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A RAD I0 I MMUNOASSAY FOR METHOTREXATE 
ADAPTED TO THE CENTRIA SYSTEM 2 

Maureen I .  Quin ton ,  Wynne Aherne and V incen t  Marks 
D i v i s i o n  o f  C l i n i c a l  B iochemis t r y ,  Department o f  B iochemis t r y ,  

and B r i g i t t e  Meriadec 
Union Carbide, Rue de Puech V i l l a ,  Z.O.L.A.D., 34000 

M o n t p e l l i e r ,  France. 

U n i v e r s i t y  o f  Surrey,  G u i l d f o r d ,  Surrey,  GU2 5XH, England. 

ABSTRACT 

An automated radioimmunoassay f o r  me tho t rexa te  u s i n g  an i o d i -  
na ted  t r a c e r  has been a p p l i e d  t o  t h e  c e n t r i f u g a l  ana lyse r ,  C e n t r i a  
System 2. 

Resu l t s  ob ta ined  f o r  serum samples c o r r e l a t e d  c l o s e l y  with 
those u s i n g  a manual radioimmunoassay method. A m a j o r  advantage 
o f  t h e  assay i s  i t s  p o t e n t i a l  f o r  p r o c e s s i n g  l a r g e  numbers o f  
samples r a p i d l y ,  making i t  h i g h l y  s u i t a b l e  f o r  r o u t i n e  c l i n i c a l  
use. 

INTRODUCTION 

The a n t i f o l a t e  drug, me tho t rexa te  (MTX) i s  e x t e n s i v e l y  used i n  

t h e  t r e a t m e n t  o f  v a r i o u s  forms o f  n e o p l a s t i c  d isease.  

t o x i c i t y  and e f f e c t i v e n e s s  a r e  r e l a t e d  t o  serum l e v e l s  o f  t h e  d r u g  

and d u r a t i o n  o f  exposure (l), and t h e  m o n i t o r i n g  o f  i t s  concen t ra -  

t i o n  i n  t h e  b l o o d  p l a y s  a v i t a l  r o l e  i n  t h e  t r e a t m e n t  o f  p a t i e n t s  

undergoing chemotherapy w i th  h i g h  doses o f  t h e  drug.  

Both 
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476 Q U I N T O N  ET AL. 

E x i s t i n g  methods f o r  t h e  measurement o f  MTX i n c l u d e  m ic ro -  

b i o l o g i c a l  (Z ) ,  spectrophotofluorimetric ( 3 ) ,  spec t ropho tomet r i c  

enzyme i n h i b i t i o n  procedures ( 4 )  and h i g h  p ressu re  1 i q u i d  chroma- 

tography (5 ) .  Radioimmunoassays (RIA) i n v o l v i n g  t h e  use o f  tri- 

t i a t e d  MTX as  t r a c e r  have been r e p o r t e d  (6-11)  and more r e c e n t l y  

R I A  methods u s i n g  1 2 q o d i n e  and 75Selenium as t r a c e r  have a l s o  

been i n t r o d u c e d  (12, 13, 14) .  Enzyme imunoassays  have a l s o  been 

desc r ibed  (EMIT, Syva Corpo ra t i on ,  Pa lo  A l t o ,  C.A. 94304; 15 ) .  

Immunoassay techniques f o r  t h e  measurement o f  MTX a r e  b o t h  

ex t reme ly  s e n s i t i v e  and easy t o  use, and a r e  consequent ly  be ing  

i n c r e a s i n g l y  used i n  t h e  c l i n i c a l  s i t u a t i o n .  

A radioimmunoassay f o r  MTX u s i n g  an 125 I o d i n e  t r a c e r  a p p l i e d  

t o  t h e  C e n t r i a  System 2 i s  desc r ibed  here. 

MATERIALS AND METHODS 

Reagents. 

MTX, aminop te r in ,  4 - a m i n 0 - N ~ ~ - m e t h y l  p t e r o i c  a c i d  and 2, 4-d ia-  

mino-6-methyl p t e r i d i n e  were k i n d l y  s u p p l i e d  by L e d e r l e  Labora to r ies .  

B i o l o g i c a l l y  p repared  7-hydroxy MTX was a generous g i f t  f rom 

D r .  A.Jacobs, N.I.H., Bethesda. 

ob ta ined  f rom t h e  Radiochemical Centre, Amersham. F o l i c  a c i d  and 

i t s  analogues, and N o r i t  A Charcoal were purchased f r o m  Sigma 

Chemicals L i m i t e d ;  Dex t ran  T-70 and Sephadex LH-20 f r o m  Pharmacia 

L i m i t e d ;  and i s o b u t y l c h l o r o f o r m a t e  f rom A l d r i c h  Chemicals. 

o t h e r  chemicals  and s o l v e n t s  were ob ta ined  from BDH Chemicals L i m i t e d  

Serum samples f rom p a t i e n t s  r e c e i v i n g  MTX were s u p p l i e d  by 

1125  sodium i o d i d e  (IMS 30) was 

A l l  
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RADIOIMMUNOASSAY FOR METHOTREXATE 477 

Dr. G.P.Mould, S t .Luke ' s  H o s p i t a l ,  G u i l d f o r d  and D r .  H.E.M.Kay, 

The Royal Marsden H o s p i t a l ,  Su t ton ,  Surrey.  Union Carb ide,  France, 

p r o v i d e d  t h e  t r a n s f e r  d i s c s ,  e l u t i o n  b u f f e r  and sheep double a n t i -  

body t a b l e t s  f o r  use w i t h  t h e i r  equipment. 

A n t i  body. 

The p r e p a r a t i o n  o f  s p e c i f i c  MTX a n t i s e r u m  has been d e s c r i b e d  

The (11 )  and an t i se rum b a t c h  HP/S/3 I I I B  was used i n  t h i s  s tudy.  

an t i se rum was used a t  an i n i t i a l  d i l u t i o n  o f  1:20,000. 

Radi ol i gand . 
12510d ina ted  M T X  was p repared  f o l l o w i n g  t h e  method d e s c r i b e d  

by Kame1 and Gardner (13)  w i t h  t h e  e x c e p t i o n  t h a t  a 50% methanol 

wash was added t o  t h e  Sephadex LH-20 column a t  f r a c t i o n  40 t o  e l u t e  

t h e  immunoreactive peak. 

app rox ima te l y  6-8 weeks when s t o r e d  u n d i l u t e d  a t  -2OOC. 

was d i l u t e d  as r e q u i r e d  i n  assay b u f f e r  t o  g i v e  20,000 cpm i n  50uL. 

The i o d i n a t e d  l a b e l  was s t a b l e  f o r  

The l a b e l  

Procedure. 

The b u f f e r  used th roughou t  t h e  procedure was 0.05M phosphate, 
R 0.1M NaC1, pH7.4, c o n t a i n i n g  2g/L BSA. Ox fo rd  d i spensers  o r  a 

Compu-pet (Warner D i a g n o s t i c s  L i m i t e d )  were used f o r  a l l  d i l u t i o n s  

o f  s tandards and p a t i e n t  samples. 

was t h a t  d i l u t i o n  which bound 50% o f  t h e  added l a b e l .  The MTX 

standard was s t o r e d  a t  4OC as a s t o c k  s o l u t i o n  o f  100 mg/L (2.20 x 

lO-'mol/L) and was found t o  be s t a b l e  f o r  up t o  2 months. 

s tock  s o l u t i o n  was used t o  prepare a work ing  s o l u t i o n  c o n t a i n i n g  

R 

The amount o f  an t i se rum used 

T h i s  
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478 QUINTON ET AL. 

lOvg/L which was d i l u t e d  t o  g i ve  a range o f  standards 0-8pg/L 

(0-1.76 x lO-*mol/L). 

The Cent r ia  System 2 cons is ts  o f  3 sect ions:  a p i p e t t o r /  

The d i l u t o r ,  and incubator/separator and a counter/computer. 

p i p e t t o r / d i l u t o r  dispenses the  standards o r  p a t i e n t  samples 

(50vL per w e l l ) ,  antiserum (2OOvL pe r  w e l l )  and t r a c e r  

(50vL per w e l l )  i n t o  a t r a n s f e r  d isc .  

i n  the incubator/separator which mixes, incubates and separates 

the  products o f  the reac t ion .  Cent r i fuga l  f o rce  i n i t i a t e s  a l l  

reac t ions  simultaneously by moving reac tan ts  t o  the  ou ter  

c a v i t i e s  o f  the  d i sc  f o r  the f i r s t  incubat ion  (10 minutes) and 

then on t o  the  columns f o r  t he  second incubat ion  ( 5  minutes). 

Separation o f  the f r e e  and bound products using double ant ibody 

t a b l e t s  begins when the  r o t a t i n g  d i s c  accelerates t o  i t s  second 

speed. 

the counter/computer which counts 3 columns simultaneously and 

processes the data. 

Fig.  1. 

The d i sc  i s  then placed 

The r a d i o a c t i v i t y  remaining on the columns i s  counted i n  

The d e t a i l s  o f  t h i s  procedure are o u t l i n e d  i n  

Results obtained i n  the  Cent r ia  were compared w i t h  those 

obtained by a manual R I A  method (11) using 12510dine- label led M T X  (13). 

Standard Curve. 

Fig.2 shows the mean curve o f  t en  consecutive MTX standard 

curves, se t  up on the same day, obtained us ing  the  Centr ia.  

Inter-assay v a r i a t i o n  o f  several standard curves s e t  up on 
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sheep anti-MTX 
sample or standard +I125 
mn 

double antibody tablet 

‘Plug 

1.  Prior to spin 

I IF4 

MTX b4 
2. First incubation, 110 rpm 

1 

4. Second incubation, llOrpm 

Double antibody tablet 
swells with incorporation 

3. Transfer, 200rpm 5.  Elution, 2OOrpm 

6 .  Separation complete 
- columns are counted (bound fraction) 

FIGURE 1 The P r i n c i p l e  o f  t he  Cent r ia  System 2. 
(~OOUL), 12510dinated-MTX (50pL), samples o r  MTX 
standard (50pL). F i r s t  incubat ion  t ime (10 minutes),  
second incubat ion  t ime (5  minutes), count ing  t ime per 
column (60 seconds). 

Sheep anti-MTX 
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FIGURE 2 Intra-assay variation o f  10 standard curves prepared 
using the Centria System 2. 
deviation at each point i s  shown. 

The mean and standard 
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RADIOIMMUNOASSAY FOR METHOTREXATE 481 

consecu t i ve  days was a l s o  determined (Table 1 ) .  The s e n s i t i v i t y  

o f  t h e  assay on t h e  C e n t r i a  was c a l c u l a t e d  t o  be 75ng/L (1.7 x 

10- lOmo l /L )  (16 ) .  

The a d d i t i o n  o f  5 0 ~ 1  o f  normal human serum t o  t h e  s t a n d a r d  

c u r v e  d i d  n o t  s i g n i f i c a n t l y  a l t e r  i t s  shape o r  t h e  percentage 

b ind ing .  MTX added t o  serum a t  a c o n c e n t r a t i o n  o f  lOOug/L 

(2.20 x O-7mol/L) c o u l d  be recove red  q u a n t i t a t i v e l y  (96.8% 

recovery  n = 8 )  w i t h o u t  p r i o r  t r e a t m e n t  o r  e x t r a c t i o n  o f  t h e  

sample. 

TABLE 1 

DATA f r o m  10 CONSECUTIVE STANDARD CURVES SET UP on  t h e  CENTRIA 
SYSTEM 2. MEAN and STANDARD DEVIATION VALUES ARE GIVEN FOR 
EACH POINT. 

I n t r a - a s s a y  I n t e r - a s s a y  
V a r i a t i o n  V a r i  a t i on 

ze ro  b i  nd i ng 
( %  t o t a l  ) 
Standards 
(% ze ro )  

49.0 t 1.5 47.4 2 2.0 

0.5 (0.11 x lO-*mol/L) 80.4 0.9 79.7 t 1.9 

1 .o 
2.0 (0.44 x lO-'mol/L) 48.9 1.6 49.4 2 4.1 

4.0 (0.88 x 10-'mol/L) 32.6 t 1.8 32.9 t 3.3 

8. O d L  

(0.22 x lO-'mol/L) 66.9 1.0 66.1 t - 3.8 

(1.76 x lO-'mol/L) 20.2 1.5 20.1 t - 2.9 
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C1 i n i c a l  SamDles. 

Two pools o f  

QUINTON ET AL. 

sera from pa t ien ts  rece iv ing  MTX as p a r t  o f  

t h e i r  t reatment were assayed several t imes on the  Cent r ia  over a 

per iod  o f  one month. Mean values o f  0.84 x 10-6mol/L ( n  = 15, 

c o e f f i c i e n t  o f  var iance 10.0%) and 1.2 x 10-5rnol/L ( n  = 6, 

c o e f f i c i e n t  o f  var iance 9.5%) were obtained. 

(C.V.) was 3.3% (n  = 10, mean value 0.82 x 10-6mol/L) and 3.0% 

( n  = 10, mean value 1.14 x 10-5mol/L) f o r  the  low and h igh  q u a l i t y  

con t ro l  pools respec t ive ly .  

Intra-assay v a r i a t i o n  

The MTX concent ra t ion  i n  76 serum samples obtained from 

pa t ien ts  rece iv ing  MTX treatment was measured by bo th  methods. 

The concentrat ions ranged from 0.88 x 10-gmol/L t o  5.73 x lO-'+mol/L. 

The c o r r e l a t i o n  c o e f f i c i e n t ,  r, was 0.998, P < 0.001, y = -0.082 t 

0.990xwhen y represents the  r e s u l t s  obtained on the Centr ia.  

r e s u l t s  are i l l u s t r a t e d  i n  Fig.3. 

The 

S p e c i f i c i t y  o f  MTX Antiserum. 

Antiserum HP/S/3 I I I B  was assessed f o r  i t s  c r o s s - r e a c t i v i t y  i n  

both methods by rep lac ing  standard MTX i n  the assay w i t h  analogues 

o f  MTX a t  concentrat ions up t o  2.20 x lO-'+mol/L. Resul ts obtained 

w i t h  s t r u c t u r a l l y  r e l a t e d  compounds are  shown i n  Table 2. 

DISCUSSION 

The antiserum chosen f o r  the development o f  a MTX R I A  on the  

Cent r ia  was a v a i l a b l e  i n  l a r g e  q u a n t i t i e s  and had a high t i t r e .  
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- 
n = 76 
r = 0.998 
y =-0.082 t 0.99ox 
p < 0.001 

h I 

. .  .. 
. l Y  
+ I  . 

. 

F I G U R E  3 Cor re la t i on  between serum MTX l e v e l s  ach 
Cent r ia  and Manual R I A  methods. 

eved us ing  the  

This antiserum was obtained f o l l o w i n g  one prime and three booster 

i n j e c t i o n s  w i t h  a methotrexate-ovalbumin imnunising conjugate and 

had s i m i l a r  s p e c i f i c i t y  c h a r a c t e r i s t i c s  t o  an e a r l i e r  b leed 

(HP/S/3 IIA) from the same animal (11). 

R I A s  f o r  MTX, the major cross-reactant was 4-amin0-N~~-methy l  

p t e r o i c  acid,  and the  s ign i f i cance  o f  any i n te r fe rence  by t h i s  

minor metabo l i te  on MTX measurements i n  serum samples has s t i l l  t o  

be adequately defined. 

A s  w i t h  o the r  publ ished 
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484 QUINTON ET AL. 

TABLE 2 

SPECIFICITY o f  ANTISERUM HP/S/3 I I I B  USING BOTH THE CENTRIA and 

RATIO o f  the AMOUNTS REQUIRED t o  PRODUCE 50% B I N D I N G  o f  ZERO. 
MANUAL R I A  METHODS. THE CROSS-REACTION I S  EXPRESSED AS THE 

Cent r ia  R I A  

Methotrexate 100.0 

4-ami no-N1 O-methyl p t e r o i c  ac id  48.0 

Ami  nop te r i  n 55.0 

7-hydroxy MTX 4.0 

2 ,  4-Diami no-6-methyl p t e r i  d ine 0.63 

F o l i c  Acid < 0.009 

F o l i n i c  Acid < 0.009 

100.0 

62.5 

39.3 

3.0 

0.9 

0.5 

0.005 

N a t u r a l l y  occur r ing  f o l a t e s  and f o l i n i c  a c i d  d i d  n o t  d isp lace  

1125-MTX bound t o  ant ibodies,  even a t  concentrat ions l o 4  times 

grea ter  than t h a t  o f  MTX, p e r m i t t i n g  the measurement o f  MTX t o  be 

made i n  the presence o f  a r t i f i c i a l l y  ra i sed  l e v e l s  o f  f o l a t e s  (e.g. 

dur ing  f o l i n i c  ac id  rescue). 

The automated radioimmunoassay described i n  t h i s  paper has pro- 

ved r e l i a b l e  and reproduc ib le  i n  r o u t i n e  use f o r  mon i to r ing  MTX 

concentrat ions and has an in te r -assay  v a r i a t i o n  as low as 3.0%. 

The equation o f  the  regress ion  l i n e  shows a 16% d i f f e r e n c e  between 

the two methods which could be due t o  the d i f f e r e n t  separat ion 
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RADIOIMMUNOASSAY FOR METHOTREXATE 485 

techniques used, these being dextran-coated charcoal and double 

ant ibody f o r  the  manual (11) and automated methods respec t i ve l y .  

Radioimnunoassay, espec ia l l y  when a gamma-emitting i so tope  i s  

ava i lab le ,  i s ,  because o f  i t s  speed and ease o f  performance, 

h i g h l y  s u i t a b l e  f o r  the  c l i n i c a l  mon i to r ing  o f  p a t i e n t s  r e c e i v i n g  

chemotherapy. 

enables t h e  operator t o  process a l a rge  number o f  samples a day as 

each run, w i t h  a maximum capac i ty  f o r  18 samples, takes on ly  30 

minutes t o  complete. 

The a p p l i c a t i o n  o f  the  MTX R I A  t o  the  Cent r ia  
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