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ADAPTATION OF COMMERCIAL

IMMUNOASSAYS TO ANALYSIS OF

COMPLEX BIOLOGICAL SUBSTANCES

Michael J. Lacy,* Rong Wang, Valerie Brookshire,

and Kevin Floyd

Corixa Corporation, 553 Old Corvallis Road,
Hamilton, MT 59840, USA

ABSTRACT

An Intracellular Adhesion Molecule I (ICAM-1) immuno-
assay from R and D Systems, and a Melanoma Inhibitory
Activity (MIA) immunoassay from Roche Diagnostics were
tested for accurate quantitation within complex biological
substances such as cell lysates. Prior to assay, lysates of mela-
noma cells were treated with detergents to obtain soluble anti-
gens. Maximum ICAM-1 and maximum MIA were detected
after treatment using 0.8% Triton X-100. Two key aspects of
assay accuracy were: 1) determining the dilutions of test
sample that provided accurate quantitation (sample range),
and 2) performing spiking experiments at these dilutions to
determine absence or presence of a ‘‘matrix’’ effect due to
biological complexity of the sample. A high degree of accu-
racy was found by diluting this particular cellular extract
50-fold prior to ICAM-1 assay, or only 5-fold prior to MIA
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assay. In addition, the bicinchoninic acid protein assay was
analyzed to test the accuracy of protein quantitation of cel-
lular lysates. Precision, limits of detection, and quantitation,
robustness, linearity, and specificity also were tested for the
immunoassays.

INTRODUCTION

While testing biological substances, immunoassay signals can be les-
sened due to interference, or immunoassay signals can be increased by
amplification of the signal due to aggregation. This is particularly true for
complex biological substances such as cellular extracts. Accuracy of the
assay can be tested simply by diluting the cellular extract. In turn, when
using standard curve analysis, the range of the standard curve must be
adjusted to reflect the range of signals from diluted test samples, while
maintaining test sample optical density of an optimal intensity that is near
the midpoint of the standard curve.

The availability of commercial immunoassay kits is increasing. Two
immunoassay kits of application to melanoma studies were purchased.
These immunoassays were for quantitation of ICAM-1 and of MIA.
ICAM-1 is an 85–110 kDa surface molecule of the adhesion molecule
family. Also named CD54, ICAM-1 is bound to the cell membrane and
extends into the extracellular environment. ICAM-1 has been identified in
melanoma lesions (1–4) and in serum.(5) ICAM-1 expression can be
increased by the cell in response to stimulants such as TNF-a, IL-1b,
IFN-g (6–8), but not IFN-a or IFN-b.(6) Because of the capacity of
ICAM-1 for altered expression, a relatively constant level of ICAM-1 con-
tent would suggest a duplicable process for growth of cells for preparation
of a biological product.

Melanoma inhibitory activity (MIA) was described (9) as an autocrine
growth-regulatory factor expressed by several malignant melanoma cell
lines. An 11 kDa molecule, MIA is secreted into medium during culture
and can be collected in supernatant. MIA protein was detected in neoplastic
melanocytes and breast cancers (10), in serum of rheumatoid arthritis
patients (11), in serum of some gastrointestinal carcinoma patients (12),
but not other skin tumors, including basal cell cancers, squamous cell can-
cers, normal melanocytes, and keratinocytes.(10) MIA mRNA could be
induced by treating fibroblasts, keratinocytes or Hela cells with phorbol
myristate acetate.(13) An inverse correlation of MIA with pigmentation
was reported.(14) Because MIA is secreted, cells obtained from various
cultures may contain variable amounts of MIA.
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Bicinchoninic acid (BCA) protein assay (15) is based upon develop-
ment of a colored complex due to reaction with protein components.
Substances that interfere with the BCA color signal in the presence of
bovine albumin have been reported.(16)

An ICAM-1 immunoassay was adapted for use with the complex
biological substance Melanoma Cell Lysate (MCL). An MIA immunoassay
was tested also for potential use in a similar manner. BCA protein assay was
tested for accuracy when used to determine total protein of this complex
cellular lysate. In order to coordinate these assays with a single extraction
procedure, detergents were tested for interference in immunoassays, as well
as BCA protein assay. The assays were tested for accuracies and inaccura-
cies using validation procedure guidelines.

EXPERIMENTAL

Assay Kits and Reagents

ICAM-1 commercial immunoassay kits were purchased from R and D
Systems (Minneapolis, Minnesota). MIA assay kits were purchased from
Roche Diagnostics (Indianapolis, Indiana). BCA protein assay reagents
were purchased from Pierce Chemical Co. (Rockford, IL). Lyophilized
reagents that required rehydration in water were resuspended into Sterile
Water for Irrigation (SWFIr) (Abbott, Abbott Park, Illinois). Colored sub-
strate o-phenylinediamine (OPD) was purchased from Abbott Laboratories.
Sulfuric acid was diluted from concentrate to 1N in SWFIr. PBS was
diluted from 10� (Mediatech) into SWFIr.

Melanoma Cell Lysate

In order to have a large supply of a complex biological substance, MCL
was obtained from the manufacturing facility of Corixa Corporation,
Hamilton, MT. MCL consisted of blended homogenates of two melanoma
cell lines (17) designated Mel-D and Mel-S. Homogenates had been lyophi-
lized for storage without removal of any cellular components. These lyophi-
lized homogenates constituted a complex biological substance.

Because reconstituted MCL contained particulate materials, deter-
gent treatment, followed by centrifugation, was required to obtain a
solution that would be appropriate for immunoassay. After testing
for detergent concentration, vigor of vortex treatment, and incubation
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time in detergent, a standardized procedure for extraction of MCL was
developed.

1) To lyophilized MCL, add 1mL 0.8% Triton X-100 in SWFIr.
2) Vortex 30 s at high speed.
3) Incubate 5min at 37�C.
4) Vortex an additional 30 s.
5) Aspirate from vial with sterile syringe using 22 gauge needle and

transfer to 1.5mL microtube.
6) Centrifuge 10min 14 000 to 16 000� g.
7) Remove 860 mL of supernatant for assay.

Equipment

A BioTek EL340 plate reader and a BioTek ELX808 plate reader,
BioTek Instruments (Winooski, Vermont) were used. The use of a multiple
channel pipet facilitated delivery of any immunoreagent to the entire assay
plate within one minute. In consideration of ergonomics, two varieties of
multiple channel pipets were used: 1) thumb pipets (Rainin, Eppendorf,
Oxford) that required thumb movement, and 2) trigger pipets (Costar) that
required index finger movement. Pipet tips were obtained fromFisher, Costar
and Eppendorf. For dispensing bulk reagents such as substrate or stop solu-
tion using a multiple channel pipet, reagent basins (Labcor) were utilized.

Plate washing was performed by multiple channel pipets that delivered
300 mL of wash buffer per well. Immunoreagents were delivered in replicates
to the assay plate after arranging these in the desired position in a deepwell
plate. Polypropylene 96-deepwell plates were purchased from Marsh Indus-
tries to provide 0.5mL capacity per deepwell or 1.0mL capacity per deepwell.

Assay Guidelines

Three replicates were performed for each concentration of standards
and for test samples during development of this assay. Late in development,
and for the Standard Operating Procedure, test samples were performed as
quadruplicates. Replicates were placed horizontally in the assay plate to
minimize O.D. variations produced by vertical strips of 8-wells.

Wells that contained SWFIr were included in each assay plate in order
to obtain a reproducible machine blank that would not vary due to
temperature or other conditions. The ‘‘zero standard’’ was not the machine
blank. True background (also called ‘‘noise’’) of the assay was obtained as

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
3
5
 
1
6
 
J
a
n
u
a
r
y
 
2
0
1
1



ORDER                        REPRINTS

ADAPTATION OF COMMERCIAL IMMUNOASSAYS 5

the increase in optical density of the ‘‘zero standards’’ above SWFIr
machine blanks.

In general, certain guidelines for pipetting were established. First, assay
diluent that contained masking solutions were delivered early to all micro-
tubes that would be used subsequently for dilutions of standards. This pro-
cedure increased the possibility of masking the microtube, and decreased the
possibility of loss of analyte to the tube wall. Second, to avoid the possibility
of creating ‘‘bubbles’’ in deepwells, which would obscure visibility, ‘‘blow-
out’’ functions of mechanical pipets were not used. Third, because of the use
ofmultiple channel pipets and deepwell plates, delivery of immunoreagents to
an entire assay plate was completed within oneminute after initiating delivery
to that plate. Fourth, all channels of a multiple channel pipet were utilized for
delivery in order to maximize pipetting accuracy. Fifth, when volume adjust-
ments were performed upon the mechanical pipet, the pipet was adjusted to a
larger volume and then was adjusted downward to the target volume setting.

Room temperature conditions were utilized for ICAM-1 immuno-
assay. Although shaking was recommended by the manufacturer for MIA
immunoassay, 37�C without shaking provided reproducible conditions for
assay incubations.

Commercial immunoassay used proprietary detergents permissive for
binding of antibodies to their respective antigens. Additional detergents
were tested for 1) ability to extract antigen from the complex biological
matrix, and 2) effects upon antibody binding. The detergents were
CHAPS (Pierce), Brij 35 (Pierce), Brij 58 (Pierce), octyl beta-glucoside
(Pierce) and Triton X-100 (Pierce).

Accuracy: Range of the Sample and Linearity of the Sample

For accurate sample ranges (range of the sample), total analyte content
of samples were compared at different dilutions. This comparison was per-
formed visually by graphing dilution factor (reciprocal of dilution) on the
X-axis, and total analyte content on theY-axis. Within a range of dilutions in
which the total analyte content is nearly equal, %C.V. can be expected to be
very low. Total samples within an accurate range were expected to result in a
%C.V. less than 5 or 10%, depending upon the assay.

Sample dilutions that provided linear content values (linearity of the
sample) were determined by graphing dilution factor on the X-axis and
analyte content of that dilution on the Y-axis. Within an accurate range,
a straight line (r2 0.98 or 0.99) was formed.

For ICAM-1 assays, MCL was diluted 1/30, 1/40, 1/50, 1/60, 1/70,
1/80, and 1/90 and ICAM-1 concentration was plotted against dilution
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factor (30, 40, 50, 60, 70, 80, and 90). For MIA assays, MCL was diluted to
achieve dilution factors of 3, 4, 5, 6, 7, and 8. For BCA protein assays, MCL
was tested at dilution factors of 4, 5, 6, and 7.

Accuracy: Spiked Recovery and Standard Addition

Assessment of accuracy by spiking was achieved by two processes:
1) spiked recovery of purified analyte added to the crude substance, and
2) standard additions of purified analyte added to the extracted test sample.

Ideally, spiked recoveries are performed by placing purified antigen
into a substance that possesses a matrix identical to the test substance
but does not possess that antigen. Because it was not possible to obtain a
biological sample that had been prepared identically, but without analyte,
spiking of purified recombinant ICAM-1 into MCL was performed. Such
spiked recoveries, therefore, were actually spiked additions. Known amounts
of purified, carrier-free, recombinant ICAM-1 (R and D Systems) were
added to crude MCL, the extraction procedure was performed, and the
soluble fraction was diluted and assayed. At least three different concentra-
tions of purified ICAM-1 were added to separate samples of MCL for each
test. Total recovered ICAM-1 in ng/mL was plotted against concentration
added, and the line was extended to zero using linear regression. The Y
intercept corresponded to a basic sample without a spike. Simultaneously,
unspiked sample was tested. Percent recovery was calculated by dividing Y
intercept by unspiked ICAM-1 content.

For standard additions to extract ofMCL (the test sample), ICAM-1 or
MIA that was calibrated previously by the manufacturer was added to the
diluted test sample prior to adding the test sample to the immunoassay plate.
In practice, if the test sample were to be diluted 50-fold, and if the targeted
spike amount were 8 ng/mL, then a 25-fold dilution of test sample was mixed
with an equal volume of 16 ng/mL purified analyte. The test mixture then was
added to the immunoassay plate. Three or more concentrations were tested.
In addition, unaltered samples with no spiked addition were tested. A range
of 80 to 120% recovery was required for designation of an ‘‘accurate’’
dilution. For the BCA assay, bovine albumin was added to MCL samples.

Standard Curve

Standard curves for each immunoassay were composed of six non-zero
equidistant points. The range of concentrations of the standard curve was
determined by the most accurate signals of the test samples which were

6 LACY ET AL.
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configured near the center of the standard curve, ranging from around 0.4 to
around 0.6O.D. units. Points of the standard curve were manipulated until
they spanned a range of concentrations useful for test samples whose ana-
lyte content might vary. In addition, the range of the standard curve could
be extended so that it was sufficient to accommodate tests of ‘‘spiked’’
additions of standards to the samples for accuracy measurements.

The zero standard for the standard curve consisted of commercial
assay diluent alone, and was positioned on the assay plate with the stan-
dards of the standard curve. The zero standard (assay diluent) was distin-
guished from the machine blank (SWFIr). When the data were ‘‘blanked’’
against SWFIr, the ‘‘zero standard’’ provided a background optical density
that was a useful measurement for signal/noise calculations.

For ICAM-1, three ranges of standard curves were tested, and the
ICAM-1 standard curve selected for use was composed of 6 equidistant
non-zero concentrations from 3 through 18 ng/mL. Three MIA standard
curves were tested also, and an MIA standard curve consisting of 6 non-zero
points: 2, 5.6, 9.2, 12.8, 16.4 and 20 ng/mL, was selected for final testing.
Standard curve for the BCA assay consisted of 100, 280, 460, 640, 820, and
1000 mg/mL solutions.

Precision: Repeatability, System Precision, Intermediate Precision

Three elements of precision were analyzed: sample repeatability,
system precision (intra-assay precision), and intermediate precision (inter-
assay precision). Three to six separate vials of MCL were assayed at the
same time to determine sample repeatability. Dilutions were compared to
the standard curve, and multiplied by dilution factor for total ICAM-1
content. For System Precision, 12 identical samples of MCL were tested,
as well as a standard solution of commercial antigen, for each immunoassay
and %C.V. was calculated. Intermediate precision was determined over a
period of months, using at least two standard curve ranges, by testing a
single lot of MCL using a new assay kit for each test and by calculating
%C.V. An additional analysis of Intermediate Precision involved three days
of testing identical samples (samples were stable to one freeze/thaw cycle)
using three separate immunoassay kits.

Limit of Detection and Limit of Quantitation

A lower limit of concentration of ICAM-1 that could provide an
optical density greater than background optical density was determined

ADAPTATION OF COMMERCIAL IMMUNOASSAYS 7
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empirically by diluting ICAM-1 standard to very low concentrations and
testing them using the ICAM-1 immunoassay. A concentration that consis-
tently developed an optical density that was three-fold greater than the
background optical density of the ‘‘zero standard’’ (assay diluent) was con-
sidered above the limit of detection (LOD). A lower limit of quantitation
(LOQ) was determined similarly. An acceptable accurate range of values for
each LOQ sample was 80 to 120 percent of the concentration tested.

Robustness: Variations and Parameters

‘‘Front to back’’ variations were due to the length of time required to
load an assay plate which, if lengthy, could lead to variations in optical
density of a sample loaded first compared to that loaded last. After reading
an ICAM-1 immunoassay plate, the plate was turned 180� and read again.
Results were calculated for each orientation. Similarly, plate reader varia-
tions were determined with 8-well strips by carefully repositioning strips
of wells. After performing a front to back test, the right column of wells
was carefully dislodged from the assay plate. Each column of 8-well strips
was moved one column to the right, leaving the first column empty. Results
were calculated for both orientations. This was called a ‘‘column shift’’ test.

Time of incubation, number of wash cycles, and temperature of incu-
bation were investigated. Extraction procedures were tested in order to
obtain complete extraction of antigen from MCL. Effects of detergents
were tested using Triton X-100, Brij 35, Brij 58, CHAPS, and octyl
beta-glucoside.

Stability

Stability was determined by submitting biological substances to mul-
tiple freeze/thaw conditions or to 4 to 37�C storage of MCL extracts. Test
samples of MCL, as well as positive control samples of ICAM-1 and MIA,
were subjected to freezing to �20�C for 15min, followed by thawing at
37�C or room temperature.

Micro-BCA Protein Assay

Protein content was determined in a 96-well microplate format using a
wavelength of 550 nm in a microplate reader, using the Pierce microwell
assay. Wavelength 550 nm was selected from the outset because most

8 LACY ET AL.
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plate readers possess a filter enabling optical density determination at
this wavelength. Volume of the sample or protein standard per well was
25 mL added to 200 mL of BCA reagent mixture. Briefly, bovine albumin was
used to generate a standard curve using 6 non-zero standards that provided
equidistant spacing along a straight line from 100 to 1000 mg/mL: 100,
280, 460, 640, 820, and 1000 mg/mL. The most reproducible signals were
obtained using bovine albumin as a 2mg/mL solution in normal saline
(Pierce). Unlike the standards, which contained normal saline, MCL con-
tained PBS and Triton X-100. To equalize NaCl, buffer, and detergent con-
ditions, equal volumes of standards were mixed with equal volumes of PBS
in Triton X-100 solution. Test samples were brought to equality for NaCl,
phosphate buffer, and Triton X-100 concentration by adding equal volumes
of normal saline. Standardized final concentrations were 0.5�PBS,
1� normal saline, and 0.13 or 0.16% Triton X-100.

RESULTS

Accuracy: Range of the Sample and Linearity of the Sample

A range of sample dilutions were tested to determine any patterns of
variation that may have occurred due to sample matrix, or dilution mani-
pulations. It is noteworthy that the mean ICAM-1 content per dilution, when
plotted, provided no strong pattern for assessing an appropriate range of
dilutions of MCL samples, as shown in Figure 1, although a trend toward
lessened values was visible at the highest dilution. Interestingly, mean
ICAM-1 content for each day, regardless of dilution, when calculated per
experiment, had 1.5 to 10.6%C.V., which included 12 ranging experiments,
each using multiple dilutions. This suggested that the ICAM-1 immunoassay
could be accurate when used with a wide range of sample dilutions. Linearity
testing, however, defined a much narrower range of sample dilutions that
would be accurate. In 5 sample linearity experiments, dilutions of 1/50,
1/60, and 1/70 provided a straight line with r2 greater than 0.98 for all
5 tests, and r2 greater than 0.99 for 4 of the 5 tests.

In contrast, a narrower range of accurate dilutions (range of the
sample) was detected using the MIA immunoassay. Dilution factors of 3,
4, and 5 resulted in a general plateau as shown in graphical form in Figure 2,
with a mean value of 52 ng/mL, 10.1%C.V. using 25 data points. On the
same graph, dilution factors of 6, 7, and 8 formed a lower bench-like pattern
in the curve. Values obtained using dilution factor 6 (mean of 47 ng/mL)
were the highest of that ‘‘low’’ group, yet only decreased the mean by 1 ng,
and increased %C.V. to 11.3%. Next, linearity of the sample for MIA

ADAPTATION OF COMMERCIAL IMMUNOASSAYS 9
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Figure 1. Mean ICAM-1 (ng/mL) content data were obtained for seven different
dilutions of MCL. Using the accepted standard curve of 3 ng/mL through 18 ng/mL,

MCL was diluted 1/30 through 1/90, tested, and mean ICAM-1 content (ng/vial) was
plotted. A weak ‘‘plateau’’ can be visualized between dilutions 1/45 through 1/70.
Dilutions of 1/50, 1/60 and 1/70 were tested 11 or 12 times each. Other dilutions were
tested 3 to 7 times.

Figure 2. Mean MIA concentration (ng/mL) was calculated for six different dilu-
tions of MCL. Visual inspection suggests that a degree of similar accuracy exists for
samples at dilutions of 1/3, 1/4, and 1/5. Each mean was obtained using 5 to 14 data

points.
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immunoassay was tested using dilution factors of 3, 4, 5, 6, 7, and 8. Using
five sets of experimental data, linearity (r2) was calculated resulting in r2 of
0.91–0.93 for dilution factors 3 through 8, r2 of 0.96–0.97 for dilution
factors 3 through 6, r2 of 0.89–0.98 for dilution factors 4 through 7, and
r2 of 0.99 for dilution factors 4, 5, and 6. Combined data were interpreted to
mean that dilution factors of 4 and 5 were most accurate for testing MCL,
and that dilutions of 1/6 would be slightly less accurate.

Range of the sample for the BCA protein assay was determined with
dilution factors of 4, 5, and 6, and resulted in a %C.V. of 3.2. A similar
%C.V. (3.7) was compared by analysis of all data points obtained with
dilution factors 4, 5, 6, and 7. Linearity of the sample for the BCA protein
assay was tested using MCL dilutions factor of 4, 5, 6, and 7. Dilution
factors of 4, 5, and 6 resulted in a line with r2 of 0.99 (two tests), and
dilution factors 4, 5, 6, and 7 resulted in r2 values of 0.97 (two tests).
Combined data for these two tests predicted, therefore, that the most accu-
rate range of dilution factors of MCL for the BCA protein assay would be 4,
5, or 6. MCL dilutions of 1/7 would be less accurate.

Accuracy: Range of the Standard Curve and

Linearity of the Standard Curve

Each standard curve consisted of six non-zero concentrations placed
equidistantly along a straight line. The range of concentrations was an
extension of data that placed the most accurate test sample dilution near
or slightly below the midpoint of the standard curve. For the ICAM-1 SOP,
standard curve 3 ng/mL through 18 ng/mL was combined with the use of
1/50 dilutions of MCL in order to position MCL values slightly lower than
the midpoint of the standard curve. This strategy was used for all three
assays described in this report. In addition, linearity of each standard
curve was assessed by calculating r2. Linearity of the ICAM-1 standard
curve (3 to 18 ng/mL) was 0.9946, the mean r2 of 12 curves.

Range of the MIA standard curve was 2 to 20 ng/mL, which had a
mean r2 of 0.9906 (range 0.9825–0.9993) for 16 determinations. Range of the
BCA protein assay was 100 to 1000 mg/mL, which had a mean r2 of 0.9947
(range 0.9899 to 0.9972 for 5 determinations).

Accuracy: Spiked Recovery

Recombinant human ICAM-1 was purchased from R and D Systems,
diluted into 0.8% Triton X-100 in SWFIr, and added to MCL. Vials of

ADAPTATION OF COMMERCIAL IMMUNOASSAYS 11
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MCL were treated according to the assay procedure and total recovered
ICAM-1 was compared to a separate vial of Melanoma Lysate to which
no recombinant ICAM-1 was added. Spiked recovery, as 3 additions
ranging from 133 to 436 ng/mL, using the preferred 3 through 18 ng/mL
standard curve, resulted a mean recovery of 98.6% (range 69.8 to 132%)
using 1/50 dilutions of test substance, and 87.7% (range 52.4 to 118%) using
1/60 dilutions of test substance. Figure 3 provides a representative graph of
ICAM-1 spiked recoveries.

Accuracy: Standard Additions

Standard additions were performed by adding commercial standards
to equal volumes of MCL. Several dilutions of MCL were tested. ICAM-1
concentrations of 50 to 225% of endogenous ICAM-1 content for that
dilution, were added to diluted MCL test sample. Accuracies of 102 to
108% (3 experiments) were obtained for dilutions of 1/60 and 1/70.
For 1/50 dilutions, accuracy was 95.4% (range 84.8 to 119%, 4 tests) for

12 LACY ET AL.

Figure 3. Spiked Recovery of recombinant human ICAM-1 added to MCL was
tested for 1/50 dilutions of MCL. A representative graph is shown. Three concentra-
tions of recombinant human ICAM-1 were added to separate samples of MCL,

recovered, and tested. Detected ICAM-1 (filled circles) was plotted against expected
ICAM-1 (empty circles). Recoveries were 101 to 102% for these three concentrations
tested. Calculated Y intercept was 372.8 ng/mL, which represented unspiked MCL,

the actual ICAM-1 content of which was 394.1 ng/mL.
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additions of 4 ng/mL, 94.2% (range 74.3 to 119%, 6 tests) for additions of
6 ng/mL, and 91.2% (range 84.8 to 100%, 4 tests) for 8 ng/mL. Endogenous
ICAM-1 content of a 1/50 dilution was about 8 ng/mL.

For the MIA immunoassay, spiked additions were performed using
dilution factors of 4, 5, and 7 for MCL. Precalibrated MIA standards from
the manufacturer were used: 5.4, 8.6, and 12.5 ng/mL. A mean accuracy of
99.0 to 111.4% was obtained using 1/5 dilutions (8 tests) of MCL, but 109.5
to 119.0% accuracy was obtained using 1/7 dilutions (7 tests) of MCL.
Dilutions of 1/4 had lower accuracy ranging from 73.7 to 93.7%.
Dilutions of 1/5 were selected to be most accurate.

Standard additions of bovine albumin (250 to 500 mg/mL) were
accurately detected by the BCA protein assay within diluted MCL. MCL
dilutions of 1/6 had less accurate (75.7 to 92.4%) detection of bovine
albumin, than did MCL dilutions of 1/7 (90 to 100%), in two tests.
Additions above 325 mg/mL had 80% or above accuracy for both dilutions
of MCL.

Precision: Repeatability, System Precision,

and Intermediate Precision

To assess Repeatability, six separate vials of MCL (lot 1) were assayed
for ICAM-1 content on the same assay plate, using a standard curve of 3
through 18 ng/mL, and 1/50 dilutions of MCL. Mean ICAM-1 content had
a 4.5%C.V. The range of ICAM-1 content varied by 92.8 to 104% of the
mean value. On a separate occasion, six separate vials of MCL (lot 1) had a
3.8%C.V., and MCL (lot 2) had a 6.4%C.V. Percent C.V. for assays using
only three vials of test substance varied from 3.3 to 9.9%.

To determine system precision, 12 identical samples of ICAM-1 com-
mercial standard were tested, resulting in a 9.1%C.V.

Intermediate Precision was tested in three ways. First, vials of MCL
were assayed over a period of months to determine variations of the
immunoassay on a day-to-day basis. For ICAM-1, 8 vials on 8 separate
days had 10.4%C.V. with a 1/50 dilution and an 11.1%C.V. with a 1/60
dilution. Dilutions of 1/50 resulted in a range of values from 86.4 to 115% of
the mean value and dilutions of 1/60 ranged from 86.1 to 118% of the mean
value. For MIA, intermediate precision was 19.8% using 1/5 dilutions and
was 16.6% using 1/7 dilutions.

Second, Intermediate Precision was tested by assaying aliquots of the
same sample on different days. Because ICAM-1 is stable to more than
one freeze/thaw cycle (see Stability, below), a large sample of undiluted
MCL extract was divided into aliquots followed by freezing of all aliquots
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simultaneously. The aliquots were stored at �20�C. On three separate days,
four aliquots were thawed and tested for ICAM-1 content resulting in a
combined if 3.2%C.V.

Third, Intermediate Precision of the ICAM-1 immunoassay was
tested using ten separate sample vials of MCL, five each from two dif-
ferent production lots, tested each day for three days, totaling 30 sample
vials. For lot 1, %C.V. per day were 3.9, 5.2 and 3.6%, with 4.4%C.V.
overall. For lot 2, %C.V. per day were 6.8, 10.7 and 4.8%, with
7.3%C.V. overall.

Limit of Detection (LOD)

LOD was defined as the concentration of ICAM-1 that provided
an optical density that was three-fold the background. Background was
obtained from the optical density of a zero-standard. A zero-standard was
a sample that contained all other immunoreagents except ICAM-1. In order
to obtain a background optical density from a zero-standard, the immuno-
assay plate was designed to include several wells of SWFIr to which each
plate reader was blanked. Optical densities obtained from a zero-standard
were very low, in most cases 0.03 optical density units or less. For each
assay, mean optical density of LOD samples was divided by the mean optical
density of the zero standard samples. The resulting value was plotted against
concentration of ICAM-1 tested. This method produced similar data
irrespective of the standard curve in use at the time. ICAM-1 at a concentra-
tion of 1 ng/mL provided an optical density that reproducibly was three-fold
the optical density of background. LOD data for ICAM-1 are shown
in Figure 4.

Limit of Quantitation (LOQ)

Concentrations of ICAM-1 standard lower than the lowest point of
the standard curve, 3 ng/mL, were tested for accuracy of quantitation. Using
cumulative evidence from accuracy measurements, LOQ calculated values
were considered accurate at 80 to 120% of the tested concentration. This
20% variation was an allowance that was calculated around mean spiked
recoveries using 1/50 dilutions which, although they had accurate mean
recovery (98.6%), still had a 19.5%C.V. around that mean.

Calculated values for each LOQ sample were divided by the concen-
tration tested, and plotted against the concentration tested. Extensive preli-
minary testing provided evidence that as test concentrations approached

14 LACY ET AL.
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2 ng/mL, ratios of calculated/test concentrations approached 1.0 (top
panel of Figure 5). Further testing was performed (lower panel of Figure 5),
resulting in mean ratios for LOQ tests: 1.6 ng/mL, 0.54; 1.8 ng/mL,
0.69; 2.0 ng/mL, 0.77; 2.2 ng/mL, 0.72; 2.4 ng/mL, 0.86; 2.6 ng/mL, 0.83;
2.8 ng/mL, 0.81. A concentration above 2.4 ng/mL consistently provided
accuracy with a mean value greater than 0.80, or 80% of the tested
concentration.

Specificity Determined by Parallel Line Analysis

Parallel line analysis provided a means of determining that the
immunoassay recognized native ICAM-1 similar to recombinant ICAM-1
standards, thereby offering a type of specificity. Spiked additions of up to six
concentrations (2 through 9 ng/mL) of purified recombinant ICAM-1 were
delivered into MCL extract. Unspiked and additive values of ICAM-1

ADAPTATION OF COMMERCIAL IMMUNOASSAYS 15

Figure 4. Lower Limit of Detection (LOD) for ICAM-1. For LOD calculations,
low concentrations samples were assayed and optical density was obtained. The

optical density of each low concentration sample was divided by the optical density
of the zero-standard (background) for that assay. The resulting ratio was the signal-
to-noise ratio and was plotted against concentration tested. Average three-fold

background was reached with 0.7 ng/mL sample, lost at 0.8 ng/mL, and regained
at 1.0 ng/mL.D
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content were calculated and graphed. Calculations using the method of
Massart et al., 1989 (18), determined that the slopes of the two lines were
equivalent.

Robustness: Periods of Mixing, Cycles of Washing,

Pipet Brand, and Front-to-Back Variations

In order to determine the effects of mixing by vortex upon the detec-
tion of ICAM-1, four samples of test substance were extracted with no
mixing by vortex, 15 s mixing by vortex, 30, or 45 s. ICAM-1 content of
each sample was 457, 483, 478, and 470 ng/vial, respectively. Mixing was
better, therefore, than not mixing, but any difference between 15 to 45 s had
only a 1.4%C.V. Accidental alteration of the time period for mixing by
mechanical vortex would not alter subsequent detection substantially.

3, 6, and 9 cycles of washing were compared to determine any loss of
signal due to excessive washing of the ICAM-1 assay plate. Background

16 LACY ET AL.

Figure 5. Limit of Quantitation (LOQ) was determined empirically by testing low

concentration samples of purified ICAM-1. For each concentration tested (3 ng/mL
or less), a ratio of calculated results to actual concentration was calculated. At the
LOQ, this ratio was within the assay accuracy of 80 to 120%. Mean (filled circles)

ratios (detected/added) were above 0.8 for ICAM-1 samples with concentrations
above 2.4 ng/mL. The LOQ, therefore, was 2.4 ng/mL.
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optical densities of the zero standard for all washing variations had
a 5.6%C.V., and themaximum signals were similar with a 2.3%C.V. Further-
more, 3, 4, and 5 washes of the MIA assay plate were compared. Linearity of
the standard curve was unaffected. Highest optical density of the standard
curve was achievedwith 3 washes, with 4 washes having 88.3%of the signal of
that of 3 washes, and 5 washes having 92.1% of the O.D. of 3 washes.

Two types of mechanical pipets were tested for delivery to the assay
plate: Benchmate (Oxford) 8 channel pipet, and Pipetman P-100 (Rainin)
single channel pipet (Experiment #W020100A), both pipets fitted with
Costar tips. Standard curves were performed in triplicate. Mean %C.V.
for all concentrations of standards for 8-channel pipet was 4.2� 2.2%
with a median of 3.7%. For a single channel pipet, mean %C.V. was
6.9� 3.0%, with a median of 6.4%. Standard curves had r2 values of
0.993 and 0.989 for 8 channel and single channel pipets, respectively. No
variations due to the plate reader were detected using ‘‘front to back’’
re-orientation of the plate or using ‘‘column shift’’ re-organization of strips.

Robustness: Incubation Time and Temperature

As expected, increased incubation time of antibodies resulted in
increased optical density signals. For the MIA immunoassay, heightened
optical densities were obtained from 90 through 150min incubations.
Equivalent quantitation of MCL was obtained for 90 and 120min incu-
bations. Using a 150min incubation, however, a slight increase in MIA was
obtained for each dilution factor tested, (5 and 7), resulting in about 5 ng
increase (after adjustment to undiluted product) per sample, which was 10%
of the average final value.

For the ICAM-1 immunoassay, no advantage was found by performing
the assay at the higher temperature. For the MIA immuno-assay, 37�C tem-
perature was advantageous. MIA standard curves were tested using three
conditions: shaking the plate at room temperature (as per manufacture
recommendations), no shaking at room temperature, no shaking at 37�C.
Standard curves for all three conditions had r values of 0.99, and Y intercepts
of 0.02 to 0.06. Maximum optical densities, however, were significantly lower
(0.86) when antibody incubations were performed at room temperature with-
out shaking. Although highest optical density was achieved with shaking
at room temperature (1.56), an intermediate optical density of 1.08 was
obtained under 37�C conditions, without shaking. Because shaking vigor
(RPM), was a condition for which calibration was not available, 37�C
condition without shaking was selected for antibody incubation during the
MIA immunoassay.

ADAPTATION OF COMMERCIAL IMMUNOASSAYS 17
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Robustness: Substrate for the MIA Assay

Substrate supplied in the MIA assay kit was 2,20-azino-di-[3-ethyl-
benzthiazolin-sulfonate] (ABTS), which did not have qualities we desired
for an endpoint assay using sulfuric acid as a stop solution. Because the
commercial MIA immunoassay utilized an HRP-labeled immunoreagent,
OPD (Abbott) substrate was substituted for ABTS, and was tested for end-
point optical density without drifting. Stable endpoints were established by
adding equal volumes (100 mL) of 1N sulfuric acid to OPD, after OPD had
developed. This change of substrate also necessitated investigation of opti-
mum incubation time of OPD. Increased optical densities were obtained by
incubating for 12 to 15min, but no change occurred between 15 and 20min
incubations.

Robustness: Detergent

Detergent compatibility was tested first in the ICAM-1 immunoassay
with known standards, and next for extraction of natural ICAM-1 from
MCL. Five different detergents (CHAPS, Brij 35, Brij 58, octyl-glucoside,
and Triton X-100) were tested for potential interference with antibody
detection within the proprietary buffer system of the ICAM-1 and
MIA immunoassays. In general, most of the detergents induced no
significant alteration of detection of ICAM-1 standards within the range
of about 0.01 to 0.1% detergent as shown for CHAPS and Brij 35
(Figure 6), Brij 58 and octyl beta-glucoside (Figure 7), and Triton X-100
(Figure 8). Close agreement was found for all ICAM standards tested, in
the presence of Triton X-100 at final concentrations of 0.003 to 0.02%
detergent in the immunoassay wells (Figure 8).

Brij 35 and Triton X-100 were compared further for ability to
solubilize ICAM-1 within the crude MCL matrix. Results are shown in
Figure 9, which illustrate the superiority of Triton X-100 over Brij 35 for
solubilizing natural ICAM-1 in MCL, followed by ICAM-1 immunoassay.

A working concentration of Triton X-100 that provided optimum
detection of ICAM-1 in MCL then was determined as shown in Figure 10,
resulting in the selection of 0.8% Triton X-100 for development of a stan-
dard procedure to prepare MCL for immunoassay. When diluted 1/50, a
0.8% Triton X-100 extract of MCL results in a 0.016% solution of Triton
X-100 in the assay well, which was within the range of 0.003 to 0.02%
described in Figure 8.

Triton X-100 was tested also for interference with antibody binding
in the MIA immunoassay (Figure 11). Very little interference was found.

18 LACY ET AL.
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The final concentration of Triton X-100 in assay wells of the MIA assay was
0.16% after a 1/5 dilution of 0.8% Triton extract. In the MIA immuno-
assay, variation due to 0.16% Triton X-100 in assay wells was 2.4%.
All concentrations tested of Triton X-100 caused 6.6% or less variation in
MIA assay signal.

Extraction of antigen from MCL by detergent, followed by centrifu-
gation, resulted in an insoluble pellet and a soluble supernatant. To test
completeness of extraction, the pellet was treated again using 0.8% Triton
X-100 and retested for residual ICAM-1 antigen using this ICAM-1
immunoassay. No ICAM-1 could be reclaimed from the pellet.

Stability to Conditions of Storage and Cycles of Freeze/Thaw

Test samples of MCL were treated with 0.8% Triton X-100, centri-
fuged, and supernatants were subjected to freezing from 1 to 4 cycles using

ADAPTATION OF COMMERCIAL IMMUNOASSAYS 19

Figure 6. CHAPS and Brij 35 were tested for alteration of detection of ICAM-1

molecules in immunoassay format. CHAPS detergent and Brij 58 were mixed with
ICAM-1 standards and were tested for interference with detection. Because three
different concentrations of ICAM-1 standards were tested, results were normalized

by comparing the calculated results to concentration of ICAM-1 standard tested.
Roughly, a region of lesser interference can be seen at detergent final concentrations
between 0.01 and 0.1% (concentrations within the assay well). Top panel, CHAPS;

bottom panel, Brij 35.
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�20�C to room temperature conditions. Detectable amount of ICAM-1
in MCL was lessened consistently with increasing cycles of freeze/thaw,
as shown in Figure 12. Similarly, an ICAM-1 commercial standard
(13.8 ng/mL) lost detection from 12.3 ng/mL at one cycle to 10.8 ng/mL at
the second cycle of freeze/thaw. Similarly, a large sample of MCL extract
was divided into 12 aliquots and frozen at �20�C. Four aliquots each were
thawed and tested at three different time points. MCL extract aliquots tested
after 24 h frozen storage had a mean ICAM-1 content of 434.6 ng/vial with a
%C.V. of 1.9%. Similarly, after 48 h storage, 4 separate aliquots had a mean
ICAM-1 content of 439.9 ng/vial with a %C.V. of 2.3%. After 144 h
of storage, 4 aliquots had a mean of 448.5 ng ICAM-1 per vial with
4.5%C.V. The mean of all twelve aliquots tested at three storage times
was 441 ng/vial with a combined %C.V. of 3.2%. ICAM-1 in MCL extract
was stable at �20�C over at least 144 h, thereby allowing tests of intermedi-
ate precision over a period of six days using identical samples.

Furthermore, extracts in 0.8% Triton X-100 were obtained from a
single MCL sample and stored at room temperature, at 4, or 37�C, for

20 LACY ET AL.

Figure 7. Brij 58 and octyl beta-glucoside resulted in scattered results when
ICAM-1 standards were assayed in the presence of various concentrations of those
detergents. As for Figure 6, detergents were diluted into ICAM-1 standards at three

concentrations of standard, and tested by immunoassay. Mean values are shown.
Detergent concentrations were those within assay wells. Top panel, Brij 58; bottom
panel, Octyl beta-glucoside.D
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Figure 8. Triton X-100 was tested for interference with detection of ICAM-1 stan-

dards in immunoassay. Close agreement was found for all ICAM standards tested,
regardless of ICAM-1 concentration, in the presence of Triton X-100 at final con-
centrations of 0.003 to 0.02% in the immunoassay wells. When compared to the
adopted procedure of treating Melanoma Lysate with 0.8%, Triton X-100 and dilut-

ing 50 fold for assay, the final concentration of Triton X-100 in the assay well would
be 0.016% which is within the range of accuracy.

Figure 9. Triton X-100 is superior to Brij 35 for solubilization of ICAM-1 in MCL.
Three different concentrations of Brij 35 (empty circles) and Triton X-100 (solid

circles) were compared for effectiveness of solubilization of ICAM-1 in MCL
followed by detection in ICAM-1 immunoassay. Data points represent mean values
of at least four experiments and are shown with error bars.
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22 LACY ET AL.

Figure 10. Treatment of MCL with 0.8% Triton X-100 results in optimum detec-
tion of ICAM-1 by immunoassay. Data from 10 experiments were combined. Mean

ICAM-1 content per extraction was plotted, regardless of dilution after extraction by
Triton X-100. Each mean was obtained from 4 or more values of MCL. Triton X-100
concentration (horizontal, X axis) refers to the concentration used for extracting

ICAM-1 from MCL.

Figure 11. Effects of Triton X-100 Detergent concentrations upon fixed concentra-
tions of MIA standards were tested. Data shown are means of three experiments.

The largest variation found due to detergent was 6.6%. At the concentration of
Triton X-100 found in the assay well (0.16%), 97.6� 0.4% accuracy was found.
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5 h or overnight. All samples were then tested on the same assay plate.
Results were calculated relative to room temperature conditions, resulting
in identical (100 and 98% agreement) quantitation for 4� storage, and loss
(up to 12% loss) of signal due to 37�C conditions of storage for 5 h or
overnight. Storage of MCL extract at room temperature did not alter, signi-
ficantly, the detectable ICAM-1 level.

MIA standards were subjected to one or two cycles of freeze/thaw. All
curves, regardless of freeze/thaw treatment, had r values of 0.99, and Y
intercepts of 0.07 to 0.09. Optical density of highest standard of once-
frozen standards was 96.2% of fresh standards, and optical density of
highest standard of twice-frozen standards was 99.2% of fresh standards.

Conditions for Optimizing BCA Accuracy in the

Presence of Detergents

In general, increasing the concentrations of Triton X-100, Triton
X-114, Brij 35, and Brij 58, from 0.1 to 0.8%, using bovine albumin as a
test sample, caused 6 mg increase in BCA assay results prior to adjustment
for dilution factor. Using 62.5, 125, and 250 mg test samples of bovine serum
albumin, concentrations of 0.1 and 0.2% detergents resulted in losses or
gains for Triton X-100 (gain of up to 17 mg), Brij 35 (loss of 6 mg to gain
of 3 mg), Brij 58 (gain of 3–4 mg), CHAPS (gain of up to 40 mg), and octyl

ADAPTATION OF COMMERCIAL IMMUNOASSAYS 23

Figure 12. ICAM-1 within MCL is susceptible to freeze/thaw denaturation. MCL

was solubilized in 0.8% Triton X-100, divided into equal volumes and each aliquot
was submitted to cycles of freezing and thawing. Loss of ICAM-1 was noted after
2 cycles of freeze/thaw.

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
3
5
 
1
6
 
J
a
n
u
a
r
y
 
2
0
1
1



ORDER                        REPRINTS

beta glucoside (loss of 27 mg to gain of 15 mg) of the expected quantitation
prior to adjustment for dilution factor. Using 125 and 250 mg test samples of
BSA, concentrations of 0.1 and 0.2% Triton X-100 in the diluted sample
resulted in 100% (identity) to 107% (up to 17 mg increase) of the expected
quantitation prior to adjustment for dilution factor.

MCL extracts were standardized using 0.8% Triton X-100 for the
BCA protein assay also, in order to coordinate BCA assays with immuno-
assays. Using MCL dilutions of 1/6, Triton X-100 concentrations in the test
sample would be within 0.1 to 0.2% detergent concentrations. Effects by
residual detergents in MCL tested using the BCA assay were 7% or less.

Standard Operating Procedures for these Assays

Standard Operating Procedures (SOPs) were developed. The ICAM-1
and MIA immunoassays shared an identical procedure for antigen extrac-
tion from MCL, but diverged in the procedure for antigen detection. Briefly,
a sample of MCL averaging about 3.0mg/mL protein content lyophilized
in PBS, was treated with 0.8% Triton X-100 in SWFIr, vortexed 30 s,
incubated 37�C for 5min, vortexed again for 30 s, then centrifuged in a
microtube at 14 000 to 16 000� g for 8min. From the supernatant, 860 mL
were removed from the microtube and submitted to immunoassay.

For ICAM-1 immunoassay, a standard curve of 6 non-zero equidistant
points (3 to 18 ng/mL) in triplicate was made by diluting only the highest
concentration standard of the commercial ICAM-1 immunoassay kit. MCL
extract was diluted 1/50 in commercial assay diluent for addition to the assay
plate. The MCL test sample was incubated at ambient temperature for 2 h
with capture antibody, followed by 5 washes, followed by 2 h incubation at
ambient temperature with detecting antibody, 5 washes, and 20min of OPD
color development, followed by equal volume (100 mL) of stop solution. Excel
spreadsheets were developed to analyze data imported from the plate reader.

Similarly, the MIA immunoassay proceeded by diluting the highest
concentration standard to make a standard curve of 6 non-zero points,
equidistant on the curve from 2 to 20 ng/mL. Test sample (1/5 dilution of
MCL) was added in a 20 mL volume with 180 mL detecting antibody and
incubated for 120min at 37�C. Following 4 washes, color was developed for
the MIA immunoassay using 100 mL OPD for 15min followed by equal
volume of 1N sulfuric acid stop solution. Excel spreadsheets were developed
to analyze data imported from the plate reader.

A standard operating procedure for BCA protein assay was also deve-
loped. Bovine albumin in saline was diluted to make a two-fold concentra-
tion of each standard curve concentration. Equal volumes of each two-fold

24 LACY ET AL.
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standard and a standards diluent (0.266% Triton X-100 in 1�PBS) then
were mixed. MCL was prepared as 0.8% extract in Triton X-100. One part
MCL extract was added to 2 parts PBS. That test sample was mixed 1 : 1
with normal saline, resulting in dilution to 1/6. To 200 mL BCA reagent
mixture was added 25 mL standards or test sample. Solutions were incubated
30min at 37�C. O.D. was determined at 550 nm using a plate reader.
Suggested dilutions were based upon an MCL protein content of about
3mg/mL. Excel spreadsheets were developed for data analysis.

DISCUSSION

Biological products may be processed from biological substances that
are complex in composition. Biological complexity can exist at steps during
the production process, and can persist at its end. Assays to monitor the
presence and quantity of a specific component within a complex biological
substance include immunoassays. Indeed, ICH guidelines of 1999 for test
procedures for biological products state that ‘‘immunochemical properties
may be used to quantify a protein,’’ and referred to ELISA or Western blot
procedures.(19) An ELISA is an assay whose components are biological pro-
ducts, whose specificity relies upon immunochemical recognition. Like other
assays, an ELISA possesses elements that can be tested for agreement with a
previous standard or agreement with historical information, or agreement
with a large number of samples. These elements are tested to determine if
an assay is appropriate for its purpose. Such testing is called validation.

Although previously validated by their manufacturers for use with
culture supernatants or with serum, we wished to assess two immunoassays
for use with MCL, a complex biological product. At the outset, we wished to
determine a dilution of sample that 1) gave a reasonably strong signal using
the immunoassay, and 2) gave accurate results with a minimum of matrix
effect. Assessments of accuracy, therefore, were most valuable for our
efforts, and were a natural starting point. We assessed accuracy using several
steps: 1) determine a dilution that provides an assay signal that is high
enough to be near the midpoint of a linear standard curve, and that, simul-
taneously, is low enough to allow addition of purified analyte (for spiking
studies); 2) determine an expanded range of sample dilutions that might
provide such a signal; 3) determine the presence or absence of a matrix
effect at these sample dilutions by adding purified analyte and testing for
percent recovery or percent detection.

Accuracy was calculated using four measurements: spiked recovery,
spiked additions, range of the sample, and linearity of the sample. It
was important to determine the ability of antibodies used in these two
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immunoassays to detect, equally, the natural analyte possessed by the test
sample, as well as to detect purified analyte used for each standard curve.
Spiking experiments determined that purified recombinant analyte could be
detected within the matrix in which the natural analyte was detected, but
that the measurement was most accurate using a particular dilution of the
complex biological substance.

Mean ICAM-1 accuracy using spiked recoveries was 98.6% using 1/50
dilutions, but had a range of 70 to 133%. Accuracy measurements were
obtained, also, by adding ICAM-1 standards to diluted MCL extract
(Standard Addition), resulting in a mean 93.7% accurate detection, within
an actual range of 74.3 to 119%. Accuracy of such recovery experiments
have been reported by other investigators and include 113 to 136% in
plasma (20), 99.3� 1.5% in plasma (21), 81 to 101% and 85 to 122% in
rat serum (22), 109� 11% in whole blood (23), and 92 to 104% in
serum.(24) ICAM-1 tests using different dilutions of MCL (Range of the
Sample) were expected to point to a narrow range of sample dilutions that
would be accurate, and that range of dilutions was expected to agree with
data using Spiked Recovery. Range of the Sample was tested using dilutions
of 1/30 to 1/90, none of which dramatically altered the quantity of ICAM-1
detected, and ranged from 90 to 115% of the mean of those values. Sample
linearity, however, detected greatest linearity for 1/50, 1/60, and 1/70
dilutions of MCL. Adaptation of ELISA by other investigators have invol-
ved fewer dilutions, such as evaluation of two dilutions (1/3 and 1/10) for
antibiotic residue in ground beef using an ELISA developed for milk.(25)
Combined Accuracy measurements, therefore, led to the selection of 1/50
dilutions of MCL for use in the ICAM-1 immunoassay SOP. In turn, the
O.D. of 1/50 dilution MCL was the single largest factor for determining the
range of ICAM-1 standard curve concentrations, following the logic that a
1/50 dilution MCL sample should lie near the midpoint of the standard
curve. It is noteworthy that Triton X-100 concentrations within a wide
range did not affect significantly the quantitation of ICAM-1 by immunoas-
say, which provided accuracy for other measurements within that acceptable
range of detergent concentration. CDER guidelines (26) include ‘‘�15% of
normal value’’ for accuracy. Guidelines for complex biological products
have not been suggested. As a result of these investigations, we determined
that 80 to 120% of the target value, reflecting the range of recoveries, was an
accurate range of quantitative detection for the ICAM-1 immunoassay
when used with the complex biological product MCL.

Second, we determined precision. The two commercial immunoassays
tested herein possessed precision when used with MCL. Using an assay
procedure that we propose for the ICAM-1 immunoassay, precision was
determined using a combination of measurements: repeatability, system pre-
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cision, and intermediate precision. Measurements of precision are reflected
in %C.V. of the mean of results.(26,27) For ICAM-1 content of MCL
extracts, precision as %C.V. was 3.3 to 9.9% (repeatability), and 10.4%
(intermediate precision). This precision compares favorably with intermedi-
ate precisions obtained by other investigators using ELISA methods, includ-
ing 0.39 to 11.1% for a plasminogen activator ELISA (28), 7.6 to 14.8% for
human epidermal growth factor (29), 4.4 to 7.7% for thrombospondin
ELISA (20), 6.4 to 10.7% for an osteocalcin ELISA in rat serum (22), or
2.9 to 4.2% in a plasma homocytesine ELISA.(21) Our highest ICAM-1
C.V. was 10.4% which is considerably less than the 20% recommended by
Findlay (30), and within the 15% upper limit suggested by CDER (26) for
bioanalytical methods.

System precision (intra-assay precision) of ICAM-1 immunoassay was
measured at 9.1%, which is slightly higher than other reported CVs for
system precision, which include 5.16 to 7.24% for a plasminogen activator
ELISA (28), less than 7.5% for thrombospondin ELISA (20), 4.6 to 6.1%
for an osteocalcin ELISA in rat serum (22), or 0.3 to 2.8% for a plasma
homocytesine ELISA.(21)

Limits for detection of ICAM-1 were tested for agreement with manu-
facturer’s data. LOD was 1.0 ng/mL. LOQ was determined using an accep-
tance criterion of 80 to 120% accuracy. Samples of 2.4 ng/mL achieved 80%
accuracy. Using other elements of validation, the ICAM-1 immunoassay was
robust as judged by temperature of incubation, time period of mixing by
vortex, type of mechanical pipet used, and cycles of washing the assay plate.

Other elements of assay validation were investigated. Our calibration
curves (standard curves) were linear, although some ELISA standard curves
are non linear.(30) Linearity of our standard curves may have been a result
of a lessened range of concentrations for both the ICAM-1 and MIA
ELISAs. For stability, room temperature storage of MCL in 0.8% Triton
X-100, after centrifugation, provided an ICAM-1 assay result similar to that
of storage at 4�C. This stability of epitopes ensures accurate quantitation
over the period of 5 h tested. CDER guidelines (26) suggest that stability to
freeze-thaw cycles can be determined by submitting the test substance to
�20�C then thawing for up to 3 cycles, followed by testing. For MCL;
quantitation of ICAM-1 in MCL was lessened after the second cycle of
freeze/thaw. Even more sensitive to freeze/thaw cycles was commercial
recombinant ICAM-1, the detection of which was lessened after the first
freeze/thaw cycle.

For the MIA immunoassay, accuracy was measured by testing the
range of sample dilutions, linearity of sample dilutions, and by spiking,
using the technique of standard addition. Similar to the strategy for adapta-
tion of the ICAM-1 immunoassay, a range of sample dilutions was tested
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for evidence of accurate immunodetection within the MCL matrix. The
most linear range of MCL dilutions that of DF 4, 5, and 6, had an r2 of
0.99. Standard additions had most accuracy (99.0 to 111%) using a 1/5
dilution of MCL. A dilution to 1/5, therefore, became the preferred dilution
of MCL for MIA immunoassay.

MIA precision was based upon an intermediate precision (%C.V.) of
19.8%, which is a value very close to the 20% limit C.V. recommended by
Findlay (30), and greater than the 15% upper limit suggested by CDER (26)
for bioanalytical methods.

If it is desired that antigen content be related to protein content, we
found that the BCA protein assay is accurate using the same Triton X-100
extracts that were tested by immunoassays. The BCA protein assay (15)
quantifies color formation due to dye complexes with cysteine, cystine,
tryptophan, tyrosine, and peptide bonds (16), but can suffer interference
due to compounds which include the reducing agent dithiothreitol.
Minimal alteration of BCA signal by Triton X-100 has been described.(31)
Spiking of bovine serum albumin into Triton X-100 extracts confirmed that
Triton X-100 did not alter accuracy of the BCA assay. Our MCL test prod-
uct had about 2.3mg/mL protein. Although dilutions of 1/4 through 1/7
resulted in similar total protein content with a 3.7%C.V., we found that high
concentration spikes (>325 mg/mL) of BSA were detected more accurately
than low concentration spikes into more diluted 1/7 than less diluted 1/6
samples. It is possible that lipid or other cellular constituents may interfere
with accurate detection of added protein.

We found that Triton X-100 was permissive for binding of antibodies to
ICAM-1 and to MIA over a range of concentrations. For our purposes,
Triton X-100 was selected after testing several detergents. Triton X-100
binds hydrophobically to proteins (32), but does not promote denatura-
tion.(33) TritonX-100 has allowed native ligand binding in biological systems
such as serotonin receptors in the range of 0.01 to 0.1% Triton X-100 (34),
gamma-aminobutyric acid (GABA) receptors (35), and estrogen receptors
(36) without increasing non-specific binding. Concentrations above 0.1%
have caused loss of binding (36,37), and 0.2% Triton X-100 solutions have
lessened insulin receptor binding.(38) Triton will solubilize eukaryotic
membranes.(37)

In summary, during the developmental stage of immunoassay adapta-
tion for use with a complex biological substance, we found that tests of
accuracy had the greatest value. Not only were several dilutions of MCL
tested (range of the sample), but ‘‘spiking’’ experiments were performed to
determine which of those dilutions would be most accurate. In fact, four
aspects of accuracy were tested for ICAM-1 immunoassay, and three for
MIA: spiked recovery (ICAM-1 only), standard additions, range of the

28 LACY ET AL.

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
3
5
 
1
6
 
J
a
n
u
a
r
y
 
2
0
1
1



ORDER                        REPRINTS

sample, linearity of the sample. After accurate dilutions were determined,
other features of the assay could be solidified, such as range of the standard
curve, precision, establishment of detergent concentrations permissive for
antibody binding at the most accurate dilution of sample, stability, and
robustness.
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