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DEVELOPMENT, VALIDATION AND CALIBRATION OF THE 14-3-3η ASSAY 

The 14-3-3η ELISA assay has undergone substantial preclinical validation, exhibiting 

strong analytical performance as determined by high sensitivity, assay precision of 9%, 

no significant cross-reactivity with other isoforms, no impact of dilution on quantitation, 

no impact of potential interfering substances such as RF and various therapeutics used 

in RA (including infliximab), and no sample drift over time. 

The assay has also been validated according to several of the criteria proposed by the 

OMERACT Soluble Biomarker Working Group (1). It performed similarly in paired serum 

and plasma samples, demonstrated stability over 72 hours at room temperature and 

4oC, and was independent of age and sex. 

 Lastly, the Augurex 14-3-3ƞ ELISA in-vitro diagnostic medical test and the 

laboratory-developed test available through Quest Diagnostics were highly correlated (r 

=0.94). 

ASSAY DEVELOPMENT 

Validation of 14-3-3η protein standard. Human 14-3-3η was expressed as an untagged 

recombinant protein in E. coli and purified employing affinity and size-exclusion 

chromatography. The identity of 14-3-3η was confirmed through cDNA sequencing, 

amino acid analysis and an in-gel digest coupled with mass spectrometry. The 14-3-3η 

standard included in the assay is provided as a lyophilized standard that is reconstituted 

in an assay dilution buffer to a working concentration of 1000 pg/ml. 

 The human 14-3-3η (NP_003396) is 246 amino acids in length with an apparent 

molecular weight of 28.2 kDa, an isoelectric point (pI) of 4.84 and an estimated charge 

of -12.9 at physiologic pH.  
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Amino acid analysis (Table 1) confirmed the identity of the protein as the 14-3-3η 

protein, with further corroboration both by cDNA and mass spectrometry analyses (data 

not shown). 

Production of anti-14-3-3η monoclonal antibodies. Monoclonal antibodies were raised to 

either two distinct synthetic peptides, each of which resides within a conserved region of 

the 14-3-3η protein and to the full length untagged recombinant E. coli-expressed 14-3-

3η protein. Antibodies were initially screened to establish specificity for 14-3-3η using 

the seven 14-3-3 family members through immunoblot analysis. Antibodies deemed to 

be 14-3-3η monospecific were then tested for their ability to selectively 

immunoprecipitate both the recombinant and endogenous forms of 14-3-3η. Cell lysates 

were prepared as previously described (2). 

 A library of 100 antibody clones was developed and through lead selection 

activities, 18 of the 100 clones were prioritized for assay development. Of these 18 

antibodies, five were prioritized to enter assay development. The binding curves shown 

in Figure 1 demonstrate that the two lead antibodies selected for the 14-3-3η ELISA 

(enzyme-linked immunosorbent assay) are fully saturated within minutes of exposure to 

the recombinant 14-3-3η antigen, with the capture antibody (3-7F8) being fully saturated 

within approximately two minutes. 

Monoclonal antibody pairing studies. Prioritized antibodies were evaluated by using 

biotin labeled antigen (to test for solid phase performance), followed by assessment of 

detection antibody performance using unlabeled antigen and biotin labeled monoclonal 

antibodies. 



2013-1446.R3 Supplementary Data 

 

3 
 

 Tables 2 and 3 show the respective pairing data for the two lead clones used as 

either the ‘capture’ or ‘conjugate’ antibody. Based on the signal-to-noise ratios, the most 

favorable pairing was with 3-7F8 used as the capture antibody and 4-8F10 as the 

conjugate. 

Assay method development. The performance of this sequential assay format was 

evaluated to determine the optimal sample incubation time, temperature and the impact 

of assay motion variations. To determine the optimal conjugate antibody and assay 

dilution buffers, the effects of various pH and salt concentrations were measured to 

identify the appropriate buffer composition that yielded the greatest signal-to-noise ratio. 

The effects of different chelators, preservatives and detergents were examined. 

 Plate Coating Conditions. The optimal working concentration of the capture 

antibody (3-7F8) of 4 µg/ml was established through titration of the capture antibody 

from concentrations ranging from 0.1 to 10 µg/ml. Based on these findings, the coating 

antibody was diluted to a working concentration with use of a phosphate-containing 

buffer. 

 Plate Blocking Conditions. Following antibody coating, the plates were blocked 

overnight using a phosphate containing buffer with salt, detergent and protein. After 

blocking, the plates were dried and placed into a sealed pouch with a standard 

desiccant. 

 Conjugate Antibody Formulation. The 14-3-3η monoclonal antibody, 4-8F10, was 

used as the conjugate. Various chelators and preservatives were evaluated as part of 

the final buffer formulation. The conjugated form of the 4-8F10 antibody was diluted to a 
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working concentration using a Tris Buffer with stabilizer, salt, detergent, protein and 

non-azide preservatives. 

 Assay Buffer Formulation. The assay buffer incorporated into the 14-3-3η assay 

was a Tris-based buffer containing salt, protein and non-azide preservatives. 

 Wash Buffer. The incorporated wash buffer was a 20X stock concentrate diluted 

with dH20 to a 1X working solution. The wash buffer was a phosphate-based buffer 

containing sodium chloride and non-azide preservatives. 

 Assay Time Determination. To identify the optimal sample incubation time, 

samples were incubated on a plate shaker at 500 rpm for incubation periods ranging 

from 30 to 240 minutes with shaking. Incubation for 120 minutes was found to be 

optimal (data not shown). 

 Assay Temperature. To determine the optimal assay performance temperature, 

samples were incubated on the plate at room temperature, 4oC, 27oC and 37oC. The 

results showed no significant performance difference; however incubation at 27oC was 

selected. 

 Serum Tolerance. Serum tolerance testing was performed over 8 dilutions (1:2 – 

1:100 serum dilution) to determine the optimal dilution which provided the most reliable 

14-3-3η concentration. The dilution which provided the most reliable quantitation of 14-

3-3η was 1:20. 

ASSAY VALIDATION 

Precision. Both the intra- and inter-assay precision were examined across the linear 

range of the assay with three serum samples consisting of low (130 pg/ml), medium 

(326 pg/ml) and high (740 pg/ml) serum 14-3-3η levels. Samples were run in duplicate 
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using one reagent lot on a single microtiter plate reader. For intra-assay precision, the 

samples were tested in replicates of 20. For inter-assay precision, samples were run in 

duplicate 20 times over three days by three different operators. 

 Intra-assay and inter-assay precision results were beneath 10% (Table 4), which 

is within the acceptable variance range as proposed in the draft validation criterion by 

the OMERACT soluble biomarker sub-committee (1). 

Cross reactivity. To assess the impact of the 14-3-3 isoforms on the quantification of 14-

3-3η, the six different 14-3-3 family members (α/β, ε, γ, σ, θ/τ, and δ/ζ) were added to a 

sample at 100 times the concentration (100,000 pg/ml) of the highest 14-3-3η standard 

(1000 pg/ml). The 14-3-3η assay displayed no significant cross-reactivity when 14-3-3η 

was tested in the presence of the other 14-3-3 isoforms (Table 5). 

Interference testing. The impact of endogenous and exogenous analytes commonly 

present in the serum of RA patients on the quantification of 14-3-3η was evaluated 

using a 14-3-3η positive serum sample from a patient with RA. 

Using an acceptance criterion of values within 15%, the results indicated that the tested 

common serum analytes do not significantly impact the quantification of 14-3-3η (Table 

6). 

Linearity, recovery and non-interference of 14-3-3ƞ quantitation by rheumatoid factor. 

The potential effects of rheumatoid factor (RF) interference on the 14-3-3ƞ ELISA in-

vitro diagnosic test were evaluated in three separate experiments. For each of the three 

experiments, three to four serial dilutions were performed 1:1, ensuring that the first 

sample dilution read within the linear range of the14-3-3ƞ ELISA assay. 
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 Experiment 1: Linearity of Dilution in Samples with High Rheumatoid Factor 

Titres. Nine samples from patients with RA with high 14-3-3ƞ protein and high RF 

concentrations were evaluated across serial dilutions. Quantitation of 14-3-3ƞ protein 

was highly reproducible in the presence of high RF levels (Table 7), with a mean 14-3-

3ƞ concentration variability across serial dilutions of 7.2%. This data demonstrates that 

the quantification of 14-3-3η is not impacted by the presence of rheumatoid factor titres. 

 Experiment 2: Serum samples from 4 patients with RA with known 14-3-3ƞ and 

RF concentrations were evaluated. Each sample was mixed 1:1 with a negative control 

to examine 14-3-3ƞ percent recovery between the expected and measured 14-3-3ƞ 

concentrations. Mixing of the high RF and 14-3-3ƞ positive samples with the negative 

control serum revealed that the mean recovery was 96% (percent recovery ranged from 

88% to 105%; Table 8), which was well within the OMERACT acceptable range of 10%. 

This data corroborates the findings from Experiment #1 which demonstrates that the 

presence of RF does not impact 14-3-3η's quantitation.  

Experiment 3: Five 14-3-3ƞ negative RA patient serum samples with high RF 

levels were serially diluted to determine whether any of the negative samples became 

positive for 14-3-3ƞ. All of the high-RF, 14-3-3ƞ-negative samples remained 14-3-3ƞ 

negative through all serial dilutions, indicating that the high RF levels present in these 

negative samples did not confound the 14-3-3ƞ assessment (Table 9). 

High-dose hook effect. The hook effect was evaluated by titering varying amounts of the 

14-3-3η standard ranging from 7.81 - 1,000,000 pg/ml. 

 The results presented in Figure 2 demonstrate that the standards used to 

generate the standard curve to quantify the serum levels of 14-3-3η. Concentrations of 
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 14-3-3η found in patient serum are found within the linear range of the 14-3-3η 

assay making the quantification of 14-3-3η in patient samples reliable.  

 A high-dose hook effect was observed at 10,000 or 104 pg/ml of 14-3-3η which is 

10 times greater than the highest standard used in the 14-3-3η assay. 

Sample drift. Thirty-five dilutions of a single sample were prepared, each of which was 

pipetted in duplicate across a single plate in order to evaluate the impact of time-

associated sample drift. 

 There was minimal sample drift over time as more than two-thirds of the values 

were within 10% of the original 14-3-3η concentration (Figure 3). 

Biomarker stability. The short-term stability of 14-3-3η was examined in serum over 72 

hours at room temperature and at 4oC in seven samples with known 14-3-3η values. 

The results demonstrated that 14-3-3η was highly stable with median CV% at room 

temperature and at 4oC of 103% (R=91-106%) and 104% (R=95-108%), respectively. 

Biomarker stability was also examined by assessing three samples over three freeze-

thaw cycles and by sequentially assessing six samples for up to two years of storage at 

-80C. Serum 14-3-3η was stable over three freeze-thaw cycles with the median 

recovery being 109% (range of 92% to 129%; Table 10). Long-term storage studies 

determined that samples negative for 14-3-3η remained negative while those with levels 

above the upper limit of quantification of >20 ng/ml had effectively equivalent levels 

(Figure 4). Stability of 14-3-3η was further confirmed using samples within the linear 

range of the assay with the median CV% found to be 104% of the original values (range 

of 89% to 128%). 
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Effect of age and sex. One hundred healthy controls, consisting of 50 males (median 

age 54, range 19-78 years) and 50 females (median age 55, range 18-79 years), had 

their serum 14-3-3η concentration assessed to establish whether it was impacted by 

either sex or age. Pearson product-moment correlations were used to evaluate the 

relationship of age and 14-3-3η concentration and a two-tailed Mann-Whitney U test 

was conducted to assess whether there was a significant difference in 14-3-3η 

concentration between sexes. 

 No significant correlation between age and 14-3-3η concentration was found (r = 

-0.008; p = 0.94). Median 14-3-3η serum concentrations in healthy males (0.0; range 0-

9.7 ng/ml) and females (0.0; range 0-20 ng/ml) did not differ significantly (p = 0.15). 

Equivalence testing of the commercial 14-3-3ƞ serum assay (quest diagnostics) with the 

augurex 14-3-3η assay. Serum 14-3-3ƞ concentrations were assessed in a blinded 

manner in 40 clinical samples with both the commercial laboratory test developed by 

Quest Diagnostics and with the 14-3-3ƞ ELISA in-vitro diagnostic medical device test 

(Augurex assay). The number of clinical samples that were negative and positive for 14-

3-3ƞ protein by both assays was determined. In addition, a Spearman correlation was 

run to determine the level of agreement between the measurement of 14-3-3ƞ 

concentration between these two assays. 

 Agreement was found in 37 out of the 40 samples evaluated (Table 11); 25 

samples measured on the Quest Diagnostics test and 26 samples measured on the 

Augurex test were 14-3-3ƞ negative, while 15 and 14 were 14-3-3ƞ positive, 

respectively. A Spearman correlation revealed a high level of agreement between the 

14-3-3ƞ titre results reported by both assays, r=0.94, p<0.00001. These results showed 
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that the 14-3-3ƞ concentrations reported by the Augurex 14-3-3ƞ ELISA in-vitro 

diagnostic medical test were substantially equivalent to those reported by the 

laboratory-developed test available through Quest Diagnostics. 
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FIGURE LEGEND 

Figure 1. Binding curves for 14-3-3η capture of conjugate antibodies. 

Figure 2. High dose hook effect at 104 pg/ml of 14-3-3η. 

Figure 3. Impact of sample drift on 14-3-3η quantification. 

Figure 4. Stability of 14-3-3η in long-term storage at -80oC. 
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