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(57) Claim

1. A method of assay for a ligand in a sample

comprising

(1) incubating the sample, sequentially or simultaneously,

with a first specific binding partner to the
ligand and with an aliquot of reagent X,compr;sing
a second specific binding partner to said ligand
or a ligand analogue, said reagent X being
bound, directly or indirectly, to a detectable
label;

(ii) removing substantially all of said first specific
binding partner and an amount of said reagent
% from the assay medium, the amount of reagent
X being a function of the amount of said ligand;
and

(iii) determining, by'means of said deteptable‘label, i@
the amount of reagent X removed from the assay
medium; characterized in that the assay is
normalised by comparison with a standard assay
which includes the step of 1ncubat1ng an aliquot
egstazrzﬁiigiifgzgﬁhﬁ.or an aliquot of a reagent

(reagent Z comprising an appropriate reagent
labelled analogouely to reagent X) with a specific

blndlng partner (not belng said l1gand) therefor.
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4. A method as c'l'aimed-lin-. .én_yr one of claims 1 to 3_‘wliereinﬁ' the li_g_a,nd'_

S Lt Mk xipbanit

under assay is an antigen.

S. A theth,od as élaj_rned in claim 4 wherein the antigen is prolactin.
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(57) Abstract
The invention relates to a method of assaying for a ligand in a sampie which incorporates a non- antlgen calibrator. Thls

provides pamcular advantages when the antigen which it is desired to assay is uastable in liquid form. "he invention also relates
to a kit for carrymg out a method of assay accordmg to the invention: -.
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- . Method of Assay U\'\'\\\s\ﬁg_
No(\ L\o\cxr\d C,Q\\brcr\-oﬁ ’

The present 1nvent1on relates to assay technlques
"and to means for putting such techniques into effect.
-In partlcular it relates-to an improved assay,technlque
which provides a liquid calibrator for use in standard

5 assays in circumstances where the 11gand itself is
unstable in solution or is rare, expens1ve or dlfflcult
to prepare in a sufficiently pure and/or quantifiable
form. -
The conventional multipoint calibration assay
10 methodology facilitates normalisation of unknown
sample values with respect to recurring,variations
in assay conditions. This system requires batch
analysis of unkno@ns run with a replicate calibration
or standard curve from which the unknown values are
15 1nterpolated , :
An 1mprovement over this multipoint calibration
assay has recently been described by Meyer and Keller
in Clinical Chemistry 34 (1), 113-117 (1988) who  °
~disclose a one-point recal1brat10n assay utilising
20. a stored standard base curve w1th no end—user involve-
ment. In practice, each 1nd1v1dual unknown sample is |
assayed in parallel with a calibrator assay and the
unknown value is then normalised,usinq‘the ratio of
the observed calibrator sigﬁal to that of the expected
25 base curve'dose. The normalised unknown sample signal
is then read off the stored’ standard base curve and
‘providing the callbrator, the value and the corresponding
.~ signal, for example‘oﬁtical density, which represents
that value are selected at a.point on the curve whlch
30  best predicts and mxnlmlses dev1at10ns across it,
due ‘to minor vaxlatlons in assay condltlons, then
thls "51ngle 901nt calxbratxon (SPC) assay controls
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for ,Variation in reagent performance whlle other ' '
assay conditions are controlled by the mstrument.. '
- The use of l1_qu1d calibrators in such types

+ of assays and in kits designed for such analyses.
presents immediate advantages of convenience to the

end-user. Unfortunately many analytes, for example
prolaotin, are unstable in liquid form and standard
solutions may need to be reconstituted from freeze-
dried preparrations prior to use. Reconstitution

is not only inconvenient for the end-user but,: more
importantly, introduces cons1derable room for 1mprec151on

~ which makes the use of freeze-dried standards, partic-

ularly with the single point calibration assay described
above, potentially inaccurate and thus of very limited
use. Thus, the present invention provides a method
of assay which incorporates the use of an alternative
calibrator which is stable as a liquid preparation.
In its broadest as spect the invention thus prov1des '
a method of assay for a ligand in a sample compr1smg
i) -~ - incubating the sample, sequentially or simultan-
Q eously, with'a f1rst specific bmdmg partner
‘to the ligand and with an- a\l_l_c_;’liot of reagent
‘x comprising a ,second specific b,1nd1ng partner
‘to said ligandjor a ligand analogue, said reagent
X being bound directly or »indire‘ctly, to a
detectable 1abel}{

i) removing substantially all of sa1d first spec1f1c

-binding par.tner and an amount of said ‘reagent
X from the assay medium, the amount of reagent.
X removed bemg a functlon of the amount of
said ligand; and. ‘

'iii) determining, by means of said detectable label,

the amount of reagent X removed from the assay
medium- ER ) ‘
characterlsed 1n that the assay is normallsed by

comparlson with a standard assay whloh 1ncludes the

< ,step.of .1ncubat1nyg an aliquot of the said reagentﬂ-
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X or an allquot of a reagent Z (reagent Z comprising

an approprlate reagent labelled analogouslyeto reagent
X) with a spec1f1c binding partner (not be1ng sazd
ligand) therefor. :
Conventional standard assays utlllze standard

 solutions conta1n1ng known amounts of the llgand

under assay. However,.the standard assay accordlng

to the present invention utilises a non-ligand calibe

rator. '
In one embodiment (herelnafter "embod1ment

(A)") of the present 1nvent1on the standard assay

may be carried out by '

iv) 1ncubat1ng an aliquot of reagent X as defined
above with a standard solutlon of a calibrator
reagent Y whlch comprlses a spec1f1c binding
partner to’sard reagent_x—

v) removing substantially all of said calibrator
reagent Y and an amount of said reagent X from
the assay med1um 1n the same manner as that
used to remove the first spe01f1c b1nd1ng partner
in step (11), the amount of, reagent X removed o
being dlrectly proport10na1 to the amount of W 2
said callbrator reagent Y; ‘and |

vi) determlnxng the amount of reagent X removed
from the assay medium as in step (111).

In embodiment (A), the specxflc b1nd1ng partner

for reagent X is provided by reagent Y.

In an alternative embodlment (herelnafter "embodlment

(B)") the standard assay may be carrled out using '

a standard solutlon of a cal1brator reagent Z in

place of both' the flrst specxflc b1nd1ng partner '

and reagent X used in the sample assays. Thus, for*g

example, in a typ1ca1 sandwxch assay for'an antigen

where reagent x compr1ses a detectably labelled anti- _

antlgen ant1body and the first spec1f1c b1nd1ng partner

comprlses a haptenrlabelled anti-ant1gen antzbody,
calibratar reagent 2. may como.xse an equzvalentlyg

g N f‘
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o hapten-labelled and detectably labelled entlty..—”
.'Preferably callbrator reagent A s1mp1y comprlses
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":.reagent X addltlonally labelled with the hapten used
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:analogue a “compet1t10n-tvpe" assay results and a

:'to label the first spec1f1c binding partner employed e { %é

in the sample assays. In such an embodlment, the o 1,' "f_ ?i

' spec1f1c b1nd1ng partner for reagent 2 may comprlse an antl—hf 53

hapten antlbody conjugated to solid phase.r
It is to be understood that when reagent X
comprlses a second spec;f1c_b1nd1ng partner to the

‘ligand, said ligand must carry two or more epitopic '
~sites, which may be the same or different. Where
~the ligand carries two or more identical epitonic y

sites it will be appreciated byithose skilled in

the art that the second specific binding partner

may be the same as the first specific'binding partner.
The term "ligand analogue" as ‘used herein refers

' to a spec1es capable of complexing with the same -

b1nd1ng site of the same specific b1nd1ng partner ‘ Lok
as the ligand under assay, and includes inter a11a°i"v_' :, : gef
within its scope a known quant1ty of the ligand under ' .
assay.' : '

"It will be recognlsed that when reagent X comprlses ;
a second specific binding partner to the llgand a

'"sandw1ch-type" assay will result, in the presence

of ligand, in oomplex formation between the first
and second specific binding partners, indirectly
via the ligand, such that the amount of reagent X

bound will be directly proportional to the amount

" of 1igand_present,in'the sample. .ln a Sandwioh—type,:
30

assay it is clearfthat the quantities of said reagent:

X and’ sald first specific b1nd1ng Dartner will, 1n/ .
order to obtaln b1nd1ng\of reagent X 1n amounts proportlonal
to the amount of ligand under assay, be present . 1n

an excess amount compared to the quantlty of 11gand

in the- sample.v' : g '

Alternatlvely, when reagent X comprlses a- 1lgand

!
SN
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’cohplex is formed'directly such that the amount of'

‘ .reagent X bound will be 1nverse1y proportlonal to
'the amount. of ligand present in the samole.t, i
, - In: both sandwich and competltlon assays sultable
-5 'sample dilutions may. be regquired in order to quantlfy
the amount of 1;gand present in the_sample., In embodlment
(a) it is particularly preferred_to’use the same
quantities of reagent‘xkin'both/the sample assay(sY,‘
'and.the:standard_assa§(5); . L
10 _Suitable.detectable-labels,for reagent X include
those corventionally used in immunoassays such as 7
.radioactive isotopes, fluorophors_and‘enzymesg-7
Removal of the first specific binding partner
from the medidm may be carried out by any suitable
15 means already known in the‘art Thus, forrexample,
‘Jthe first spec1f1c ‘binding partner may be removed '
by means of a solid phase carry1ng a spec1flc binding
partner to said flrst spec1f1c binding partner.

”', Convenlc;}lv the SOlld phase may be partlcles, beads,

.'20 wall ccztings on the reaction vessel or 1nserts.
'Analogous methods may be used for removal of .reagents
Y and 2 1n ‘embodiments (A) and (B) respectlvely.
' {The term "normallslng" as used herein refers
to the comparison of the observed readlng obtained - _
25',from an assay of a sample containing an unknown ouantlty?'
: of ligand with the observed readlng obtalned from _
a standarq gallbrator assay.. The readlng obtalned e
‘from a known quantlty of the callbrator reagent Y

f_or Z, which unlike conventlonal standards ;s,not
30 sI;bly a known amount of-.the lrgand under;assay,,r

' is itself’ standardlsed by comparlson with afstOred
[”'fstandard base curve derlved from a 51ngle_series 7
) of . assays carrled out us1ng var1ous known amounts

of the llgand 1 e. a convent10na1 mult1p01nt callbratlon

35 ,curve.4 Thus, the readlng obtalned from the assay
of a- known ‘amount of the callbrator reagent Y or

A 1s oroportlonal to theCreadlngs obtalned from a'
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knowh amount,of the ligand,under‘assay andAhenCe"

can be used to normalise the unknown sample readings.
The’use'of‘a'sihgle calibration assay issusually . s ff
preferred for reasons of rimplicity and economy.. il ‘ &
However, it will be understood that under certain ’ i
conditions or with certain assay systems the use..
of a further normalisation may be preferred,yfdr
example using a series of varying amounts of calibrator
reagent Y or Z to provide a multipointvcalibration
éurve. | , | : '
It is clear that, in order to fall within the
scope of the invehtion, the calibrator reagent Y o
must satisfy the following four =riteria: . |

l) It must specifically bind to labelled reagent X3

2) It must be removed from the assay medium in
- a manner similar to that of the first specific
'b1nd1ng partner;
3)‘ It should mimic the readings»observed relative
. to a standard curve in a predictable and reliable
manner and hence can be calibrated to ligand |
~amount on the standard curve; and
4) 4, It must be stable in solution at worklng concentr-
’ ations and temperatures-
Calibrator reagent Z used 'in embodiment (B),
which itself incorporates detectable label, must satisfy

points 2-4 above.

The use of the non-ligand calibrator reagent
Y or 2 as defined herein in the method of assay according
to the present invention ;s of great advantage where
the ligand itself is unstable in solution or is rare B
or difficult and/or expensive to obtain in a sufficiently

pure form for the preparation and prolonged storage

of numerous conventional standard solﬁtions;' Standards -

which are unstable in solution are;’at pretént,voften -t
prepared as a more stable freeze-dried product but 3
the necessary teconstltutlon orocedure then carries B , Vf
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; and imprecision . 1ncurred by addlng a spec1f1ed volume
- of solution to the standard before use.
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According to another aspect of the invention
there is provided a k1t for carrying out a method
of assay as descrlbed herein which comprlses a reagent
X as defined above, a first specific binding partner
to the ligand under assay and a standard solution
of calibrator reagent Y or Z as defined above.

Kits according to the invention may if desired
additionally contain a reagent .comprising solid phase
carrying a binding partner to reagent Y or 2 respectively.

A preferred embodiment (A) of the invention
will be particularly described hereinafter with reference
to an antigen as the ligand and where the first specific
binding partner comprises an antibody to the said
antigen. However, the invention is not to be taken
as limited to assays of antibodies or antigens.

Examples of ligands which may be assayed by the method

nf the invention are given in Table 1 below, together

with an.indication of a suitable specific binding
partner in each instance. '

AN
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Table 1
Ligand e Specific- Binding Partner
antigen ; ' specifi antibody
antibody antigen ‘ : ﬁ_.l‘
hormone hormone receptor '
hormone receptor hormoziie ',
polynucleotide strand complementary polynucleotide
. strand :
avidin : biotin
biotin avidin
protein A immunoglobulin
immunoglobulin protein A
enzyme enzyme cofactor (substrate)
or inhibitor
enzyme cofactor enzyme
(substrate) or inhibitor
lectins specific carbohydrate
specific carbohydrate lectins
of lectins

The method of the invention has very broad
applicability but in particular may be used to assay:
hormones, including peptide hormones (e.g. thyroid
stimulating hormone (TSH), luteinising hormone (LH),
human chorionic gonadotrophin (hCG), follicle stimulating
hormone (FSH), insulin and prolactin) or hon-peptide
hormones (e.g. steroid hormones such as cortisol,
estradiol, progesterone and testosterone, or thyroid
hormonegasuch‘as thyroxine (T4) and triiodothyronine),
proteins (e.g._carcinoembryonic antigen (CEAf and
alphafetoprotein (AFP)), drugs (e.g. digoxin), sugars,
toxins,.vitamins, Virusgs such as influenza, para-
influenza, adeno-, hépétitis,-respiratory and AIDS
viruses, or microorganisms. | , i p
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Tt will be understood that the term "antlbody"‘\

,.../

(a) any of the various classes or ‘sub-classes of

"1mmunoglobu11n, e.g. I19G, IgA, IgM, or IgE [

derived from any of the animals conventionally
used, e.g. sheep, rabbits, goats or mice,

(b)  monoclonal antibodies, ) L

(c) intact molecules or "fragments" of anribodies,
monoclonal or polyclonal, the fragments being .
those which contain the binding region of the
antibody, i.e. fragments devoid of the Fc portion
(e.g. Fab, Fab','F(ab')z) or the so-called
"half-molecule" fragments obtained by reductive
cleavage of the disulphide bonds connecting
the heavy chain components in. the intact antibody.
The method of prevaration of fragments of anti-

bodies is well known in the art and will not be described

herein. :
The term "antigen" as used herein will be unéer-

stood to include both permanently antigenic'species

(for example, proteins, bacteria/'bacterial fragments,

cells, cell fragments and viruses) and haptens which

may be rendered antigenic under suitable condltlons.
Thus, in one embodiment of the 1nvent10n the

‘ligand is a hapten or a multiple epitope antigen

such as prolactin and the first specific binding
partner is an antibody, which may be pegyclonal or
monoclonal. The first epécific bindiné parQner may
be effectively removed from the assay nixture by
means of a SOlld phase carrylng a spec1f1c binding
partner to the sald first specific bindlng partner.
Thus, for example, the solid phase may carry an anti-
species antlbody directed against the spec1es in
which the first spec1f1c b1nd1ng partner was razsed.
Alternatively, where the E1rst SPECIEIC blndlng partner
is labelled WIth a hapten such as FITC, the solid

phase may carry an’ anrlbody dlrected agaxnst said




WO 89/11655 ' & PCT/GB89/00568,

- 10 -

hapten;ahaldgous to the technique described in EP-
0105714. v » | 3
In a sandwich-type assay’according to the preseny‘ Qf

‘:invention, for example where reagent X comprise;[\
5 an antibody against the antigen to be éssayed,;fhe
calibrator reagent Y may comprise a known amount .
of an anti-species antibody directed against the
species ‘in which the reagent X antibody was raiséa.
. Alternatively, in a competition-type assay
10 accbrding to the invention, for example where reagent
X comprises an analogue of the antigen under assay,:
the calibrator reagent Y may comprise a known amounf}
of the said first specific binding partner antibody.:
' It will be appreciated that the method according
15 to the invention will be particularly advantageous
in the case of sandwich-type assays because a single
type of calibrator reagent Y could be utilised in
any number of different assay kits for different ~
ligands providing the reagent X antibody had been
20 raised in the same species and providing identically
hapten-labelled e.g. FITC-labelled first specific’
binding partners were used.

The method and kit according to the invention
are suitable for use in conjunction with many different
25 types of assay apparatus including, inter alia, devices
for optical immunoassay, for example such as are
described in EP-A-171148, or optical structures which
are capable of exhibiting surface plasmon resonance,
for example such as are disclosed in EP-A-112721.
30 For a better understanding of the present invention
reference is made to the accompanying drawings wherein:
Figure 1 shows schematically a conventional sandwich
type immunocomplex wherein: ' ~
1 = solid phase sheep anti-FITc'polyclonal ~
35  antibody £ )
2 = FITC-labelled mouse anti-hPrl monoclonal
antibody . ) | R

)
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3 prolactln (hPrl) antlgen'

1‘4 = enzyme- labelled mouse anti- hPrl monoclonal
antlbody, o ' :

Figure 2 shows schematlcally a sandw1ch type 1mmunowﬁ
5 complex accordlng to an embodiment of embodlment '
| (A) of the present invention wherein: :
‘ 1 = solid phase sheep antl-FITC polyclonal
‘antibody ‘
o ‘ 2 = FITC- labelled sheep anti-mouse polyclonal
10 o antlbodv ‘ o
3 = enzyme-labelled mouse anti-hPrl
monoclonal antibody; :
Figures‘3 to 7 are curves referred to in the Examplef‘
Figures 8 and 9 show the prolactin correlation curves
15 for fresh and aged reagent respectively, and Figure.
10 shows schematlcally a comolex formed accordlng
to. embodlment (B) in whlch
1 anti-FITC solid phase Ll
2. FITC- labelled antibody also carrylng detectable
20 label L. ‘

In a conventional standard‘sandwich assay fecg, for:
example prolactin, the calibrator is a known amount
of the‘ligand under assay (prolactin) which acts
asla linker ot'bridge between the solid phase for
25 separation and the tracer reagent for‘signal generation,‘
for example as shown schematically in Figure 1.
However, in the embodiment of the invention
exemplified hereinafter and shown schematically‘in‘
- Figure 2 an FITC-labelled sheep_anti-mouse‘polyclonal
30 antibody was used as calibrator reagent Y to form
‘the bridging component between the sheep anti-FITC S
solid phase separation‘sysEem and the enzyme?labelled ‘
" signal generating mouse monoclonal antibodv.
' Prolactln is notorlously unstable stored in
MQ- 35 l1qu1d state at 4 cC, whlch 1s the requlrement for
B (‘ready-to-use calxbrators and untll now. all known
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" no alternative to using freeze- dried preparatlons
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. the freeze-dried product, but this carries the dis-
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manufacturers of prolactln 1mmunoassay klts offered

of the hormone. Stability ov‘er‘the reagenty shelf-

life of approximately nine months is assured with:

advantages described above and thus the advantages | *
of the method of assay accordlng to the present mventlon, '

are self-evident.

The following non- 11m1t1ng Exampl@ 1llustrates ’ e 1
a,me‘thod of assay carried out in accordance with '
the invention. ‘
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,anmple 1-

‘_p13p_

quuld non-antlgen callbrator used in Slngle P01nt

"Cal1bratlon of the Prolactln [mmunoenzymetrlc Assax
p(TEMA) : :

Preparation of Starting Materials

1.  Preparation of ahti‘prolactin monoClOnaleantibbdies

Monoclonal antlbodles were obtalned from mouse

‘ascites fluid by the process reported by Mllsteln

and Kohler in Nature 256 (1975) 495- -497.
Antibodies from individual hybridoma cell lines

were screened to identify those producing antibody

to discrete antigenic‘determinants. Those having

the highest affinities to prolactin were selected

for use in the assay.

'«2.f Preoaratlon of alkaline ohosohatase/antl prolactln
conjugate :

- 0.16 ml N-succinimidyle4-(N-maleimidomethyl)

cyclohexane-l-carboxylate (SMCC) (60 mM in dimethyl-
formamide-DMF) was added to 1.6 ml of alkallne phosphatase

(2 mg/ml in 50 mM sodium borate, 1lmM magne51um chloride,’
0.1 mM zinc chloride; pH 7.6) and incubated for 1

hour at 30°C. The enzyme was separated by passage

through a Sephadex G-25 medium column (1 x 35 cm)
equilibrated in 0.1 M Trls, 1 mM magnesium chlorlde

was stored at +4°C until required.
16.3 jiL of N-succlnlmldyl 3-(2- pyrldyldlthlo)‘

propionate (SPDP) (25 mM: in ethanol) were added to

1 ml anti-Prolactin monoclonal antlbody (3 mg/ml
in 200 mM sodium proplonate, pH 6.0) and incubated
for 30 minutes at room temoerature._ The antlbody

- was separated by passage through a dlsposab;e Sephadex‘f

}

 rcmomaess




WO8/11655

¢}
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acetate buffer, “pH 4 Se D1th10thre1tol (1 M) was

e

| added to the antlbody (1/20 of antlbody volume added)
~and left for 10 mlnutes at room temperature. The

antlbody was desaltod us;ng a Sephadex G-25 medium

column ( 1 x 3SCm) equi:.brated in 200 mM sodlum S a_}

propionate, pH 6.0.

Antibody and alkaline phosphatase prepared
as above wefe mixed in an equimolar ratio and left
to conjugate for 24 hours at 4°C. vThe resulting
conjugate was purified by high performance liquid

’ "'1). ?

- P('T/GBB9/00568 e

chromatography (HPLC) on a TSK 3000 SW column equilibrated

in 200 mM sodium propionate, 1 mM magnesium chloride
and 0.1 mM zinc chloride at pH 6.0. The conjugate
was diluted in assay buffer to a concentration of
2.5 pg/ml for use in the assay.

3. Preparation of anti-prolactin monoclonal antibody

conjugated to fluorescein isothiocyanate (FITC)

2.5 mg . of ‘anti-prolactin antibody, specific for a
different epitope on the.prolactin molecule than
the antibody conjngated to alkaline phosphatase,

was dissolved in bicarbonate buffer (0.02 M, pPH 9.1)
and mixed with 500 pl of 0.5 mg/ml FITC.

After an ‘18 hour incubation at 4°C, conjugate
was purified by passage down a Sephadex G-25 column
equilibrated with sodium propionate buffer (0.2 M,
pH 6.0). g '

4, Preparation Qf sheep anti-mouse antibody conjugated

to fluorescein isothiocyanate (FiTC)V

The anti-mouse antibody was‘avconVentional
polyclonal antiserum obtained by immunising sheep
with purified mouse IgG. The antisera obtained was
then purified ‘twice by salt precipitation usingrla% R

w/v sodium’ sulphate~ after thCh 1t was finally purlfled
by passage down ‘a TSK 3000 SW sxlxca-based HPLC column\

Sl
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1equ111brated w1th 0 2M sodlum oroplonate buffer pH
”6 0. The antlbody pool was then dlalysed 1nto 0 ?M

fmouse product ‘was then conjugated to FITC as descrlbed
‘above, ' ' ' : ‘ '

_ S; o Preparat1on of antl-FITC anttbodx,covalently

10

‘50 mM Trls/HCl buffer, pH 8 0, contalnlng 0. 1% sodlum
‘azide, 0. 5% bovine ‘serum album1n (BGA), fractlon,_.
v, 0. 25% Tween 20 and 0. 59 methocell.‘T_ o

: 25

6. ’Preoaratlon of Drolactln standard solutlons

‘agalnst Internatxonal Reference Preparatlon 75/504,
was dlluted in heat 1nact1vated bov1ne serum to glve'v'
concentrations of 0, 2.09, 5.24, 9 95, 25 53, 99 os, '
',247 3 nq/ml (1 0 ng/ml 20 pU/ml) |

ff?l_}: PrenarationaoffthelassaylbuffereTE*w°f “

sodlum blcarbonate buffer pH 9.0." The ourlfled antl-""'“‘ P

3 7/_?/ N

coupled to maqnetlsable solld phase -

The anti- FITC antlbody was a conventlonal polyclonal

antlserum obtained by 1mmun131ng sheep with FITC ,
conjugated to keyhole limpet haemocvanln. The magnetlsable S
cellulose partlcles were a composite of cellulose '

'_contalnlnq aoproxlmatelv 50% black ferrlc(ous) ox1de

(Fe304), with mean particle dlameter of 3 mlcrons

(see Forrest and Rattle, “Wagnetlc Particle Radlolmmuno- S
assay" 1n Immunoassays for Cllnlcal Phemlstry, o.f' : :
147-162, Ed Hunter and Corrie, Churchlll Livingstone, f

,Edlnburgh (1983)). - Anti-FITC ant1serum was covalently
,coupled to the magnetlsable cellulose follow1ng cyanogen f;]

bromlde activation of the cellulose accordlng to

~the procedure of Axen et al.,VNature 214, 1302~ 1304-

(1967) . The antiserum was coupled at a ratlo of -
2 ml antiserum to 1 gram of magnetlsable solld ohase. /
The solid phase was dlluted to 6.0 mg/ml in

A preparatlon of freeze-drled prolactln,'callbrated;:
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The assay buffer con51sted of 0 5% BSA,_fractlon
0 2% sheep serum, 1 mM magnesxum chlorlde, 0 1

'1mM z1nc chlorlde, 0.1 M sodlum chlorlde and 0. 2%

fsodlum a21de 1n 0 l M Trls/HCI, pH 8. 0

10

8. Preparatlon of the wash buffer

The wash- buffer con51sted of 0 9% sodlum chlorlde
in 0 01 M Trls/HC1, pH 8 6.

9. Prenaratlon of the substrate buffer

The substrate buffer con51sted of 1.1 M solutlon

of d1ethanolam1ne, 0.9% sodium chlorlde and 1 mM

' rmagnesium chloride at pH 8.6. This buffer then had

15

the substrate for alkallne phosphatase (3. 0 mM

_phenolphthaleln monophosphatase) dissolved in it.

‘10.  Preparation of the stoo solution

; The stop solutlon was prepared by adjusting
a solution comprising 200mM sodium carbonate, 50

~mM CAPS (3 [Cyclohexylamlno] l-prooanesulfonlc ac1d)

'fto oH 13.4 by adding 240 mM NaOH.

20

.25

_.r_off'

‘Assay Methodology

100 pl aliquots of each standard, callbrator

or unknown sample ‘were ploetted in dupllcate 1nto :
'polystyrene assay tubes. 100 pl of each of the approp-
- riate antlbody conjugates were added to each tube.

All tubes were m1xed and 1ncubated for lS m1nutes

’-at 37 C.

-f_ 200 pl magnetlsable ant1 FITC SOlld ohase were

theh added to each tube followed by m1x1ng and 1ncubat1onff{?xi7d

o _for 5 m1nutes at - 37°c. ' : . : :

30

'fr_the supernatant was decanted and 500 Pl wash buffer
'Ijadded to all tubes. The tube"were m1xed and ag';n;ﬁ

After magnetlc separatlon of the solld phase

Th1s wash procedure-wa;'
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‘ by the 5 parameters generated by the fitting procedure. E

25

‘.all tubes, whlch were then mlxed and 1ncubated for\ Juff"

follow1ng whlch the assay was maqnetlcally separated

is apollcable as cited 1n EP-249357

- controls were_run.~ A base curve was set up by combxnlng
parameter loglstxc fxttlng programme, is defined
‘sultable‘

tested (each standard was used in turn as;

;accuracy.

: r,unknown sample s1gnals wh1ch are then read off the:“
| "fthe same samples w1th values read from conventlonal
7standard curves.” Fach sample was assessed”by both

300 Pl of substrate solutlon were added_tor””"'

10 m1nutes at 37°C. ; _
‘ L. 0 ml ston solutlon was added to all tubes

_-The‘absorbances of the supernatant were determxned
at 556 nm and 492 nm on the Ocean Sc1ent1€1c Chemstat
spectrophotometer. The ‘use of the dual wavelength

Experiments to select and calibrate the non-antiQen
calrbrator L ‘ S N o
"The ootlmum callbrator value was assessed w1th o SRR ff‘

;resoect to both accuracy and orec1s1on of sample
‘measurement across the standard curve as derived
by single point callbrat1on-(SPC) using reconstltuted

freeze-dried cal1brator.' Ten standard curves‘and'

the 10 curves. This base curve, fitted by the 5

The base curve was then used in conjunctlon w1th
the formulae descrlbed in EP 0190006 to deflne the

callbrator. : " :
‘The callbrator value selected from the range

\librator

plus other 1ntermed1ate antlgen values) was that

g1v1ng the best compromlse between preclslon and
; F1gure 3 demonstrates the prec1sxuﬂ)proflle
of SPC unknown sample values obtalned u51ng the selected

freeze—drled callbrator w1th SPC to normallse the

base curve, compared to the orec151on obtalned for
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fDrocedures in ten separate assays.

.calculated thus~-

 PCT/GBSY/OOSEE,
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Flgure 4a on the other hand demonstrates the
mean SPC$ bias observed over the range. Bias was

Reference value - SPC value x 100

'Antigen calibrator concentration (ng/ml or pU/ml) L iy

30
,value in. ng/ml ‘and oo, the szngle point callbratlon

v-fFlgure 6 demonstrates the preclslon proflle of SPP

Reference value

Reference values were obtained from the base curve

derived values. Having selected the value of the

antigen calibrator, the non-antigen calibrator was

titrated by dilution in assay buffer (see figure

5) . Various conoertrations of the non-antigen calibrator:
were run in the assay and the concentration giving

an OD similar to that of the selected antigen was

chosen and calibrated (i.e.
curves).

run as unknown with standard
Its corresponding antigen value was interpolated
from the standard curve. In this way the equivalent
antigen value was assigned to the noneantiéen calibrator

such that:-

with x OD units = y OD units non-antigen calibrator

with equivalent antigen value (ng/ml or pU/ml) .

Thefnon-antigen calibrator - sheep anti-mouse
FITC - concentration of 1.2 pg/ml gave an OD 530
nm of 5.34 and had an equivalent antigen value read
from thekstandard curve of 82.44 ng/ml.

Experlments to demonstrate performance of non-antlgen

callbrator : : : : ‘ ! SO e_a’
Having establlshed the non-antlgen callbrator

procedure was performed as for the freeze-drled callbrator..
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”unknown sample values obtained using the non-antlgen

callbrat1on which normallses the unknown 51gnals

o which are then read off the base curve vs standard
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-curve der1ved_prec1s1on profile. Each samp;e was

again assessed by both ptocedures inten separate
assays. TFigure 4b shows the mean % bias observed

when SPC was applied with the non-antigen calibrator.

The non-antigen calibrator's per formance was y
demonstrated to be equivalent to that of the freeze-
dried antigen calibrator in these experiments.

Experiments to demonstrate non-antigen calibrator

performance vs Standard Curve

a clinical validation:-

Sensitivity

-1imi§.

. Detection limit for standard curves was assessed
as mean {x) of 10 replicates of zero run w1th each
standard curve + 2 standard deviations (2SD). This
value x + 2SD was read off the standard curve.

The detection limit by SPC was determined by
two methods: an
1) The x + 2SD OD of 10 replicates of zero obtained
for the standard curve was normalised on SPC using
the calibrator. This normalised OD . s1gna1 was then
read off the base curve. ’
2) Alternate zero and calibrator was run in the

- assay. Each calibrator signal w2s used to normalise

. 7o
its pair zero. The mean of thé norma;vsed values

was then read off the base curve 91v1ng the SPC detection

limit. o , : sl :
Table 2 below shows~the‘effect of SPCeoh‘detection‘

s T R o s

o

=
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Table 2 SEC Detection Limit

L zerdySighaL?

uCalibrationtRatio:;HNOrmalised'Signaiif°?'

.027
1.021
10.985
0.921
0.971
10.973
.0.959
0.981
0.943
0.959

S 0.071
. 0.065

. 0.061
0.059
0.056
0.056
0.062
1 0.067
0.05%
10.059

o 0.069 | 1
©0.064 L
0.062
0.064
 0.058
0.058
© 0.065
0.068
0.062
. 0.062

0.0614
0.0049

0.9695 X
0.036 -
3.2

X

=0.0632 |  x
10.0036 sD

= 0,046

Detection:
Limit

Detection
Limit
= 0.046

‘Calibration Ratio =

ng/ml ‘ng/ml

Normalisation ratio.

= Expected calibrator value:

'Observed eaiibrator}valuer'

reagents on detectlon
The antlbody

The effect of the agelng of
limits w1th SPC was also assessed.f

}_conjugate reaqents were sto:ed for un to 7 days at
'30 C.v
Lrand therefore in flnal oD obtalned w1th these aged

This resulted in a decrease of enzyme act1v1ty

reagents. The agelng experlments were therefore

;de51gned to assess whether the ca11brator could normallsesifﬂff
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';owered signals whlch when read off the base curve '.-; 5 

Ny

-2 -

gave the correct result. Flgure 7 demonstrates the
results and shows there was little dlfference betweenf.
the non-antlgen SPC derived sensitivity and standard \

{

curve derlved values. L T L R N c b

Accuraqg/Recovery D11ut10ns

The accuracy of the assay was evaluated by

two methods: _ _

1) Various concentrations of purified prolactin

was added to a series of pooled patient samples.'

The results were calculated by standard curve fitting

procedure and by single point calibration procedure.

2) Individual patient samples were diluted by 2-fold

dilutions using prolactin assay diluent. The results

were calculated by starndard curve and single p01nt : oy

calibration procedures. ‘
Both fresh and aged (5 days at 30°C) reagents

were used. The results are presented for spiked

and diluted samples in Tables 3 and 4 respectively.
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Préiaétiﬁ:i
| Added

i Sémpié*géiqéF
unspiked

' .L’%fﬁecqvér?ﬂ:ﬂ_i"

Fresh Reagent

Fresh Reagentsg

5 days at 30°C

STD-

‘|standard |
. Curve

curve

| spc

STD
Curve

|spc

91.1
90.3
86.1
90.1

10 177.3
81.5
46.9

24.0

1) 22.5

1 94.7

90.2
103.9
86.6

177.3
81.5
46.9
24.0

2) 11.45
sl

177.3
. 8l.5
46,9
" 24.0

9.9 1 99.6
91.8
91.2

92.5

3)

20

99.6
93.9
95.3
104.6

177.3
. 8l.5
c. 46.9
d.  24.0

4) 4.41

93.9
95.4
89.7
92.5

- 97.7

94.1

89.4

86.1

102.4
99.1
92.7
91.7

102.7

96.7
196.0
101.5

125.7
| 93.4
82.5

jr01.1
100.2
91.5
116.5

106.7
101.8
119.7
105.3

|129.8
 94.6
109.0
106.2

102.9
119.6
110.1
120.8

120.6
112.8
101.1
111.3

138.8

103.9
101.8
112.1

112.8
111.1
109.9
115.3

86.3 /

x + SD

*x + SD .

Summary

STD Curve | SPC

ST C

urve SPC

96.75
91.55
94.13
| 93.45

99.2
1.7| 96.3
7.5] 91.95
7.8 92.95

a)
b)
c)
o

1+ 1+ 0+ 4+
14+ 14 1+ 1+

1105.8
08,2
107.8
114.5

- 128.5

98.6

L+

vlol.g"

| 103.97

(FON RN FRN S S |

7.7

11.3 |

1200

35 |
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'{-*;3Table 4 Patlent Sample Analyt1cal Dllutlons 1fjgzir*'*“"

5| | |Fresh Reagent = | Agéd Reagents

 STD CurVe;' spC 7 STﬁ Curve sPCf'

7.6 | 98.6
96.7
7.8 1] 95.5
5.0 | 89.6

2 10 {99.5 ¥ 9.3 |98.6
10 {14 |10 [97.8 94.4
-~ {18 {10 |97.7 .4 91.7

1/16 |10 [93.0 ¥ 6.9 |86.3

6.8 91.3
7.5 | 86.7
8.7 83.6
10.2 | 76.02

I+ b+ 1+ 1+
e
R SR I S S DY
o
I+ 1 |
S EA E o A PR R
S B

'In Table 5 is presented the results of larger dlagnostlc

15 dilutions of h1gh patlent samples. Such samples
read out of the standard curve range and therefore
must be diluted to give a neasurable value. The

f,% recovery observed by standard curve and s1ngle

901nt procedure using both fresh and aged reagents
20 were acceptable.

i

Table 5 Patlent Sawnles Dlagnostlc DlLutlons - Very

High Samples dlluted to brlng them on the standard

cu rve . x'\\\
' by
bl

25

% mean recovery _ N

. |Neat - - — : . _

|1/25 = | n |Fresh Reagent . | = Aged Reagents
~|100% R. a — SRSINE B S _
30 STD Curve |SPC | STD Curve |SPC

R w50 B 4 |101.2 1 4.9fﬁ91.2;if5-09,79?-5-i 4.8 [90.0 o,
- rw00 | 4 |108.2 T 6.2 9%%°fi;5~1 100 T 5.0(94.8 % 7.9
e - S e Tt P B B s
R » S
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Patlent Sample Correlatlon

Patlent sample values were calculated by prolactln
IEMA standard curve and’ by single point calibration

,u51ng fresh and aged reagents. The same samples

were also evaluated in the prolactin IRMAv}
The following line equations and regress1on,

coefficients were obtained:-

IEMA fresh reagent standard curve vs IEMA fresh

"reagent SPC

a)  IEMA SPC = 0.892 IEMA curve - 1.95 x 107>
R = 0.9979 '
N = 50
See figure 8
b) IEMA aged reagent SPC vs IEMA aged reagent
standard curve
IEMA SPC = 0.876 IEMA curve -0.7
R = 0.9981
N = 50
See figure 9
c) IEMA fresh reagent standard curve vs IRMA MAIAclone

(Serono Diagnostics Ltd)

IEMA = 1.08 IRMA - 0.54
R = 0.9920 '
N = 50

Single point calibration values according to

:this study appear to read approximately 10% lower

than the standard curve values for fresh and aged
reagents, but the results thained by SPC are never-
theless still acceptable.

Apec1f1c1ty

Human placental lactogen (HPL) and human growth

~hormone (HGH) cross-reactivity was examined with .

the single pointiyalibration procedure as shown in
Table 6. ‘ . '
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Added

‘Anaiyte Amount  

‘Appérent:HPRL”concenttétipn'hg/ml g'

Fresh Reagent

Aggd Réagent .

'STD Curve

SPC

© STD Curve] .

spe

HPL

0.09
‘0.19

0.39

0.78

1.5
3.25
6.15

12.75ng/ml

<DL

<DL

<DL

O 0 O o0.0 o0 o o

o
<DL
<DL
< DL
0

0
<DL
<DL

o O o o o o o o

|nGH

0.5mIU/ml
1.\0

2.5

5.0

10.0

<DL

0.12

0.375

0.72
1.475

<DL~
0.11

1 0.21
0.496|
1.1

0.13

0.345
0.68

1.4

.
0

<DL
©0.38

0.925 |

There is no significant difference between the cross-
reactivity observed with fresh and aged reagents.

Y
1
R
4
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'xkFlgure 3 shows the preclslon proflle where-,~

10

15

20

 PCT/GB89/00568 |

t”_lzs e

”5f‘Kéy éo Figures'3‘to,7'“'

'Figure 6 shows the precision proflle where:

A-b = freeze-drled antigen. callbrator
in 51ngle point callbratlon (SPC) as descrlbed
‘herelnbefore ‘ ‘ '
, ® - ® = manual standard curve pce“151on,
Figure 4 shows the bias profiles where-* ‘

a
b
HPRL = human prolactln

freeze—drled antigen callbrator

non-antlgen calibrator

Figures 5a and 5b show the:titration of sheep antl-

mouse FITC (non- antlgen calibrator) ;

0 -0 = non-antigen calibrator
‘ ¢ —e = manual curve values .
Figure 7 shows the'efféct of reagent ageing dn sensi-
tivity wherein:
A-A
o -~ 0
X - X = calibrator normalisation factor
(% of Dbay O wvalue);

non-antigen calibrator

standard curve

D
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, comprlslng
(i) -

llgand and wlth an aliquot of reagent X comprlsmg
a second spec1F1c binding oartner to said llgand i

Claims:

isare

. PCT/GBS9/00568

’ A method of assay for a llgand in a samole

or a llgand analogue, said reagent X be:.ng

bound, directly or indirectly, to a detectable’
label; | :

removmg substantlally all of said flrst spec1f1c w
binding partner and an amount of said reagent

¥ from the assay medium,

the amount of reagent X removed from the assay

- normalised by lcompkarison with a sta’ndard assay
which 1ncludes the step of 1ncubat1ng an allquot
of the said reagent X or an aliquot of a reagent
‘as Nereinbefore defined
2 (reagent 2 comprlsmg an appropnate reagent
labelled analogously to reagent X) w1th a spec:.flc

blndlng partner (not be1ng said llgand) therefer.

(ii)
and
(iii)
medium;
X
2.

A method as claimed in claim 1 wherein the

the amount ‘'of reagent
X being a function of the amount of said ligand;

“determining, by ‘means of said dete‘ctable, label,

characterized in that the assay is.

standard assay includes the step of 1ncubat1ng an

of a calibrator reagent Ykand whereln ‘the standard \

as

ereinbelore:

assay further 1ncludes the steps of;

(a) -

removing. substant1ally all of sa1d cal:.brator
reagent Y and an amount of sa1d reaqent X from
the. assay medlum in the same mannerx

define

N

'alzquot of the sa1d reagent X Wlth a spec:.flc blndlng
‘partner therefor where:.n the sald speclflc binding
~partner for reagent X comprlses a standard soclutlon :

",hat
. .used ‘to remove the fxrst speclflc bmdlng partner |

mcubatmg the sample, sequentlally or sxmultaneouslv, 7
‘with a first soecz.flc bmdmg partner to the”

‘.
\

B)




# IO 'v in step (ii), the amount of reagent X removed being directl'y
v. T :oportlonal to the amount of said calibrator reagent Y; and

f{ ~(b) determlmng the amount of reagent X removed from the assay medmm

as in step (iii).

3. A method as claimed in claim 2 wherein the same quantity of reagent X.

is used in the sample assay and standard assay.

4. A method as claimed in any one of claims 1 to 3 wherein the ligand

under assay is an antigen.
S. A method as claimed in claim 4 wherein the antigen is prolactin.

6. A method as claimed in claim 1 for the assay of an antigen in which the

assay is normalised using a reagent Z, wherein reagent X comprises a

s ., detectably-labelled antibody to the said antigen, said first specific binding
. partner comprises a hapten-labelled antibody to said antigen and reagent Z
comprises the same hapten label as said hapten-labelled antibody and the
:.:::: same detectable label as said detectably-labelled antibody.

et 7. A method as claimed in claim 6 wherein reagent Z comprises reagent X
additionally labelled with the same hapten used to label said first specific
’::5.: binding partner.

8. /. method as claimed in any one of the preceding claims wherein the

detectable label is a radioactive isotope, a fluorophore or an enzyme.

9. A kit for carrying out a method of assay as claimed in claim 1, said kit

comprising a reagent X as defined in claim 1, a first specific binding

920213,gjndat.087,applied let,28




"{f'partner to the l1gand under assay and a standard
“fsolutxon of a reagent Z as deflned 1n clalm_l

'I1O.v A k1t for carry1ng out a method of assay as
_ﬂ‘claimed in cla1m.2, sa1d k1t comprlslng a reagent
5 X as deflned 1n cla1m 1, a f1rst spe01f1c b1nd1ng
| 'partner to the llgand under assay and a standard
'solutlon of a reagent Y as deflned 1n clalm 2.
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