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Abstract
Accurate determination of the immunoglobulin (Ig) M parapro-

tein concentration is crucial to evaluating response in patients with
Waldenström macroglobulinemia (WM). In most clinical laborato-
ries, M-spike quantitation is performed by serum protein electropho-
resis, which is the same method used to quantitate IgG and IgA
paraproteins in patients with multiple myeloma (MM). However,
the migration pattern and propensity of IgM paraproteins to form
higher-order complexes in serum makes laboratory evaluation of
samples from patients with WM especially challenging. We review
examples of patients whose IgM paraprotein is particularly ill-suited
to M-spike quantitation by serum protein electrophoresis: a case of
“sticky M,” a case of IgM multimers that cannot be resolved, and a
case of an IgM in the � region. In these and similar cases, a method
ther than M-spike quantitation, such as IgM heavy chain nephe-
ometry, should be considered in laboratory evaluation of parapro-
ein concentration.

Introduction
Paraprotein-based methods for evaluating tumor burden in Wal-

denström macroglobulinemia (WM) are an important part of assess-
ing response and progression over time.1 For a population of isoge-

etic tumor cells, changes in the paraprotein level reflect changes in
he total number of tumor cells throughout the body and thus are
xcellent markers of disease burden. Quantitation of specific serum
araproteins is routine in a clinical laboratory, yet no single method
f paraprotein measurement has been endorsed for assessment of
isease progression and response in WM or multiple myeloma
MM).1,2 This is in part because, unlike other protein biomarkers of
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isease, each patient’s paraprotein is different and may exhibit clone-
pecific behaviors.

Current standard laboratory methods for the quantitation of
gM� and IgM� paraproteins include electrophoresis and nephelo-
etric or tubidimetric assays. In the nephelometric assay for IgM,

ntibodies against IgM are added to a patient’s sample, and the re-
ulting light scatter from the protein-protein complexes is propor-
ional to the concentration of IgM. The obvious advantage of neph-
lometric assays is that they can be easily automated. Disadvantages
nclude the inability to distinguish between background IgM and
isease-associated IgM, as well as variable reactivity with different
araprotein clones. In addition, these assays are vulnerable to over-
stimation of the paraprotein, particularly in the case of IgM para-
roteins,3 a phenomenon that we have also seen in our laboratory
Figure 1). Errors in these measurements are greater in patients with

Figure 1 Measurements of Immunoglobulin M Kappa (IgM�)
Paraprotein Concentration in a Single Patient Over a
Period of Years. M-spike (black circles) and IgM
(gray triangles) are in mg/dL. The Ratio of the
Involved to Uninvolved Light Chain (�/� ratio) Is
Plotted on the Right Axis (open gray circles)
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ery low or very high serum IgM levels.4 The serum free light assay is
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a turbidimetric assay for serum free light chains that has proved
especially valuable in hyposecretory MM.5,6 However, the value
added by serial serum free light assay measurements for patients with
intact immunoglobulins on serum electrophoresis (SPEP) remains
controversial.7,8 A new assay, HeavyLite (The Binding Site, San Di-
ego, CA) is under investigation in patients with WM.9

In SPEP, serum proteins are separated according to their size
and net charge. Most immunoglobulins are in the gamma region.
An electropherogram is generated by optical scanning (Figure 2A,
right) and the area under the curve represents 100% of total
serum protein. The quantitation is made when a pathologist or
trained technologist manually delineates the boundary of the M-
spike. The heavy and light chain class is determined by an immu-
nofixation gel that is included as part of a diagnostic workup
(Figure 2A, left). SPEP is more labor intensive than nephelomet-
ic methods but has the advantage of separating paraprotein from
ackground IgM.
Fortunately, many clinicians who treat patients with WM are gen-

erally aware of the limitations of IgM nephelometry and of SPEP and
immunofixation studies. This awareness, as well as the observation
that different WM paraproteins behave differently in vivo, has led to
general agreement that the absolute value of the M-spike is less im-
portant than the direction and magnitude of the change in response
to treatment.1 Remarkably, despite their limitations, the values from
heavy chain nephelometry and SPEP tend to rise and fall in tandem
over time. A typical pattern is shown in Figure 1, in which the serum

Figure 2 Four Examples of Immunoglobulin (Ig) M Paraprotein
Immunofixation Gels (right). (A) IgM� in the � Region
Cathode (�) Are Shown. (B) “Sticky M” IgM� Sampl
Shape on Electropherogram. (C) IgM� Paraprotein Ru
Complexes. (D) A Case of 2 Paraproteins in a Single
the � Region, Whereas IgG� Paraprotein Has a Straig
Gammopathy or of Class Switching
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free light assay results are also depicted. t
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Patients and Methods
To address potential limitations of IgM M-spike determination,

we show specific cases in which quantitation of the IgM M-spike is
problematic when using SPEP. In our experience, IgM paraproteins
are more likely to exhibit problematic behaviors than IgG parapro-
teins. Therefore, awareness of the limitations of M-spike quantita-
tion is of particular importance to clinicians who treat of patients
with WM. Our clinical laboratory uses the SPIFE 3000 system (Hel-
ena Laboratories, Beaumont, TX), and the examples here are per-
formed in accordance with the manufacturer’s recommendations in
the Clinical Laboratories Improvement Amendments (CLIA)-certi-
fied clinical laboratories of the Brigham and Women’s Hospital (Bos-
ton, MA).

Results and Discussion
The Sticky M

The tendency of IgM paraproteins to form aggregates is a problem
both in vivo and in the laboratory. Protein aggregates that are insol-
uble do not enter the resolving gel. Rather, they precipitate in the
loading site (Figure 2B). Such precipitation has been reported in a
case of an IgM paraprotein that produced a type I cryoglobulinemia
in a patient with WM,10 but we frequently see it in IgM samples not
ssociated with cryoglobulinemia. In addition to complicating quan-
itation, precipitation in the immunofixation gel can complicate de-
ermination of the class of a paraprotein (Figure 2B). Not surpris-
ngly, this behavior appears to be dependent on both the identity of

tropherograms With Corresponding Protein Stain (left) and
h a Straightforward Quantitation. Position of Anode (�) and
wing Precipitation in Application Site and Atypical Peak
as 3 Peaks, Most Likely Corresponding to Higher Order

le, in Which IgM� Paraprotein Is Masked by Background in
ward Quantitation. This May Be a Case of Biclonal
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ple variation even in the same patient. Sometimes a reducing agent,
such as �-mercaptoethanol, can be added to the sample to help break

p the aggregates and coax the protein into the gel, as has been
eported in capillary electrophoresis systems.11 However, routine ad-

dition of reducing agent is not practical in most clinical laboratories.

IgM Multimers
IgM paraproteins can form pentamers or other higher order com-

plexes that are soluble but create multiple overlapping peaks (Figure
2C). It is reasonable to quantitate each spike individually and to
report 3 values, but it is also reasonable to quantitate the triplet as a
single, unresolvable peak. Indeed, it would also be reasonable to
quantitate only the peak that can be easily distinguished from back-
ground. Each of these approaches gives a different value. The addi-
tion of �-mercaptoethanol to the sample can consolidate the peaks
into a single peak, presumably by reducing the protein to a mono-
meric state. Unfortunately, although the M-spike concentration may
be more accurate in a reduced sample, flagging all future samples
from the same patient for reductant addition is not practical in most
clinical laboratories.

The � M-Spike
Most intact immunoglobulins run in the � region, a region with

very little background from other serum proteins (Figure 2A). IgA
and IgM paraproteins are more likely than IgG to run in the � region
f the gel, which contains normal serum proteins that complicate
uantitation. An example of an IgM paraprotein obscured by back-
round is shown in Figure 2D. For internal comparison, the IgG
araprotein in this sample is much easier to quantitate. If only the
gG M-spike is reported, then the tumor burden may appear to
ncrease over time, when it is more likely a case of class switching or
biclonal gammopathy. Conversely, there is no reliable way to quan-

itate the M-spike in the � region.

Conclusion
Although the M-spike by SPEP provides a reliable quantitation for
most paraproteins, it is vulnerable to clone-specific behaviors that
affect protein stability and aggregation. IgM paraproteins are more
likely to demonstrate variation due to these problematic behaviors.
Clinical laboratories, therefore, should strive for consistency in inter-
preting difficult cases so that serial measurements have meaning.
Moreover, in cases of WM, a method other than M-spike quantita-
tion should also be considered in laboratory evaluation of parapro-
tein concentration.
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