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Abstract

Waldenstrom macroglobulinemia (WM) is a rare mature B-cell malignancy characterized by an infiltration of
lymphoplasmacytic lymphoma in the hematopoietic bone marrow associated with the occurrence of a monoclonal immunoglobulin
M (Ig M) in blood serum. Screening and measurement of monoclonal proteins in WM are commonly performed by Capillary Serum
Protein Electrophoresis (CSPE). The presence of an IgM paraprotein in the beta-1 fraction is unusual and can be challenging for
monitoring patients since it can be obscured by the transferrin, protein regularly present in this fraction. Here we report a case of
WM with an unusual migration of the Ig M monoclonal protein to the beta-1 region on CSPE and we discuss the difficulties his
implies for the quantification of monoclonal protein by electrophoresis when measurements are contaminated by normal serum
proteins in this region.
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1. Introduction

Capillary zone electrophoresis (CZE) is an analytical tool for
separating serum proteins on the basis of molecular size,
electric charge, and hydrophobicity [1]. This technique
requires the use of a high concentration of a basic buffer to
negatively charge the proteins and reduce the interactions
between the capillary walls and the proteins [2], proteins are
detected directly using UV absorption [3]. Serum proteins are
separated by CZE into six major fractions: albumin, alpha-1,
alpha-2, beta-1, beta-2 and gammaglobulins, changes in the
shape or amplitude of these fractions can point the clinician
to a wide range of pathologies

[2]. Much of the clinical interest of CZE is the detection of
monoclonal components (M-protein) which are usually
referred to as an additional peak. The gamma region is the
area where the majority of monoclonals migrate and
immunoglobulins are usually the only proteins present [4].
Nevertheless, the migration of a monoclonal component in
the alpha-2, beta-1, or beta-2 fraction is challenging because
it can be masked by other proteins physiologically present in
this fraction. The presence of monoclonal proteins in the beta
fraction is often of the Ig A [5] or free light chain type. When
a monoclonal component is co-migrating in the beta region,
it’s referred to as an additional peek, a single, a totally
integrated beta peak, the concentration of the beta fraction is
variable depending on its concentration [6]. It’s important to
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check any sample with a localized peak or asymmetric
distribution on SPE with immunofixation or any other
technique confirming and characterizing the heavy and light
chains [7]. The measurement of monoclonal protein of the
immunoglobulin M paraprotein concentration is important
prognostically in patients with Waldenstrom
macroglobulinemia (WM) [8], but quantification of M-
proteins in beta fraction is not often easy because of
intersecting non-immunoglobulin protein fractions. Here, we
presents a case of atypical migration of monoclonal Ig M in
a patient with WM where the M spike has been seen in beta
1 fraction and the difficulties his implies for the
quantification of monoclonal protein by electrophoresis when
measurement are contaminated by normal serum proteins in
this region.

2. Case study

A 67-year-old caucasian man was referred in an
hospital center of onco-hematology for fatigue, anemia and
perianal lesion. Physical examination showed conjunctival
icterus and generalized lymphadenopathy. Computerized
Tomography imaging showed splenomegaly in the patient. In
the laboratory examinations performed, the complete blood
count test showed a normochromic anaemia with
leucopaenia (red  blood cell count__ (2.54 x 10%?/L),
hemoglobin (74 g/L), MCV (88.6 fl), MCH (29.1 pg) and
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MCHC (32.9 g/dl), white blood cell count was 0.02 x 10%/L
and platelet count was 100 x 10%uL. Biochemical
investigations revealed normal serum calcium concentration
at 2.2 mmol/l (normal reference value NV, 2.2-2.6 mmol/l) ,
serum creatinine at 43 pmol/l (NV, 69-115 umol/l), serum
total protein was 56.3 g/l and very low level of transferrin at
0.77 g/ (NV, 2—4 g/l). He has normal AST, ALT and LDH
levels, total bilirubin was 34.20 pumol/l (NV<17 umol /). The
level of ferritin was 1874 ng/ml (NV, 18 - 270 ng/ml) and C-
reactive protein was 32.58 mg/l (NV<6 mg/l). The bone
marrow biopsy showed approximately 47% involvement with
lymphoplasmacytic lymphoma cells with expression of
CD79a (> 15% of plasma cells), CD20 (> 15% of plasma
cells) and CD138 a (> 15% of plasma cells) on
immunohistochemistry. The karyotypes of the bone marrow
were not available. Capillary serum__ electrophoresis (
Figurel) exhibited a monoclonal peak in the 1 fraction of
18.2 g/l with reversal of albumin-to-globulin ratio and
hypogammaglobulinemia at 3.8 g/I, immunofixation showed
an IgM kappa monoclonal protein. Urinary free light chains
Kappa (Bence Jones proteins) were detected by
immunofixation. The presence of lymphoplasmacytic
lymphoma (LPL) in the bone marrow and an IgM monoclonal
protein with elevated concentration of kappa light chains in
the peripheral blood confirmed a diagnosis of WM.
Therefore, the patient was referred for further management
and treatment. During the hospital stay patient developed
neurologic symptoms with peripheral neuropathy and he died
few days later.

3. Results and Discussions

Waldenstrom macroglobulinemia (WM) is a rare B-
cell malignancy. The World Health Organization defines
WM as infiltration of lymphoplasmacytic lymphoma in the
bone marrow with a monoclonal immunoglobulin M (IgM)
protein [9,10]. Ig M is structurally distinct from the other
immunoglobulin subtypes, it’s usually pentameric form with
five Ilg M monomers, each monomer comprised of
two u heavy chains and two « or 4 light chains, are covalently
linked by a polypeptide of 137 amino acids or joining chain
(J-chain) [11], the absence of the junction chain generally
leads to the aggregation of IgM into hexamers [8]. In humans,
the increase in the hexameric form of IgM is present in certain
pathologies such as WM [12-14]. On capillary serum protein
electrophoresis, the most common area for monoclonal
protein migration is the gamma fraction. Monoclonal
immunoglobulin is normally visible as a peak (M peak) and
measuring absorbance at 210 nm allows for determining its
concentration in relation to the total protein concentration of
the serum [5]. Waldenstrom and Kunkel later identified that
Ig M in patient migrated close to B-globulin using immuno-
electrophoresis and ultracentrifugation techniques [15].
Capillary electrophoresis provides a clearer separation of f1-
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and Bo-globulins, this separation improves detection of
monoclonal proteins and quantified monoclonal peaks more
accurate than agarose gel electrophoresis where there are
variable affinities of the proteins for the dye [4,16]. In our
case, the M spike of Ig M has atypical migration to the betal
region, the presence of monoclonal proteins in the beta
fraction are often of the Ig A [5] or free light chain type. An
increase of beta 1 -proteins is seen with iron-deficiency due
to high levels of free transferrin or in hemolysis with free
hemoglobin [17]. When M-proteins migrate in the B1 region,
the presence of transferrin changes the shape of the
immunoglobulin  peak which is hidden under non-
immunoglobulin protein and the patients with iron-deficiency
anemia may have a betal peak due to increased transferrin
concentration, resembling a monoclonal component [12, 17],
in this cases, immunofixation should be performed. In our
case, the patient has an extra spike of 1g M (18.2 g/l) that is
discernible from normal beta proteins with a very low level
of transferrin at 0.77 g/l which doesn’t interfere with the M
protein. After diagnosis, the quantitation of monoclonal
protein (M-protein) is crucial for stratifying risk and
monitoring patients. The approach which enables estimation
of monoclonal fraction is densitometry using the tangent
skimming or perpendicular drop methods [13,18], when M
spike is found in the gamma globulin fraction. The exact
quantification of M-protein in the B region can be masked
by transferrin, complement component 3 and B lipoprotein
that migrate in this region [5, 14]. Fibrinogen will migrate to
the -y region on SPE and obscuring the detection of M-
protein. Hemolysis, commonly interference results in the
presence of pure hemoglobin or as the hemoglobin-
haptoglobin complex, both running in the B and a » region
can confound SPE [5]. There is no standardization of how to
handle beta region abnormalities. During treatment, the
amount of monoclonal protein changes over time and M
spikes present difficulties in quantification using the tangent
method due to variability in the measurement of -migration
[19, 20]. For Ig A monoclonal gammopathies migrating in the
B-regions, when the monoclonal protein band is obscured by
the normal 3 components, Willrich MA and al [7] advocates
splitting the  band as an M peak if the B fraction is >20 g/l
(2 g/dl). It’s useful in these cases to assist monitoring of IgA
and IgM proteins by using quantitative immunoglobulins.
Capillary electrophoresis and immunosubtraction is a high
resolution electrophoresis which allows a clear separation of
transferrin and C3, the measurement of M-spikes with a
corrected perpendicular drop guided by results from an
immunosubtraction pattern on the same specimen can be
accurate and reproducible [7, 21]. Serum immunosubtraction
patterns using CZE accurately identifies the area of the -
region that has been subtracted and thus calculates the amount
of the normal subjacent constituents, such as transferrin in the
B region, and provide a reliable value [20, 22].
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Figure 1: M-spike in the B1 region on capillary serum protein electrophoresis

4. Conclusions

The presence of Ig M monoclonal protein in the beta 1
fraction is unusual on capillary serum protein electrophoresis.
We have to be vigilant about the various degrees of
asymmetry of M-spike during the interpretation of SPE. The
increase in the concentration of certain physiological proteins
can generate similar peaks sometimes resembling a
monoclonal component.  Further, quantification of
monoclonal protein and electrophoretic migration position is
needed when monitoring patients and can be challenging
because of overlapping non-immunoglobulin  protein
fractions.

Acknowledgments: Not applicable.

Declarations of interest: None

Aboulmakarim et al., 2023

Funding: This research did not receive any specific grant
from funding agencies in the public, commercial, or not-for-
profit sectors.

References

[1] Y. Henskens, J. de Winter, M. Pekelharing, G.
Ponjee (1998). Detection and identification of
monoclonal gammopathies by capillary
electrophoresis. Clin Chem. Jun; 44 (6 Pt 1):1184-
90.

[2] P.M. Opallage, M. De Silva, RC. Dunn (2022). Dual
detection high-speed capillary electrophoresis for
simultaneous  serum  protein  analysis and
immunoassays. Sci Rep. Feb 4;12 (1):1951.

[3] HH. Lauer, D. Mc Manigill (1986). Capillary zone
electrophoresis of proteins in untreated fused silica
tubing. Anal. Chem. 58, 166-170.

[4] A. Regeniter, WH. Siede (2018). Peaks and tails:
Evaluation of irregularities in capillary serum

346



[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

1JCBS, 23(1) (2023): 344-347

protein electrophoresis. Clin Biochem. Jan; 51: 48-
55.

L. Paolini (2016). Quantification of  region IgA
paraproteins - should we include immunochemical
"heavy/light chain" measurements? Counter point.
Clin Chem Lab Med. Jun 1; 54(6):1059-64.

PC. Chan, B. Lem-Ragosnig, J. Chen (2018).
Diagnostic  implications of enumerating and
reporting beta fraction(s) for the detection of beta-
migrating monoclonal immunoglobulins in serum
protein electrophoresis. Clin Biochem. Mar; 53:77-
80.

MA. Willrich, JA. Katzmann (2016). Laboratory
testing requirements for diagnosis and follow-up of
multiple myeloma and related plasma cell
dyscrasias. Clin Chem Lab Med. Jun 1; 54(6):907-
19.

SN. Uljon, SP. Treon, CK. Tripsas, NI. Lindeman
(2013). Challenges  with  serum  protein
electrophoresis in assessing progression and clinical
response in  patients  with  Waldenstrém
macroglobulinemia. Clin Lymphoma Myeloma
Leuk. Apr; 13(2):247-9.

M. Hobbs, A. Fonder, YL. Hwa (2020).
Waldenstrom Macroglobulinemia: Clinical
Presentation, Diagnosis, and Management. J Adv
Pract Oncol. May-Jun;11(4):381-389.

S.H. Swerdlow, E. Campo, S.A. Pileri, N.L. Harris,
H. Stein, and E.S. Jaffe (2016). The 2016 revision of
the World Health Organization classification of
lymphoid neoplasms. Blood 127(20), 2375-2390.
Janz. Siegfried (2013). « Waldenstrém
Macroglobulinemia: Clinical and Immunological
Aspects, Natural History, Cell of Origin, and
Emerging Mouse Models », International Scholarly
Research Notices, vol. 2013, 25 pages.

A. Szymanowicz, B. Cartier, J.P. Couaillac, C.
Gibaud, G. Poulin, H. Riviére el al. (2006).
Proposition de commentaires interprétatifs préts a
I’emploi pour [I’électrophorése des protéines
sériques. Ann Biol Clin; 64 (4) : 367-80

R. Blandino, N. Baumgarth (2019). Secreted IgM:
New tricks for an old molecule. J Leukoc Biol. Nov;
106(5):1021-1034.

R.M. Parkhouse, B.A. Askonas, & R.R.
Dourmashkin (1970). Electron microscopic studies
of mouse immunoglobulin M; structure and
reconstitution following reduction. Immunology,
18(4), 575-584.

B.A. Keyt, R. Baliga, A.M. Sinclair, S.F. Carroll,
M.S. Peterson (2020). Structure, Function, and
Therapeutic Use of IgM Antibodies. Antibodies
(Basel). Oct 13; 9(4):53.

M. Mussap, F. Pietrogrande, S. Ponchia, P.M.
Stefani, R. Sartori, M. Plebani (2006). Measurement
of serum monoclonal components: comparison
between  densitometry and capillary zone
electrophoresis, Clin. Chem. Lab. Med. 44 (5) 609—
611,

S.R. Vavricka, E. Burri, C. Beglinger, L. Degen and
M. Manz (2009). Serum Protein Electrophoresis: An
Underused but Very Useful Test. Digestion; 79:
203-210.

Aboulmakarim et al., 2023

[18]

[19]

[20]

[21]

[22]

D. Segulja, D. Matigi¢, K. Barigi¢, D. Rogi¢ (2022).
A novel approach for more precise quantification of
M-protein  using  variables  derived  from
immunosubtraction electropherogram and
associated biochemistry analytes. Biochem Medica.
32 (3): 030701

H. Ludwig, D. Milosavljevic, N. Zojer, J.M. Faint,
AR. Bradwell, W. Hibl, et al (2022)
Immunoglobulin heavy/light chain ratios improve
paraprotein detection and monitoring, identify
residual disease and correlate with survival in
multiple myeloma patients. Leukemia. 27:213-9.
D. Keren, L. Schroeder. Challenges of measuring
monoclonal proteins in serum. (2016). Clinical
Chemistry and Laboratory Medicine (CCLM).
54(6): 947-961.

N. Omar, K. Madwani, P. Moideen, DM Manthei,
DF Keren, G Singh (2022). Accurate Quantification
of Monoclonal Immunoglobulins Migrating in the
Beta Region on Protein Electrophoresis. Lab Med.
Mar 7; 53(2):138-144.

J.A. Katzman, D.F. Keren (2016). Strategy for
detecting and following monoclonal gammopathies.
In: B. Deitrick, R. Hamilton, J . Folds, editors.
Manual of molecular and clinical immunology.
Washington, DC: ASM Press.

347



