EXON 5

tron & [ TG | irens - leon 4[] bkons
T P
Pzwci“;:) =Pt Pamc—) —Drc

F
'-_r- -

’///////7//////’///////////1//;

Primers’:

256 bp >

Genotype: *21+2 *1/+2 *1f+1

(Wt = P2W + P2C; Mut « P2M + P2C)

Figure.11 PCR product of G238C; Wt = wild-type, Mut =mutant.
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- Detection of G460A

To detect the G460A mutation, we used a PCR assay, using 0.5 uM of
primer P460F {5'-ATAACAGAGTGGGGAGGCTGC-3") and P460R (5'-
CTAGAACCCAGAAAAAGTATAG-3'). Genomic DNA, 500 ng, was amplified. We
used 5 pl of 10x buffer, 1.5 mM MgCl, 200 pM dNTPs, and 1 unit Taq
polymerase. The total volume of reaction was 50 pl. The PCR amplification was
done for 30 cycles consisting of denaturaii?n at 94°C for 30 sec, annealing at 63
°C for 30 sec, and extension at 72°C for So/s{ef‘r__be PCR product was digested
with Mwo | (New England.Biolabs) for' 1 hi at 50‘30. Digested products were
analyzed using 1.5% mysﬁ" gel electrophoresis. Mwo | digestion of wild-type

DNA yielded fragment of 0 "éndh98 ase pairs, whereas DNA containing the

7 GasoA
S, I
,":'.'; j F]
4+ EXON7 — 8
F 4 i iy s 2
et T e—
P460F, =) | 4 P460R
e — — tpop—— -~
A I A
Ly o

G460 \\460
Mwo i

g bz Digestion
267bp Wby 385 bp

Wirwe  WiiMut  Mut/Met

Figure.12 PCR product of G460A; Wt = wild-type, Mut =mutant

T 2123554
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- Detection of AA719G

To detect the A779G mutation, we used a PCR assay, using 0.4 puM of
primer P719R (5'-TGTTGGGATTACAGGTGTGAGCCAC-3") and PT19F  (5'-
CAGGCTTTAGCATAATTTTCAATTCCTC-3'). Genomic DNA 500 ng was
amplified. We used 5 pL of 10x buffer, 2 mM MgCl,, 200 uM DNTPs, and 1 unit
Taq polymerase. The total volume of reaction was 50 pl. The PCR ampilification

was done for 30 cycles consisting of denaturation at 94°C for 30 sec, annealing
at 60°C for 30 sec, and extension at 72°C for 30 sec. The PCR product was
digested with Acc | (New England Biolabs) fof 2:nr at 37°C, and analyzed using
1.5% agarose gel electrophoresis. The A719G mutation introduces an Acc |
restriction site in the amplificd fragment and yields fragments of 207 and 86
base pairs. Wild-type DNA wiclds an anleaved fragment of 293 base pairs

4

(figure 13). -

=
i
y A

i<

ATI9G
"J."... ’;
. intren & A ,
5 =5 1 EXON10 |~ 3
P7T19F —p y 4= P7T19R
cha L
vz

AT \6719
“Acc ]

zzzezys « Digestion

283 0p

Wwiiwy WiiMul MuliMul

Figure.13 PCR product of A719G; Wt = wild-type, Mut =mutant.
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. Statistical Methods

TPMT activity is expressed in nanomoles of 6-MMP formed per milliliter of
packed red blood cells per hour (nmol/h/ml PRBC). Results are expressed as
mean = standard deviation and probit analysis. Variations of TPMT mutant alleles

were expressed with percentage. Data comparison was tested by t-test.

AULINENINYINT
ARIANTAUNNINGIA Y
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