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Abstract 
Background: Capillary electrophoresis and Immunodisplacement assays are 
used clinically in the evaluation of monoclonal immunoglobulins, similar to as-
says using gel electrophoresis. In a side-by-side comparison, the performance of 
a predicate technology and a novel instrument was compared to assess the 
suitability of the new equipment for clinical use. Methods: 340 venous blood 
serum samples were analyzed by the two methods at two sites in two different 
countries. The same protocol and reagents were employed at each site. Results: 
The new instrument, V8 UltraCE ID, identified seven additional specimens with 
monoclonal immunoglobulins, yielding 157 positive results by V8 UltraCE ID 
and 150 by V8 Nexus ID. The new equipment had the added advantage of a 
shorter run time. Conclusions: The V8 UltraCE ID has superior analytical 
performance over the existing method and provides greater operational effi-
ciency in analyzing serum samples for the identification of monoclonal gam-
mopathic lesions. 
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1. Introduction 

Immunoglobulins are the dominant component of the humoral immune system. 
Terminally differentiated B lymphocytes, known as plasma cells, produce ten iso-
types of immunoglobulins, namely, IgG, IgA, IgM, IgE, and IgD, each with either 
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kappa or lambda light chains. However, through DNA rearrangement and so-
matic hypermutation, humans can generate more than 1016 different types of im-
munoglobulin molecules to provide diversity of response against the multiple en-
vironmental antigens/challenges, infectious agents, and tumors. This diversity is 
readily apparent in serum protein gel electrophoresis, where charge differences 
among immunoglobulin molecules result in a broad area of staining for immuno-
globulins [1]. 

Neoplastic lesions of plasma cells produce a clonal proliferation of one type of 
cell and secretion of one type of immunoglobulin, termed a monoclonal immu-
noglobulin. In addition to the classical neoplastic lesions of plasma cells resulting 
in monoclonal gammopathy of undetermined significance (MGUS), asympto-
matic/smoldering multiple myeloma (SMM), and the malignant lesion of multiple 
myeloma (MM), multiple other pathologies are associated with monoclonal im-
munoglobulins. The latter include AL amyloidosis, lymphomas, leukemias, and 
autoimmune disorders [2] [3]. 

A key component in the diagnosis of MGUS, SMM, and MM is the demonstra-
tion of monoclonal immunoglobulins in body fluids, usually serum and urine. In 
1% - 3% of the non-secretory MM lesions, no monoclonal immunoglobulins are 
detectable, and diagnosis is dependent primarily on bone marrow examination 
[4]. The monoclonal immunoglobulins are usually intact immunoglobulins with 
variable amounts of free monoclonal light chains. About 15% of the neoplastic 
plasma cell lesions produce light chains only [3]. Free light chains can be measured 
by serum free light chain assays (SFLCA), e.g., The Binding Site Freelite® assay. 
Sebia, Diazyme, Siemens, and other companies offer similar assays [5]. However, 
none of the available SFLCAs are capable of distinguishing between polyclonal 
and monoclonal free light chains [6]. 

As stated above, demonstration of monoclonal immunoglobulins, intact immu-
noglobulin or monoclonal light chains, or both is critical for the diagnosis of mon-
oclonal gammopathic lesions [2] [3]. Clinical laboratories typically accomplish 
this through serum protein gel electrophoresis (SPEP) and serum immunofixation 
electrophoresis (SIFE). An alternative method to gel electrophoresis is Capillary 
Electrophoresis (CE) and Immunosubtraction or Immunodisplacement (ID). 
Though gel and capillary electrophoresis employ similar methodologies, capillary 
electrophoresis allows for a more automated process [2] [7]. 

While serum protein electrophoresis by capillary electrophoresis is more or less 
equivalent to gel electrophoresis, immunofixation gel electrophoresis generally 
has better sensitivity for detecting monoclonal immunoglobulins at lower concen-
trations. The laboratories employing capillary protein electrophoresis and Immu-
nosubtraction or Immunodisplacement for the detection of monoclonal immu-
noglobulin also host gel-based immunofixation electrophoresis for selective in-
stances of low concentration monoclonal immunoglobulins [2]. While capillary 
electrophoresis and Immunosubtraction or Immunodisplacement are more suit-
able for automation, gel-based immunofixation electrophoresis has also been au-
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tomated [8]. 
The more open architecture of gel electrophoresis allows easier modification of 

the process for enhancing the detection of unusual patterns and for improving 
sensitivity [9]-[12]. A notable example of the latter is the use of undiluted serum 
in immunofixation for enhanced sensitivity detection of free monoclonal light 
chains, namely, FLC Modified SIFE. This method has the sensitivity of mass spec-
trometry without the need for special equipment or technical expertise. QUIET 
and FLC Modified SIFE not only allow detection but quantification of monoclonal 
free light chains, for which there is no other practical method that is easier than 
mass spectrometry [13]-[16]. 

In this study, we evaluated Immunodisplacement on a new CE instrument, the 
V8 UltraCE, against the existing FDA-cleared V8 Nexus Immunodisplacement 
assay for identification of monoclonal immunoglobulins. 

2. Methods 

Residual serum samples from venous blood collected for clinical testing were em-
ployed at two sites for comparison testing of the two instruments. The samples 
were convenience-based. Most of the specimens were post-treatment; however, 
the deidentification of the specimens precluded exact numbers and the status of 
the specimens. The manufacturer did not have any role in the selection of speci-
mens; however, two of the authors are employees of the sponsor and were involved 
in testing, data analysis, and reviewing the manuscript. The clinical status of the 
samples was known, and most samples contained monoclonal immunoglobulins. 
Each of the testing sites followed its institutional ethical protocols in compliance 
with the Helsinki principles; this included deidentification of samples for patient 
security. The equipment and test kits were provided by Helena Laboratories (Beau-
mont, TX, USA) and Helena Biosciences Europe (Gateshead, UK) [7]. 

The two sites used identical operating procedures and the same lot of test kits 
for analyzing the specimens. Each site employed its own personnel and operated 
within its routine work environment. The two instruments were sited near each 
other to ensure uniformity of ambient temperature and other operating conditions. 
The specimens were run in the V8 Nexus instrument, and at the completion of the 
run, the same tubes were loaded onto the V8 UltraCE. The specimens were run on 
multiple days; however, each specimen tube was processed on the same day on the 
two instruments. Results from the two instruments were interpreted by the same 
person. The reading could not be blinded to the type of instrument due to differ-
ences in the output formats. Reading of the results was geared towards the identi-
fication of monoclonal immunoglobulins and their isotypes. More than one im-
munoglobulin of restricted mobility was noted in some patients. This could have 
been from the natural occurrence of a biclonal pattern in about 1% - 3% of mono-
clonal gammopathic disorders. More commonly, multiple bands were noted post-
treatment, especially treatment with autologous stem cell transplantation. Immu-
noglobulin bands of restricted mobility resulting from the treatment of patients 
with therapeutic monoclonal immunoglobulins were not segregated. No attempt 
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was made to identify the therapeutic immunoglobulin preparation; only the pres-
ence of restricted heterogeneity immunoglobulin was noted. Test results from each 
site were submitted to a central location for analysis. 

Samples were excluded from analysis based on the following exclusion criteria: 
insufficient sample volume, capillary migration failures, nonspecific binding or in-
terference, high background signal, weak trace signal, instrument malfunction, ID 
trace quality, equivocal or uninterpretable ID traces, and insufficient time/specimen 
for repeat testing.  

Results from the two instruments at each site were tabulated and compared. 
The same was done for the pooled results from two sites. The comparison of the 
recorded results was geared towards noting concordance, or lack thereof, of re-
sults. A 2 × 2 chi-square test did not reveal a statistically significant difference in 
the performance of two instruments. 

3. Results 

The demographic data and the number of specimens excluded at each of the sites 
are given in Table 1. After exclusions, 340 specimens were analyzed between the 
two sites. Due to constraints in the logistics of this non-inferiority validation, some 
items were not available for reporting in this section. As noted earlier, deidentifica-
tion of specimens precluded comparison with results of a gel electrophoresis test-
ing method.  

Site 2 had 13 samples with no demographics. For Site 2, statistics for sex and 
age were calculated for 197 of the 210 specimens. 
 
Table 1. Demographic data and the number of specimens excluded at each of the sites. 

 Site 1 Site 2 

Number 128 212 

Male 67 77 

Female 61 122 

No Demographics 0 13 

Age Range-Years (Mean) 34 - 90 (69.3) 5 - 99 (66.0) 

Min Age-Years 34 5 

Max Age-Years 90 99 

Mean Age-Years 69.3 66 

Exclusions 17 1 

 
Table 2 shows the results of the pooled data from two sites. Three hundred forty 

samples were analyzed in total. The V8 Nexus identified 150 samples containing 
at least one monoclonal band versus 157 identified by the V8 UltraCE Immuno-
displacement assay.  
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Table 2. Results of the pooled data from two sites. 

Sites 1 and 2, Pooled Data 

Immunotypes V8 Nexus ID V8 UltraCE ID 

No Monoclonal 190 183 

IgG Kappa 67 68 

IgG Lambda 33 35 

IgA Kappa 14 14 

IgA Lambda 2 3 

IgM Kappa 5 7 

IgM Lambda 1 1 

Free Kappa 1 1 

Free Lambda 3 3 

2X IgG Kappa 6 6 

2X IgA Kappa 2 2 

2X IgA Lambda 1 1 

2X IgM Kappa 1 1 

2X Free Kappa 0 1 

2X Free Lambda 1 1 

IgG Kappa/IgG Lambda 3 3 

IgG Kappa/IgA Kappa 1 1 

IgG Kappa/IgM Lambda 1 0 

IgG Lambda/Free Lambda 1 1 

IgA Lambda/Free Lambda 1 1 

IgM Kappa/IgM Lambda 1 1 

IgM Kappa/Free Kappa 1 1 

3X IgG Kappa 1 1 

3X IgA Lambda 1 1 

IgG Kappa/2X IgG Lambda 1 1 

IgG Kappa/IgM Lambda/IgM Kappa 0 1 

3X IgG Lambda/Free Lambda 1 1 

Total Number of Specimens 340 340 

Monoclonal Positive Samples 150 157 

Explanatory Notes: 2X or 3X represents multiple bands of a given type. One IgM clone was 
missed by V8 UltraCE, which was detected by the older method of V8 Nexus, indicated by 
orange shading in Table 2. However, overall, more clones of IgM were detected by V8 Ul-
traCE than by V8 Nexus. Ten clones of different types were missed by V8 Nexus but were 
detected by V8 UltraCE, shown by yellow shading in Table 2. 
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4. Discussion 

An earlier study compared the performance of Helena V8 UltraCE and Sebia Ca-
pillarys and demonstrated higher resolution with the Helena instrument [7]. The 
higher resolution was likely the result of a shorter, narrower capillary, allowing 
higher voltage and active cooling of the capillary during the separation run. The 
shorter capillary length also allowed for a shorter run time. These characteristics 
also apply to the comparison of Helena V8 UltraCE and V8 Nexus, in general, and 
a shorter run time in particular. Active cooling of the capillary during high voltage 
run likely contributed to better performance of Helena V8 UltraCE, especially de-
tection of monoclonal bands at a lower concentration. Protein monitoring at mul-
tiple wavelengths in Helena V8 UltraCE also allows distinction of proteins from 
other UV-absorbing materials like radiocontrast media and antibiotics. 

The V8 UltraCE Immunodisplacement assay positively identified restricted 
heterogeneity bands in 157 specimens versus 150 specimens with restricted heter-
ogeneity bands identified by the V8 Nexus Immunodisplacement assay, demon-
strating the increased detection capabilities of the V8 UltraCE Immunodisplace-
ment assay. Two possible reasons for the discordance in the samples above are 
comigration of monoclonals interfering with immunotyping and the enhanced 
resolving capabilities of the V8 UltraCE Immunodisplacement assay compared to 
the V8 Nexus Immunodisplacement assay. 

It warrants emphasis that serum free light chain assay is not a replacement for 
serum immunofixation electrophoresis/Immunodisplacement/Immunosubtrac-
tion assays, nor for urine immunofixation electrophoresis. None of the tests for 
serum free light chains can distinguish between polyclonal and monoclonal free 
light chains [17]. It warrants mention that while it could be done, capillary elec-
trophoresis and Immunosubtraction or Immunodisplacement are not commonly 
used for examination of urine. As discussed earlier, gel electrophoresis allows eas-
ier modification of standard procedures, and such a modification of the urine im-
munofixation electrophoresis method improved the detection rate of monoclonal 
free light chain in urine by 18.2% [18]. 

Multiple bands observed in some of the specimens are likely attributable to the 
oligoclonal pattern seen in patients following autologous stem cell transplanta-
tion. A similar oligoclonal pattern may also arise following chemotherapy [19]. 

The V8 UltraCE Immunodisplacement assay not only demonstrates substantial 
equivalence to the V8 Nexus Immunodisplacement assay in the detection of mon-
oclonal proteins in serum but also provides a more powerful detection method 
than the older instrument. Higher sensitivity assays for the detection of monoclo-
nal immunoglobulins in serum and urine are important in avoiding bone marrow 
examination while trying to detect minimal residual disease in multiple myeloma 
patients [20]-[24]. 

Limitations of this study include a lack of clinical details, e.g., whether the spec-
imens were pretreatment or post-treatment, and what treatment was applied. The 
latter has implications for reading the results if therapeutic monoclonal antibodies 
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were used in treatment. The statistical analysis was limited to the chi-square test, 
which did not reveal a significant difference in the performance of the two meth-
ods. The intent of the study was a comparative non-inferiority analysis to validate 
the performance of the V8 Ultra CE versus the predicate FDA 510(K)-cleared V8 
Nexus platform. An additional weakness of the study is the lack of orthogonal anal-
ysis for specimens in which the results of the two methods were at variance. 

5. Conclusion 

The V8 UltraCE method has better sensitivity, though the difference from the older 
method using V8 Nexus was not statistically significant. The shorter run time with 
V8 UltraCE methods provides a logistical advantage. 
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