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Abstract

We describe the use of MALDI-TOF mass spectrometry in the analysis of a suspected case of
gamma heavy chain disease. The patient had an abnormal serum immunofixation result where a
monoclonal gamma heavy chain band was present without a corresponding light chain. Analysis
by MALDI-TOF mass spectrometry revealed large peaks in the spectrum following 1gG-specific
purification. The m/z values of the peaks were outside the expected range for normal heavy chains
or light chains. Corresponding peaks were not present in mass spectra of the kappa- or lambda-
specific purifications. MALDI-TOF MS confirmed the presence of a truncated heavy chain
without associated light chains. This case report demonstrates the value of mass spectrometry in
interpreting challenging cases such as the identification of heavy chain disease.
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1. Introduction

Heavy chain disease (HCD) is a group of rare B-cell proliferative disorders characterized by
the production of truncated monoclonal immunoglobulin heavy chains without associated
light chains. There are three types of HCD based on the class of immunoglobulin heavy
chain produced by the malignant lymphoplasma cell: alpha, gamma, and mu. All are
extremely rare, with alpha HCD being the most common and mu HCD being the least
common [1].

Diagnosis of HCD requires the identification of a truncated heavy chain without an
associated light chain in serum or urine [1]. This is often accomplished through use of serum
and urine immunofixation. However, recent case reports have illustrated the difficulty in
correctly identifying HCD using this approach [2—4]. Light chain bands are sometimes not
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visible by immunofixation due to antigen excess, over-dilution of serum, different detection
limits of the heavy- and light-chain antisera reagents, or masking of the light chain epitope.
In addition, immunofixation interpretation can be challenging. Monoclonal heavy chains
often appear as broad bands and can be mistaken for polyclonal immunoglobulins [3].

Recently, matrix-assisted laser desorption/ionization time-of-flight mass spectrometry
(MALDI-TOF MS) has been used to detect monoclonal immunoglobulins in serum and
urine [5]. This method offers improved analytical sensitivity and specificity over current
electrophoretic techniques and can analyze samples in a high-throughput, automated manner
[5-7]. In addition, mass measurements provide structural information about the protein not
available by immunofixation. Therefore, MALDI-TOF MS could greatly aid in the
identification of HCD. Here, we describe a case of gamma HCD that was identified by
serum immunofixation during routine clinical testing and was confirmed using MALDI-TOF
MS.

2. Materials and Methods

2.1 Case description

A 73-year old man presented to his primary care physician in late 2018 after several months
of progressive malaise. Symptoms included fatigue, low grade fevers, cough, and body
aches. The patient, a former smoker, had a history of low-grade lymphoma since 1998 with a
splenectomy in 2013. In the workup of his malaise, chest X-ray was concerning for
metastatic malignancy, and a PET scan showed extensive hypermetabolic lymphadenopathy
involving almost all lymph nodes in the neck, chest, abdomen, pelvis and bilateral inguinal
regions. A biopsy of the right axillary lymph node showed a diffuse atypical lymphoid
infiltrate. Immunohistochemistry and flow cytometric analysis performed on the biopsy
revealed an abnormal immunophenotype including abnormal expression of CD20 (bright),
CD19 (bright), MUM1 and lambda light chain restriction without BCL2, BCL6 or MYC
rearrangement by cytogenetic analysis. The diagnosis was diffuse large B-cell lymphoma
(non-germinal center B-cell type). The abnormal B-cell population represented 17.3% of the
white blood cells, though the cells from this biopsy had reduced viability. Serum
immunofixation, which was performed on a Hydrasys 2 system using the Hydragel 9 IF kit
(Sebia), revealed a monoclonal gamma heavy chain with no corresponding kappa or lambda
light chain (Figure 1A).

2.2 Sample purification

Prior to analysis by mass spectrometry, immunoglobulins were purified from serum using
magnetic beads coated with polyclonal sheep antibodies specific for human IgG, IgA, or
IgM heavy chains, or total kappa or total lambda light chains (The Binding Site). Serum was
diluted 1:10 in phosphate buffered saline with 0.1% Tween (PBST) and divided into 5
separate aliquots. Magnetic beads were added to the aliquots and incubated for 15 minutes
while shaking. Beads were washed 3 times with PBST and twice with deionized water.
Captured immunoglobulins were eluted from beads using 5% acetic acid, 20 mM tris(2-
carboxyethyl) phosphine (TCEP) in water.
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Because gamma heavy chains are often truncated, three other purification methods were
used. First, IgG was purified from the patient serum using Protein A spin columns (NAb
Protein A Plus Spin Kit, Thermo Scientific). Briefly, the column was equilibrated with
binding buffer (100 mM phosphate, 150 mM sodium chloride, pH 7.2) provided with the Kit.
Twohundred microliters of serum were added to the spin column and incubated at room
temperature with mixing for 10 minutes. The column was centrifuged and the flow-through
was discarded. The column was washed 3 times with 400 uL of binding buffer. Purified
immunoglobulins were eluted in 3 fractions using 400 pL of elution buffer provided with the
kit. Ten microliters of each fraction were mixed with 10 pL of 50 mM TCEP and analyzed
by MALDI-TOF MS.

The sample was also purified using camelid-derived nanobody reagents that are specific to
the constant 1 (CH1) domain of IgG (CaptureSelect IgG-CH1) or the Fc-region of IgG
(CaptureSelect FcXL) (Thermo Fisher Scientific). The patient’s serum was diluted 1:10 with
phosphate buffered saline (PBS). Nanobody beads were added to the diluted serum and
incubated for 45 minutes with gentle shaking. Unbound material was discarded, and the
beads were washed 3 times with PBS and 2 times with water. The immunoglobulins were
eluted from the beads and the light chains were separated from heavy chains using 40 pL of
5% acetic acid, 50 mM TCEP.

2.3 Treatment with PNGase F

PNGase F (Promega) was used to confirm suspected glycosylation of the gamma heavy
chain. The patient’s sample was diluted 1:10 with PBST. IgG-specific magnetic beads were
added and were incubated with the diluted sample for 15 minutes while shaking. Beads were
washed 3 times with PBST and 2 times with water to remove non-specific serum proteins.
Thirty microliters of PBST and 2 pL (20 units) of PNGase F were added to the beads. The
mixture was incubated overnight at 37°C. After incubation, the supernatant was removed
and discarded. The beads were washed twice with PBST and twice with water to remove
residual buffer and PNGase F. Captured immunoglobulins were eluted with 30 pL of 5%
acetic acid, 20 mM TCEP in water. As a control, a second aliquot the patient sample was
prepared the same way, except that PNGase F was not added to the mixture.

2.4 MALDI-TOF MS

Purified samples were mixed 1:9 (sample:matrix) with 11 mg/mL alpha-cyano-4-
hydroxycinnamic acid in 50/50 (v/v) acetonitrile/water with 0.1% TFA. The sample/matrix
mixture was spotted onto a polished stainless steel MALDI target plate. Mass spectra were
acquired on a Microflex LT MALDI-TOF mass spectrometer (Bruker) using positive ion
mode from 8,000-30,000 m/z. Data was also acquired at a higher mass range (8,000-60,000
m/z) for the 1gG-specific purifications of the patient sample. Five hundred laser shots were
taken per spot and summed. Spectra were reviewed in FlexAnalysis Software (Bruker) and
visually inspected for the presence of monoclonal peaks.
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3. Results

Analysis by MALDI-TOF MS demonstrated large peaks in the mass spectrum of the 1gG-
specific purification at ~27000, ~13500 and ~9000 m/z (Figures 1B). No abnormal peaks
were observed at higher m/z values. These peaks have no corresponding signals in the mass
spectra of the kappa- or lambda-specific purifications (Figure 1B). These peaks are not
present in normal serum and are outside the expected mass range for normal 1gG heavy
chains (Figure 2A). These peaks were observed after purification with the 1gG-specific
magnetic beads, Protein A, and the CaptureSelect beads specific to the Fc region of IgG. The
peaks were not observed after purification with the CaptureSelect beads specific for the CH1
domain of IgG (Figure 2A). Finally, single peaks at lower m/z values were observed after
treatment with the deglycosylating enzyme, PNGase F (Figure 2B). This confirms that the
protein is glycosylated (N-linked) and that the broad, multipeak signals resulted from
glycosylation.

4. Discussion

This case demonstrates the benefit of using MALDI-TOF MS to detect monoclonal
immunoglobulins. Mass spectrometry provides direct detection of light and heavy chains
and provides structural information about the proteins, both of which are particularly
important for correctly identifying monoclonal heavy chains.

When interpreting mass spectra, the light chain charge states are primarily used to detect the
presence of monoclonal proteins. The light chains produce larger signals by MALDI-TOF
MS compared to heavy chains because they ionize more readily and are usually not
glycosylated. When an intact monoclonal immunoglobulin is present, a monoclonal peak is
visible in the light chain regions of both the heavy-chain-specific and light-chain-specific
purification (Supplemental Figure 1). The peaks are produced from the same molecule (i.e.
the monoclonal light chain) which has been purified from serum using two different
reactions. A monoclonal peak is less apparent in the heavy chain regions of the spectra for
several reasons. Heavy chains typically don’t ionize as well and produce lower signals by
MALDI-TOF MS. Also, the presence of multiple glycoforms cause the signals to appear
broad due to the lower resolution of the MALDI-TOF mass spectrometer.

Compared to the spectra observed with an intact monoclonal immunoglobulin, the spectra
from our patient are unusual and indicate the presence of a truncated gamma heavy chain for
several reasons. First, large signals in the spectrum of the 1gG-specific purification are
present with no corresponding signal from the light chain purifications. Second, treatment
with PNGase F confirmed that the protein is glycosylated (Figure 2B). Finally, the m/z
values of these broad peaks are outside the expected range for normal heavy chains and
normal light chains, and the protein is likely missing at least part of the CH1 domain since
the abnormal peaks were not observed following purification with the IlgG-CH1-specific
nanobody reagent. These observations are consistent with a gamma heavy chain; previous
structural studies have shown that gamma heavy chains typically range in size from 27,000—
49,000 Da and completely lack the CH1 domain [8]. The fact that this signal is relatively
large suggests that the protein may ionize better than normal heavy chains (perhaps because
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of its smaller size) or may be concentrated. Deletion of the CH1 domain prevents
degradation of the protein through heat shock protein 78. Therefore, heavy chains can be
observed at high concentrations in serum, despite low disease burden in the marrow [9]. In
this case, mass spectrometry helped identify a monoclonal gamma heavy chain associated
with a lymphoplasma cell proliferative disorder not visible on the lymph node biopsy in a
patient already diagnosed with diffuse large B-cell lymphoma.

Few other laboratory techniques are able to show both that the heavy chain is structurally
abnormal and that there are no associated light chains. Serum and urine immunofixation are
primarily used to identify HCD. However, due to analytical limitations, it is recommended
that at least one additional method be used to confirm the presence of a monoclonal heavy
chain [3]. In previous case reports, capillary electrophoresis combined with immunotyping,
the heavy/light chain nephelometric immunoassay (Hevylite™, The Binding Site), or a
modified immunofixation procedure have been used [3,10-12]. These techniques provide
additional evidence that a free heavy chain without an associated light chain is present.
However, they are indirect measures of the immunoglobulin and do not demonstrate that the
heavy chain is truncated. Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-
PAGE) followed by Western blotting can show that the heavy chain is truncated and has
been used in the workup of HCD cases [13,14]. However, this is a highly manual technique
and not commonly used in clinical laboratories.

MALDI-TOF MS has been used previously to analyze a potential case of HCD. In this
previous case, MALDI-TOF MS detected a corresponding light chain confirming that an
intact immunoglobulin, not an alpha heavy chain, was present. This finding was consistent
with clinical history as the patient had no symptoms of alpha HCD [2]. This report used
CaptureSelect nanobody reagents to purify immunoglobulins from serum. Readers should be
aware that these reagents are available with various specificities to the heavy chain constant
domains and that the 1lgG-CH1-specific beads may miss true cases of gamma heavy chain
disease, as we observed in our patient (Figure 2A, bottom panel).

In conclusion, MALDI-TOF MS could greatly improve the recognition of HCD because it
directly detects the light chains and heavy chains and provides structural information about
the proteins. Although this technique currently has limited availability, MALDI-TOF mass
spectrometers are relatively inexpensive, user-friendly and robust instruments. The
development of automated sample preparation and data analysis software will help make this
methodology more accessible to clinical laboratories in the future.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1:

Immunofixation results (A) and MALDI-TOF mass spectra (B) of the patient sample. The
different charge states of the gamma heavy chain are highlighted with an asterisk (*). The

inset shows details of spectra from 10,000-15,000 m/z.
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Figure 2:

(A) MALDI-TOF mass spectra of the patient sample (red) purified with 1gG-specific
magnetic beads, Protein A spin column, 1gG-Fc-specific CaptureSelect reagents, and 1gG-
CH1-specific CaptureSelect reagents compared to that of a healthy volunteer (black). (B)
MALDI-TOF mass spectra of the patient sample treated with PNGase F showing a shift
toward lower m/z values compared to the sample without PNGase F (control).

Clin Biochem. Author manuscript; available in PMC 2021 March 01.



	Abstract
	Introduction
	Materials and Methods
	Case description
	Sample purification
	Treatment with PNGase F
	MALDI-TOF MS

	Results
	Discussion
	References
	Figure 1:
	Figure 2:

