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A New Efficient Method for Eliminating the
Interference Effect of Human Serum and
Increasing the Sensitivity and Recovery

Rate of Enzyme Immunoassay

Resul Karakus, Bugra A. Buyrukcu, and Cemalettin Aybay
Department of Immunology, Faculty of Medicine, Gazi University,

Besevler, Ankara, Turkey

Abstract: A new, very simple method for increasing the sensitivity and recovery rate

of enzyme-linked immunosorbent assay (ELISA) for the precise quantification of

antigen in human serum is described. The assay design uses CATNF6A4c IgG2a

monoclonal antibody and biotinylated anti-human tumor necrosis factor-a (hTNF-a)

polyclonal mouse IgG as the capture and tracer antibodies, respectively. The assay is

completed within 4 hours at room temperature and is capable of detecting both recom-

binant and native human TNF-a.

The assay incorporates the use of saturated ammonium sulfate (SAS) as a component

of the dilution buffer to amplify the resultant signal from antigen containing human

serum and eliminating the endogenous interference of native human serum. SAS

worked optimally at the final concentrations, ranging from 1.2% to 11%. The

addition of SAS to the dilution buffer resulted in a dramatic increase in both sensitivity

and recovery rate of the ELISA.

The results demonstrated that 50mL of dilution buffer, containing SAS, enabled the

precise quantification of human TNF-a in 100mL of human serum samples and elimi-

nated the interference of native serum, which seemed to be related to complement

proteins. Therefore, dilution buffer containing SAS, at a defined concentration,

seemed to be a potential candidate for resolving sensitivity and recovery problems

usually encountered in immunoassays when measurement was performed with native
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serum samples. The proposed technique provides an easy, practical, and consistent

method for ELISA when using human native serum.

Keywords: ELISA, Sensitivity, Recovery rate, Serum, Complement, Interference,

Ammonium sulphate, Human tumour necrosis factor alpha

INTRODUCTION

The increasing availability and use of immunoassays in research, as well as in

clinical laboratories, has mounted a number of problems.[1,2] One of the major

problems confronted in immunoassays is that the overall recognition between

the analyte and the reagent is restricted to a limited portion of the molecule.

Another difficulty is characterized by the fact that these methods operate at

very low concentrations and are very sensitive to the enviromental conditions

created by molecules present in much higher concentrations. These factors

hinder achieving good analytical performance in immunoassays.[1,3 – 6] It

has been shown that different sample matrices significantly affect the func-

tional sensitivity, precision, and dilution linearity of certain immunoassays

designed for particular molecules.[4]

Interference observed in immunoassays is defined as interference from

human antibodies which are of sufficient titer and affinity to have an analytically

significant effect and the immunogen yet to be identified.[7] Interference resulting

from the use of human serum has an insidious and unpredictable nature.[8]

Heterophilic antibodies, such as human anti-mouse antibodies (HAMA), have

an important impact on interference, especially in solid-phase sandwich

immunoassays based on monoclonal antibodies. Rheumatoid factors, though

their affinity is usually too low to cause significant interference, are also being

regarded as factors for interference in immunoassays.[9,10] In general, apart

from the nature of the reagent and the analyte, interference may lead to falsely

elevated or depressed results, which may mean wrong decisions based on

these results. For reasons mentioned above, and for several other interference

factors, it is being recommended that special attention should be given to

the HAMA issue and other interfering factors.[11] Although there is no

guarentee that any given assay will not be effected by HAMA, sample pre-

treatment, use of Fc-removed capture antibodies, or chimeric antibodies, heat-

pretreatment has been addressed to remove or minimize the potential effects

of interfering factors, including HAMA.[7,11–14]

The material often recommended for immunological assays is native serum.

A freshly drawn serum sample contains an active complement system, which

might not be sufficiently inactivated, even during storage. The complement

system is a potent amplification system in humoral immunity. The split-

product, C3b, binds to immune complexes formed during an immune reaction

and acts as an opsonin. There are also counter balancing factors, such as
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factor H and I, which promote the degradation of the active C3b molecules.

Because mammalian antibodies used in most immunological assays may

activate the human complement system, and these active components could

bind to antibodies,[15] there is always a potential risk of partly or totally

blocked antibody binding epitopes when native human serum is used in immu-

noassays without pretreatment or any other interference preventive measures.[16]

Several assays have clearly demonstrated this phenomenon.[15,17–19]

In order to overcome interference related issues resulting from the use of

human serum, assays have been performed with the use of antibodies origin-

ating from several other species, i.e., other than mouse. In this regard, isotypes

of mouse or human immunoglobulins have also been found to be responsible

for the degree of interference in immunoassays. Human IgG1 and G3, as well

as mouse IgG2a and G2b, are found to be strong activators of the complement

proteins.[19] Chicken IgG was found to not activate the human complement

system and, therefore, it is recommended to be used in solid-phase immuno-

metric assays to reduce interference.[18,19] Although antibodies derived from

egg yolk seemed to be offering many advantages over mammalian antibodies

in several aspects, most of the antibodies used in this research, as well as in the

diagnostics area, are of mouse origin and,therefore, this kind of approach

seems to be not practical. Since affinity and, in part, the isotype of the mono-

clonal antibodies, are determined randomly, it is not always possible to have a

high affinity immunoglobulin (Ig) that would be preferable, due to their low

activation potential in regard to the complement system. Hence, there

should be at least a “plan B” for overcoming assay related troubles, such as

interference originating from the sample itself.[17,18]

Another method for overcoming interfering factors in human serum

would be to precipitate the factors, i.e., proteins, but the analyte itself. In a

study using a modified “two-site” immunoradiometric assay, the occurrence

of non-analyte antibody-binding substances has been found in about 40%

of the serum samples. Because these antibody-binding substances mimic

the presence of analyte, the possibility of over- or under-estimates of the

analyte is regarded as a potential risk with the immunoassay.[20]

In the case of human serum, several precipitation agents have been used for

a long time to purify certain molecules. Although this may denature some mono-

clonal antibodies, it is well known that saturated ammonium sulfate (SAS), at

certain concentrations, precipitates Ig’s, and this method is still being used in

Ig purification in conjuction with others following more sophisticated and discri-

minating methods. Because SAS is highly soluble in water, it stabilizes most

proteins in solution, favors protein interactions rather than protein-solvent inter-

actions, promotes aggregation of proteins, and helps reduce the lipid content

of the sample. Since each protein has a different solubility, this method is

useful for isolating groups of proteins, as well. These may account for the

pros and cons of precipitation with SAS.[21,22] At certain concentrations of

SAS, specific protein groups are precipitated from normal human serum.[23,24]
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From this point of view, we investigated the possible roles of SAS in

preventing the so-called non-specific interference factors, especially those

that may be attributable to complement proteins found in native human

serum, on the measurement of TNF-a using ELISA.

EXPERIMENTAL

Reagents

The following materials were purchased from commercial suppliers:

RPMI-1640, L-glutamine, Ficoll-Hypaque, lipopolysaccharide (LPS) from

Salmonella thyphimurium, complete Freund’s adjuvant, incomplete Freund’s

adjuvant, ethylene diamine-tetra acetic acid (EDTA) (Sigma, St. Louis, MO,

USA); Foetal calf serum (FCS; FCS was heat-inactivated by keeping at 568C
for 30 minutes), Bovine serum albumin (BSA; Fatty acid free) (PAA Labora-

tories GmbH, Linz, Austria); EZ-Link Sulfo-NHS-LC-Biotin (Pierce Bio-

technology, Inc., Rockford, IL 61105); Streptavidine-Horseradish peroxidase

(Vector Laboratories Inc., Burlingame, CA 94010); Recombinant human

TNF-a (rhTNF-a; PeproTech, Inc., Rocky Hill NJ); Ammonium sulfate

((NH4)2SO4) (Merck, D-6100 Darmstadt, Germany).

Cell Line

Anti-human TNF-a monoclonal antibody (mAb) producing hybridomas

were established by the conventional polyethylene glycol (PEG) fusion

method, using splenocytes from an immune BALB/c mouse and the NSO

cells as the myeloma partner. Determination of isotype was performed

with a commercially available isotyping kit (ISO-1, ImmunoType Mouse

Antibody Isotyping Kit, Sigma Chem. Co., MO, USA). Among the nine

different anti-human TNF-a mAb-secreting hybridomas, CATNF6A4c

(isotype IgG2a, specific for both native and recombinant human TNF-a)

was selected for capture antibody according to data obtained from

preliminary assays.

Monoclonal Antibody Purification

Anti-human TNF-a mAb was purified from the supernatant of CATNF6A4c

hybridoma cultured in RPMI-1640 supplemented with 10% IgG-depleted

FCS using Hi-Trap Protein G column (1 mL MAbTrap G II Kit, Supelco

Bellefonte, PA) attached to a high-pressure liquid chromatography (HPLC)

system (Agilent 1100 Series HPLC system. Agilent Technologies, GmbH,

Waldbronn, Germany). Protein G-bound antibodies were eluted with 0.1 M
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citric acid pH 2.5 and then immediately neutralized with trizma. The eluted

peak fraction was passed through a Sephadex G-25 Fine column

(1 � 30 cm). Protein concentration was measured spectrophotometrically

using bovine serum albumin (BSA) as a standard.

Production of Polyclonal Antibody

Mouse antiserum to human TNF-a was prepared by immunizing a ten-week

old BALB/c mouse four times at four-week intervals. Ten micrograms of

rhTNF-a was used for each injection. Recombinant hTNF-a was emulsified

with complete Freund’s adjuvant at 1 : 1 ratio (v/v) and injected intraperi-

toneally plus subcutaneously at four different sites in the abdominal region.

Second and third injections of the antigen were given, after mixing with

incomplete Freund’s adjuvant, via the same route. Five days after the last

injection of antigen in PBS only, a mouse was driven into general anaesthesia

with ketamine/xylazine cocktail and then 1 mL of blood was collected;

then, the serum was recovered. The whole IgG fraction containing polyclonal

antibodies (pAbs) was purified from serum using a Hi-Trap protein G

column.

Biotinylation of Polyclonal Mouse IgG

Biotinylation of anti-human TNF-a pAbs was performed using EZ-Link

Sulfo-NHS-LC-Biotin according to the manufacturers instructions. Free biotin

was chromatographically eliminated using a Sephadex G-25 Fine-packed

1 � 30 cm column.

Production of Native Human TNF-a

Heparinized human peripheral blood was collected. Peripheral blood mono-

nuclear cells (PBMCs) were separated using Ficoll-Hypaque centrifugation.

Cells were washed three times with RPMI-1640 and then used for experiments.

These cells were cultured at 1 � 106 cells/mL per well in 24-weIl tissue culture

plates (Costar. Corning Incorporated. Corning. NY. USA) containing RPMI-

1640 medium supplemented with 10% FCS and with or without the presence

of 0.1mg/mL of LPS at 378C in a 5% CO2 atmosphere. Supernatant samples

were taken from cell cultures 24 h later and used as the source of native hTNF-a.

Human Serum and Plasma

Human blood was obtained from either the laboratory personnel or the routine

immunology laboratory. Human serum was separated from the coagulated
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blood samples and used in the experiments described in this study. For hepa-

rinized and citrated plasma, 5 mL blood samples were drawn from each indi-

vidual directly into tubes containing either 100mL of 5000 IU/mL heparin

sodium or 3.8% sodium citrate, separately. All samples were assayed simul-

taneously, just thereafter, without storage.

Enzyme-Linked Immunosorbent Assay (ELISA)

High binding capacity ELISA plates (Costar, No: 3590. Corning lncorporated,

Corning, NY, USA) were coated with 100mL of CAyTNF6A4c mAb at

5mg/mL in 0.05 M carbonate-bicarbonate buffer (CBB), pH 9.6, by incuba-

ting overnight at þ48C. After washing 3 times with a washing buffer consist-

ing of PBS plus 0.04% Tween 20 (PBS-T), plates were blocked with 200mL of

PBS-1% BSA and then incubated at room temperature (RT) for 2 hours. The

plates were then washed five times with PBS-T. 100mL of the standards or the

samples were added to the wells, which contained 50ml of dilution buffer,

with or without various concentrations of SAS or EDTA. The dilution

buffer consisted of 1% BSA-PBS. Plates were incubated for 2 hours at RT.

After washing three times with PBS-T, 100mL of biotinylated polyclonal

antibody at 1mg/mL was pipetted into each well and then incubated for

60 min at RT. After washing three times with PBS-T, to each well, there

was added 100mL of streptavidine-horseradish peroxidase at 0.4mg/mL,

followed by incubation for 60 min at RT. After washing 3 times with

PBS-T, the reaction was revealed with 100mL of 3,30,5,50 tetramethylbenzi-

dine (TMB) solution for 30 min at room temperature. After stopping the

reaction with 50mL of 1M H2SO4, the optical density (OD) of each well

was measured with an ELISA reader (Sunrise Elisa Reader, Tecan Austria

GmbH, Grödig/Salzburg, Austria) at 450/620 nm.

Statistical Analysis

Statistical analyses were performed by Student’s t-test. Differences were

considered statistically significant if p , 0.05. Regression-correlation

analysis was performed. Inter- or intra-assay coefficients of variation (CV)

were calculated and used for the quality control of the human TNF-a

ELISA. Calculations were performed with SPSS for Windows, version 10.0.

RESULTS

Effect of SAS on Human TNF ELISA

The optimum concentration for SAS to be added to the dilution buffer was

determined by using different concentrations ranging from 100 to 0.04%.
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Because 100mL of the sample was added to wells containing 50mL of

SAS-containing dilution buffer, the final concentration of SAS in the wells

decreased to 1/3 of its original concentration.

Except for human serum, absorbance values of PBS-1% BSA, RPMI-

10%FCS, and FCS samples did not significantly differ among all concen-

trations of SAS tested (Figure 1A).

When the effect of SAS was evaluated on PBS-1% BSA, RPMI-10%FCS,

and FCS samples containing rhTNF-a at 330 pg/mL, no significant difference

was observed up to 11% final concentrations of SAS. However, a dramatic

increase was observed in the OD levels of human serum containing the

same amount of rhTNF-a. SAS produced a concentration dependent

Figure 1. Effect of various concentrations of SAS on the OD levels of various samples

assessed with TNF-alpha ELISA. 100mL of different samples without (A) or with

rhTNF-a at (B) 330 pg/mL was added to anti-hTNF-a mAb-coated wells containing

50mL of dilution buffer with various concentrations of SAS. Further steps of the

ELISA were performed as described in materials and methods section. Except for native

human serum containing rhTNF-a, other samples did not demonstrate a prominent

change in the OD levels by the addition of SAS up to the final concentration of 11%.

However, dilution buffer containing SAS at the final concentrations between

1.2–11%, indicated by a horizontal dotted line, increased the OD levels of antigen con-

taining human serum to a level nearly equal to that of other samples containing the same

amount of antigen. Data are the means of triplicate wells of a representative experiment.
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increase in the OD levels of human serum containing rhTNF-a at 330 pg/mL.

More importantly, SAS at the final concentrations of 1.2–11% produced OD

levels in human serum that were nearly equal to those obtained from other

samples containing an equal amount of rhTNF-a (330 pg/mL) (Figure 1B).

Hence, in all subsequent experiments, it was decided that dilution buffer

containing SAS at 9% (which corresponded to 3% final concentration)

seemed to be convenient to use as a component in the establishment and

improvement of TNF ELISA for human serum. In addition, the effect of

EDTA ranging from 0.09 to 60 mM was also analyzed. Similar effects were

also obtained when EDTA was added to the sample diluent (data not shown).

Standard Curves of TNF ELISA Performed with Various Samples

Standard rhTNF-a was prepared at various concentrations, ranging from 1.3 to

1000 pg/mL in various samples. Figure 2 shows a comparison of the standard

curves obtained from various samples with the presence of either dilution

buffer without SAS (Figure 2A) or dilution buffer with 9% SAS (Figure 2B).

Standard curves obtained for RPMI-10, FCS and heat-inactivated human

serum, with either dilution buffer without SAS or dilution buffer with 9%

SAS, were found to be very similar to each other.

A potential interference of complement proteins was evaluated by using

heat-inactivated human serum and EDTA. Heat-inactivated human serum in

dilution buffers, either with or without SAS, produced standard curves very

similar, not just to each other, but also to those of RPMI-10 and FCS

(Figure 2A and Figure 2B).

Performance Characteristics of TNF-a ELISA

Sensitivity

The standard antigen was diluted serially in human serum and the minimum

detection limit, estimated by assaying the human serum four times, was less

than 37 pg/mL (the meanþ 2SD of the human serum without rhTNF was

smaller than the mean-2SD of the human serum containing 37 pg/mL of

rhTNF) and less than 12 pg/mL (the mean þ2SD of the human serum

without rhTNF which was smaller than the mean-2SD of the human serum

containing 12 pg/mL of rhTNF) when dilution buffer without SAS and with

9% SAS were used, respectively (Table 1).

Reproducibility

Reproducibility values of TNF-a ELISA for human serum, performed

using dilution buffer with 9% SAS, were measured as described here: The
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Figure 2. Standard curves of TNF alpha, constructed with various samples, using

dilution buffer without (A) or with SAS (B) at 9%. Three-fold serial dilution of TNF

was prepared in various samples and then measured with ELISA using 50mL of

dilution buffer with or without the present of SAS. The final concentration of SAS

in the wells decreased to 3% when 100mL of corresponding sample was added. Further

steps of the ELISA were performed as described in the Experimental section. Except

for native human serum, other samples, including heat-inactivated human serum,

produced very similar standard curves in dilution buffer, either with or without

the presence of 9% SAS. The low OD level standard curve of native human serum

in dilution buffer without SAS was almost equalized to OD’s of other samples by

the addition of SAS into the dilution buffer at a concentration of 9%. Data are the

mean of triplicate wells of a representative experiment.

Table 1. Effect of SAS on the analytical sensitivity of TNF-a ELISA

Dilution buffer Without SAS With 9% SAS

Sample RPMI-10a Human serum RPMI-10 Human serum

Minimum

detection limit

(pg/mL)b

,12 ,37 ,12 ,12

aRPMI-1640 supplemented with 10% FCS.
bThe Standard TNF-a prepared in various samples was diluted serially and the

minimum detection limit was estimated as described in results section.
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“intra-assay” coefficient of variance (CV), determined by assaying the human

serum (containing rhTNF at 1000, 330, and 110 pg/mL) seven times, was

found to be less than 6% (varied between 3.1%–5.8%). The “inter-assay”

CV, determined by assaying human serum (containing rhTNF at 1000, 330,

and 110 pg/mL) by four independent assays, was found to be less than 8%

(varied between 4.6%–7.3%) (Data not depicted).

Recovery Rate

Table 2 summarizes the results of the recovery rates of hTNF-a ELISA for

human serum performed using either dilution buffer without SAS or with

9% SAS. Recovery of TNF in human serum was improved by nearly 300%

at 1000 pg/mL of antigen and even higher at lower concentrations of the

standard that was added to the human serum.

Performance Characteristics of TNF-a ELISA with
Human Serum and Plasma

Seven serum and 5 plasma (3 heparinized and 2 citrated) samples were

assayed concomitantly with dilution buffers containing 9% SAS (final concen-

tration of 3%) or only sample diluent consisting of PBS-1% BSA. A standard

of rhTNF-a was run, simultaneously, for each assay system. Figures 3A and

3B depict the hTNF-a contents of the assayed human serum and human

plasma, respectively. Both standard curves, run either with SAS or without

Table 2. Analytical recovery of TNF-a added to serum samples

Dilution buffer

TNF-a, pg/mL

% Recovery rate

((Y/X) � 100)Added (X) Founda,b (Y)

Without SAS 1,000 305 + 42 30,5

330 23.9 + 11.86 7.25

110 ,1 ,1

With 9% SAS 1,000 887.5 + 57.9 87.75�

330 287.95 + 14.3 87�

110 88.8 + 9.2 80.7�

�Asterix denotes a significant difference (p , 0.05) when compared to its counter-

part in dilution buffer without SAS.
aMeasured using the standard curve constructed with heat-inactivated FCS contain-

ing TNFa between 12–1000 pg/mL.
bMean + SD value of four different serum samples (three replicates per specimen).
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Figure 3. Bar graphs depicting 100mL of serum (A) or plasma (B) samples each

spiked with 500 pg/mL of rhTNF-a. Seven individual serum samples (Figure 3A)

assayed with dilution buffers containing SAS (Figure 3A, empty bars) or without

SAS (Figure 3A, filled bars) clearly show that the recovery rate is much higher and clo-

ser to the spiked concentration when SAS is introduced into the dilution buffer

(p , 0.001). A similar effect of SAS was observed when human plasma, either hepar-

inized (Figure 3B, numbers 1, 2, and 3) or citrated (Figure 3B, numbers 4 and 5), was

assayed with dilution buffer containing SAS (Figure 3A, empty bars) or with only PBS-

1% BSA (Figure 3A, filled bars) (p ¼ 0.012). These results clearly show that SAS is

effective in both serum and plasma for the recovery rates of rhTNF-a. Data are the

means of quadriplicate wells of a representative experiment.

Enzyme Immunoassay 119

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
1
9
 
1
6
 
J
a
n
u
a
r
y
 
2
0
1
1



SAS containing dilution buffers, showed a highly comparable correlation. The

hTNF-a content of the serum and the plasma were plotted and calculated

against the corresponding standard rhTNF-a assays and multiplied by an

inverse-dilution factor to yield the real contents.

In another assay system, performed simultaneously with the one

mentioned above, SAS was also added to the conjugate. However, under

these experimental conditions, performance characteristics of the assay did

not further increase when various concentrations of SAS were additionally

incorporated into biotinylated polyclonal anti human TNF-a mouse IgG

conjugate (data not shown).

DISCUSSION

There are a number of problems associated with the development of an ELISA

suitable for use in accurate measurement of cytokines in biological fluids.

However, many of these same concerns can be raised for the use of

bioassays for detection of molecules in biological fluids.[25] Despite the

increasing popularity of immunoassays, there are many difficulties in

achieving good analytical performance. Consequently, immunoassay results

demonstrate poor interlaboratory comparability. To exclude these difficulties,

several changes should be made; for example, preparation of common

reference standards or means by which the “matrix effects” in immunoassay

systems could be abolished.

An important interfering factor might be the complement proteins in

serum samples. Although heat-inactivated foetal calf serum is regularly

used as an “inert” additive for ELISA components and culture media, recon-

stitution of complement activity occurred on the addition of fractions of

human serum.[26] Spuriously decreased values can be caused by the comp-

lement, which may interfere with antigen in binding to solid phase coated

with antibody.[15,17]

During a study concerning heterophilic antibodies, we observed that SAS

unexpectedly demonstrated an inhibitory effect on endogenous interference of

native human serum; this observation was analyzed in detail and the results are

presented in this report.

We have developed an in-house ELISA system for the measurement of

hTNF-a in human serum, as well as in cell culture supernatants. It has a

high analytical sensitivity limit and is highly comparable with commercially

available ELISA systems in this regard. In addition, sensitivity of the assay

for native human serum was found to increase at least three times when

dilution buffer with 9% SAS was used (Table 1). The established ELISA

system showed intra- or interassay CVs (3.1%–5.8% and 4.6%–7.3%,

respectively), below 10%, which is highly suggestive of high reproducibility

rates, an important feature and, in fact, a must for many immunoassays.
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Although dilution buffer containing SAS higher than 0.4% increased the

background OD level of human serum to some extent, this was not evaluated

as a prominent change (Figure 1A). In addition, this result might provide an

additional advantage because the background OD levels of human serum

with dilution buffer containing SAS at 1.2–11% become very similar to

that of other samples under the same experimental conditions (Figure 1A).

Analytical recovery rates for TNF-a in human serum is clearly improved by

the addition of 9% SAS (finally 3%) to the dilution buffer.

In the case of human serum with dilution buffer without SAS, a standard

curve (r2 ¼ 9977, p , 0.00001) with low OD levels was obtained when

compared to that of other samples. However, a dramatic correction in OD

levels of the standard curve with human serum (r2 ¼ 9964, p , 0.00001)

was obtained when dilution buffer with 9% SAS was used (compare

Figure 2A and Figure 2B).

As expected, assays performed with EDTA-containing dilution buffer

demonstrated the eliminated effects of complement proteins. Therefore, the

results from the EDTA assays, in conjunction with the results drawn from

the SAS assays, both showed that the endogenous interference of native

human serum seemed to be related to the complement proteins.

Assaying individual human serum and plasma for their hTNF-a content

revealed that addition of SAS increased the analytical sensitivity of the estab-

lished ELISA system. Serum showing low or even undetectable hTNF-a

concentrations when assayed with dilution buffer, without SAS, revealed

relatively high concentrations when the assay was performed with SAS incor-

porated into the dilution buffer (Figure 3A). The same system established for

human serum was used for heparinized or citrated human plasma. Plasma

samples assayed with diluent, without SAS, showed relatively high hTNF-a

concentrations in comparison to the serum samples assayed in parallel with

diluent with SAS (Figure 3B). This may account for the fact that interfering

factors present in freshly drawn serum highly inhibits the specific reactions

expected to occur in our ELISA system. These reactions were reconstituted

when SAS was used in the dilution buffer, which is suggestive of a role for

the SAS for the inhibition of interfering serum factors, including complement

proteins. The higher increase rates in citrated plasma, in comparison to hepar-

inized plasma, may be attributed to the fact that heparin is a potentiating

substance for factor H.

SAS has been used for long time as a protein precipitation agent. It has

non-specific precipitative effects on protein groups, depending upon the con-

centration of SAS used. Figure 1A depicts the non-prominent effects of SAS

on various samples without antigen. Except for human serum, no significant

difference between the OD levels of various samples containing 330 pg/mL

of rhTNF-a was observed up to 11% final concentration of SAS. However,

a dramatic concentration dependent increase was observed in the OD levels

of human serum containing the same amount (330 pg/mL) of rhTNF-a.
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More importantly, dilution buffer containing SAS at 1.2–11% final concen-

trations produced OD levels in human serum with TNF at 330 pg/mL that

was nearly equal to that obtained from other samples containing equal

amount of antigen (Figure 1B). This suggests that the interference-abolishing

effect of SAS for human serum is optimal at these concentrations. Standard

curves obtained from human serum without SAS demonstrated a low-grade

OD standard curve, whereas, a dramatic correction of standard curve with

human serum was obtained when dilution buffer was used with final 3%

SAS concentration. In addition, the defined amount of SAS increased the

analytical sensitivity levels (Table 1) and recovery rates of antigen in human

serum (Table 2). Under these experimental conditions, it seems to be

rational and obvious that, for a precise measurement of TNF-a levels in

human serum, defined amounts of SAS should be added into the dilution buffer.

Heating the serum sample abolishes the activity of complement proteins

such as C1q[27] and is recommended for the reduction of interference for

heat-stable analytes.[28] Optical density correction after heat-treatment, i.e.,

the so-called de-complementing of native human serum (Figure 2) showed

that factors capable of causing interference seemed to be responsible for

decreasing the performance characteristics of the ELISA system; they are

converted to non-interfering substances after heating, either because of

inactivation, or by precitipitation.

As a result, addition of SAS, at a defined concentration, to the dilution

buffer eliminated the interference of native human serum, possibly the comp-

lement proteins, and created marked improvements in the ELISA used in this

study. Although not presented here, similar results were also obtained when

this method was applied to human interferon gamma ELISA. This method

seemed to be an efficient alternative remedy to improve sensitivity and

recovery rate of ELISA, at least for that susceptible to the inhibitory effect

of complement proteins in native human serum.
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