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RESEARCH ARTICLE

� Describe the type of immunoglobulin by immunofixation 
electrophoresis (IFE).

� Quantitate the M-band in patients of plasma cell neoplasm for 
categorization as well as therapeutic monitoring of plasma cell 
neoplasm.

MAT E R I A L S A N D ME T H O D S
This is a retrospective observational study conducted on patients 
attending outpatient department (OPD) and inpatient department 
(IPD) of the Department of Medicine, Department of Orthopedics, 
Department of Nephrology, and Department of Clinical Hematology 

IN T R O D U C T I O N
Multiple myeloma (MM) results from neoplastic proliferation of 
plasma cells, usually accompanied by an M protein in serum and/or 
urine, as well as signs of organ damage caused by the plasma cell 
neoplasm. The majority of cases involve disseminated bone marrow 
involvement. The disease has a clinical spectrum ranging from 
asymptomatic to highly aggressive.1

The International Myeloma Working Group (IMWG) developed 
criteria for diagnosing and evaluating MM. According to their 
guidelines, the first step in each suspected case is SPEP and serum IFE.2

While SPEP is used to screen for the presence of M protein 
and quantify it, IFE analyzes isotypes. The monoclonal protein is 
immunoglobulin G (IgG) in around 70% of patients, IgA in 20%, and 
light chains without an entire immunoglobulin molecule in 5�10% 
of patients. Less than 1% of patients have a monoclonal protein 
of IgD, IgE, or IgM, or in rare cases, a true nonsecretory myeloma. 
Immunofixation is necessary to identify the precise paraprotein(s) in 
both serum and urine, and this test should always be performed in 
conjunction with protein electrophoresis.

As clonal IgD and IgE diseases are uncommon, immunofixation 
investigations do not routinely assess for IgE or IgD paraproteins. 
Nonetheless, assessment of total serum IgE and IgD levels is 
advised in the initial evaluation of a new patient.3,4 Multiple 
myeloma accounts for 1% of all cancers and approximately 10% 
of all hematologic malignancies. The median age of patients at 
diagnosis is around 65 years.2,5

AI M S A N D OB J E C T I V E S
The aim of the study was to:

� Describe patterns of serum protein electrophoresis (SPEP).
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AB S T R AC T
Introduction: Serum protein electrophoresis (SPEP) is a widely used biochemical test for diagnosing and monitoring plasma cell neoplasms, 
and it is frequently used in conjunction with immunofixation electrophoresis (IFE).
Aims: To elaborate on the patterns of SPEP and IFE in a tertiary care hospital in eastern India.
Materials and methods: A total of 455 cases satisfied the inclusion criteria of the study and were evaluated with SPEP using the Sebia Hydrasys 
2 Scan Focusing System. IFE is performed when indicated.
Results: Of the 455 cases, 153 (33.63%) had monoclonal gammopathy, with immunoglobulin G kappa (IgG�) being the most prevalent monoclonal 
protein found (47.50%). Multiple myeloma was the most prevalent neoplasm involved in 280 (61.53%) cases.
Conclusion: Serum protein electrophoresis and IFE are widely available and easy-to-administer tests recommended by international guidelines 
for screening and monitoring therapy of plasma cell neoplasms.
Keywords: Immunofixation, M-band, Plasma cell neoplasm, Serum protein electrophoresis.
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Among 155 cases of monoclonal and biclonal gammopathies, 
124 (80%) cases were identified in the gamma globulin region 
whereas 31(20%) cases were found in the beta globulin region. 
Table�3 shows the pattern of IFE in this study (Fig. 1).

In this study, among 455 cases, 280 cases (61.53%) were of MM. 
Among them, 79 (28.21%) cases were of newly diagnosed MM, 66 
(23.57%) cases were of relapsed/refractory MM, and the remaining 
135 (48.21%) patients were treated cases of MM for whom SPEP was 
done as part of follow-up.

DI S C U S S I O N
Monoclonal gammopathies are a class of disorders characterized 
by the proliferation of a single clone of plasma cells that produce 
a homogeneous monoclonal protein (M protein). It is crucial 
to distinguish between monoclonal and polyclonal rises in 
immunoglobulins, as monoclonal rises are associated with a 
malignant or potentially malignant clonal process, while polyclonal 

at ESI PGIMSR and ESI Hospitals in Manicktala and Sealdah from 
November 2016 to October 2021.

Serum protein electrophoresis was done in patients with altered 
A:G ratio for various reasons including liver disease, infections, 
etc.; suspected cases of plasma cell neoplasm, follow-up cases of 
plasma cell neoplasm for monitoring, evaluation for normocytic 
normochromic anemia as well as patients with persistent low back 
ache and renal impairment.

Data accessed from the record section of Central Research 
Laboratory, ESI PGIMSR, and ESI Hospital Manicktala.

About 2 mL of venous blood was collected from each patient 
in red-topped clot vacutainers or yellow-top serum separator 
vacutainers. SPEP was performed on each sample, and IFE was 
conducted in indicated cases.

All lipemic samples and hemolyzed samples were discarded.

Procedure for Serum Protein Electrophoresis
The Sebia Hydrasys 2 Scan Focusing system was used for SPEP 
and IFE. About 2 mL of venous blood collected from patients was 
centrifuged at 4000 rpm speed for 10 minutes. Serum separated 
from each sample was aliquoted with proper labeling indicating 
name, ID, and date of collection. This was stored at �20°C 
and thawed during the process. According to the laboratory 
operating protocol of the institute, SPEP and IFE were run once 
a week.

The serum thus obtained was applied to a film of agarose 
gel along with a commercially available control serum. This 
film was placed in an electric field for 20 minutes. Proteins 
were stained using Amido black stain. Densitometry was then 
applied following electrophoresis to measure protein fractions 
and locate M spikes.

Procedure for Immunofixation Electrophoresis 
The serum obtained is diluted with a diluent (1/5 dilution for gamma 
heavy chain and 1/2 dilution for other heavy chains and light chains) 
and applied to the film of agarose gel. This film is placed in an 
electric field for 1 hour. Antisera targeting heavy chain isotypes 
(�, �, �) and light chain isotypes (�, �) are used. Staining is done 
using Acid Violet.

RE S U LTS
Total number of cases was 455. Among them, the number of 
male patients was 273 (60%) and 182 (40%) patients were female. 
Male:female ratio was 1.5. Age of patients was in the range of 
22�85 years, median age being 56 years. Indications for doing SPEP 
were analyzed in Table�1.

Table�2 explains the pattern of clonality in this study.

Table 1: Indications for doing SPEP

Indications Number of patients Percentage
Evaluation for plasma cell neoplasm 145 31.86
Monitoring of therapy of plasma 
cell neoplasm

135 29.67

Evaluation of anemia 30 6.59
Evaluation of low back ache 18 3.96
Evaluation of renal impairment 25 5.49
Evaluation of altered ratio of albumin 
and globulin for various reasons

81 17.80

Miscellaneous 21 4.62

Table 2: Pattern of clonality of SPEP

Pattern of 
gammopathy Number of cases Percentage
Monoclonal 
gammopathy

153 33.63%

Biclonal 
gammopathy

2 0.44%

Polyclonal 
gammopathy

87 19.12%

Normal SPEP pattern 213 46.81%

Table 3: Pattern of IFE

IFE pattern
Gamma globulin 

region Beta globulin region
IgG� 62 10
IgG� 53 7
IgA� 0 9
IgA� 3 4
IgM� 6 1

 

Fig. 1: Composite presentation of IFE pattern according to the location 
of the M-band in electrophoresis
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of light chain (56.77%). A similar pattern was observed in studies 
conducted by Chelliah et�al. and Kalpana et�al.15,18

This study found that SPEP and immunofixation were highly 
sensitive (100%) in patients diagnosed with plasma cell myeloma, 
which is consistent with previous studies conducted in India (Chelliah 
et�al.), the Netherlands (90.1%), and the United States (94.4%).15,19,20

The current study analyzes the patterns of SPEP and IFE. It is 
the first to be reported from India�s eastern zone over a 5-year 
period. IgD and IgE antisera were unavailable, hence those types of 
immunoglobulins could not be reported. This remains a limitation 
of the study (Figs 3 to 6).

rises typically result from reactive or inflammatory processes.6 SPEP 
is also used to measure the M-band during response evaluation for 
MM therapy.7 In this study, SPEP was used to analyze 135 cases of 
MM to monitor their treatment response.

The study population had a median age of 56 years, ranging 
from 22 to 85. Several studies have found that age is the most 
significant risk factor for multiple myeloma: 96% of cases are found 
in individuals over 45, and >63% in those over 65.8

Multiple myeloma is more common in males than in women, 
with a male-to-female ratio of 1.1:1. In the present study, male-to-
female ratio was 1.5.1

The SPEP band consists of five regions: albumin, alpha-1, 
alpha-2, beta, and gamma (Fig. 2). This test is very effective in 
detecting the presence of �M protein.� The circulating M-protein 
may be an entire immunoglobulin, the light chain alone, or, in rare 
situations, the heavy chain alone.

The heavy chain is one of five immunoglobulin classes: G, A, 
M, D, or E, whereas the light chain is kappa or lambda in type. It 
appears as a sharp, thin band, most typically in the gamma-globulin 
region, but less frequently in the beta-globulin region and rarely 
in the alpha-2 region. Alpha-2 fractions usually do not contain IgA, 
IgG, or IgM proteins.9,10

Biclonal gammopathies account for just 1% of all clonal 
gammopathies. Oligoclonal gammopathies are even rarer. These are 
extremely infrequent in multiple myeloma. According to the reported 
literature, the incidence of multiple gammopathies among various 
gammopathy cohorts ranges from 2 to 6%.11,12 The present study 
shows an incidence of 0.44%. However, the existence of a second 
monoclonal protein does not appear to affect the course of the 
disease, implying that multiple monoclonal proteins have no clinically 
significant effect on each other over the course of the disease.13,14 In the 
current study, M-bands were found in 124 (80%) cases in the gamma 
globulin region and in 31 (20%) cases in the beta globulin region.

Chelliah et� al. reported that the M spike was in the gamma 
globulin area in 70% of instances, whereas 30% were in the beta 
region.15 Another study conducted in India found M-bands in 
87.5 and 12.5% of all patients in the gamma and beta regions, 
respectively.16 In most cases in the present study, IgG paraproteins 
remain in the gamma globulin region, but IgA has a stronger 
tendency to migrate to the beta globulin region, as observed in 
studies conducted by Chelliah et�al. and Tseng et�al.15,17

Immunofixation electrophoresis determines the type of 
immunoglobulin protein(s) found in M bands on SPEP. It identifies 
the heavy chain (IgG, IgM, IgA) and the light chain (kappa or 
lambda).

In this study, the most prevalent class of monoclonal protein was 
IgG� (46.45%), followed by IgG� (30.7%). IgG was the most common 
form of heavy chain (77.15%). Kappa was the most prevalent form 

Fig. 2: Schematic diagram of SPEP band

Fig. 3: Serum protein electrophoresis with an M-band

Fig. 4: Agarose gel electrophoresis plate

Fig. 5: Serum protein electrophoresis with biclonal pattern
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CO N C LU S I O N
Both SPEP and IFE are widely available and simple to conduct 
assays, which remain essential screening techniques for plasma 
cell neoplasms and their treatment monitoring, and both are 
complementary to each other.
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