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Elevated serum gamma globulins in apparently
healthy Nigerians living in Ogbomoso: a possible
manifestation of phagocytic dysfunction

Adebayo Lawrence Adedejia, Dauda Jimoha, Jelili Abiodun Badmusa, Ibrahim Olabanji
Bellob, Ibrahim Eleha Suleimanc, and Olubunmi Gloria Ayelagbed*

ABSTRACT
Background: Serum protein abnormalities, particularly elevated gamma globulins (hypergammaglobulinemia,
HGG), have been reported in apparently healthy Nigerians living in Ogbomoso and elsewhere. Since the
mechanisms for this phenomenon have not been fully substantiated, we hypothesized that impaired neutrophil
phagocytosis could contribute to this condition.

Methods: Healthy humans exhibiting HGG were identified using serum protein electrophoresis performed on
cellulose acetate gel in barbital buffer (pH 8.6). GelQuant image analysis and quantitation software were further
employed to quantify the gamma globulin fraction. Neutrophils were isolated from K3EDTA anticoagulated
peripheral blood using Histopaque neutrophil isolation reagent. Neutrophil phagocytic activity was analyzed
using a non-subjective commercial colorimetric phagocytosis assay kit.

Results: The purity and viability of isolated neutrophils were approximately 94% and 92%, respectively. Ex-vivo
phagocytic activity of neutrophils isolated from apparently healthy subjects exhibiting HGG, expressed as a
percentage of the average absorbance of the control group, was 48.1 ± 8.6% which was significantly lower
(p< 0.05) compared to the controls (98.9± 14.3%).

Conclusion: Since neutrophils play crucial roles in innate immune responses, impairment of neutrophil
phagocytic activity may lead to persistent antigenic stimulations of the adaptive immune system. This could in
turn orchestrate gamma globulins expression leading to HGG.

Statement of novelty: We demonstrated reduced neutrophil phagocytic activity as a possible basis for
hypergammaglobulinemia in healthy Nigerians, perhaps for the first time.

Introduction

Phagocytosis is defined as a receptor-mediated
process in which targeted particles are engulfed and
degraded. Neutrophils are the predominant leukocytes
in peripheral blood and from there, they are mobilized
to the sites of infection (Teng et al. 2017; Leach et al.
2019). Although neutrophils do not possess the

properties for adaptive recognition of antigens, never-
theless, they mediate early innate immune responses to
infection and display the capacity to modulate the adap-
tive immune response (Ley et al. 2018; Papayannopoulos
2018; Silvestre-Roig et al. 2019; Rosales 2020).
Neutrophils are also important sources of pro- and
anti-inflammatory cytokines, thus participating in
host defenses through a variety of phenotypically
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simple but mechanistically complex processes
(Tamassia et al. 2018; Gideon et al. 2019; Kumar
2020). Other neutrophil functions include chemotaxis,
respiratory burst activity, direct bacterial killing, and
antibody-dependent cell-mediated cytotoxicity, and
most of these functions can be demonstrated in vitro
(Lehman and Segal 2020).

Immunoglobulins are glycoproteins produced by
plasma cells and are key effector factors of the adaptive
immune system. The Fc regions of IgG molecules
are involved in complement and antibody-dependent
phagocytosis (Quast et al. 2017). IgG is the most abundant
immunoglobulin and therefore constitutes most
of the gamma region in serum protein electrophoresis
(Adedeji et al. 2014). Hypergammaglobulinemia (HGG)
is found in many situations. In the setting of primary
immunodeficiency, HGG could, for instance, be related
to a defect in T cell function, liver diseases, malignan-
cies, autoimmune diseases, and infections (Upton
2014). Although immunodeficiency may be associated
with a significant decrease in plasma IgG, IgM, or IgA
isotypes, some immunodeficiency conditions with
normal or elevated levels of immunoglobulins have
been documented (Conley et al. 1999; Adedeji et al.
2014; Pimenta et al. 2019). Furthermore, neutrophil
functions are reduced in the immunodeficiency
state, such as in HIV-infection (Dantas et al. 2015).
Some immunodeficiency diseases are very well
described as having high levels of a particular immuno-
globulin. For instance, hyper IgM usually results
from the impaired ability of B cells to undergo
immunoglobulin class-switching, while IgE usually pre-
dominates in hyper IgE syndrome as well as other
conditions (Lo et al. 2013).

Previous studies have shown that some healthy
humans have exhibited HGG (Buadi et al. 2011;
Adedeji et al. 2015). This phenomenon was first recog-
nized in Nigerians living in Britain as far back as the
1950s (Schofield 1957), but the precise immunological
basis for this condition is still emerging. Since
neutrophils are crucial in the first line of defense and
immunoglobulins are expressed following antigenic
stimulation, we hypothesized that impaired neutrophil
phagocytic function would contribute to this phenome-
non. Although phagocyte dysfunction has been
reported in pathologic conditions (Carneiro et al. 2012;

Teng et al. 2017), data on phagocytic activity of neutro-
phils isolated from peripheral blood of apparently
healthy individuals exhibiting HGG are scarce. Thus,
we investigated whether neutrophil dysfunction is
associated with HGG in apparently healthy indivi-
duals, as this could provide a possible basis for this
phenomenon.

Methods

Subject selection
This is a cross-sectional study where 100 healthy

undergraduates in the Faculty of Basic Medical
Sciences, Ladoke Akintola University of Technology,
Ogbomoso (Supplementary Material1), Nigeria, who
met the selection criteria were recruited. Volunteers
were required to complete a structured questionnaire.
Those with a medical history that could influence the
results at the time of enrolment were excluded from
the study. Blood samples were collected from the partic-
ipants after overnight fasting. The serum was separated
by centrifugation and stored at −20 °C. The study was
approved by the Ethical Committee of the Faculty of
Basic Medical Sciences and informed consent was
obtained from all volunteers before the study was
initiated.

Serum protein electrophoresis (SPE)
SPE was performed on cellulose acetate gel in barbital

buffer (pH 8.6) at 20 V/cm for 25 minutes. The
Helena electrophoresis system (Helena Laboratories,
Beaumont, TX) was used to identify participants
exhibiting HGG. SPE was performed according to the
recommendations provided by the manufacturer. The
separated fractions were fixed in 5% acetic acid and
visualized with Ponceau S stain. The electropherogram
was independently examined by 2 of the authors (ALA
and IES) to identify participants exhibiting HGG and
any discrepancies were resolved by consensus. To quan-
titatively define HGG, serum protein fractions were
measured both in HGG participants and the controls
using GelQuant image analysis and quantitation soft-
ware, as described by Khakabimamaghani et al. (2013).
Absolute protein fractions were calculated from total
protein concentration, determined using the Biuret
method of Weichselbaum (1946). Serum albumin
concentration was determined by the method of
Doumas et al. (1971).

1

Supplementary data are available with the article through the journal Web site at http://lymphosign.com/doi/pdf/10.14785/lpsn-2021-0024.
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Serum immunoglobulin estimation
Serum immunoglobulin (total IgG, IgM, and IgA)

concentrations were determined by Mancini single
radial immunodiffusion (Mancini et al. 1965), modified
by Liofilchem S.R.L., Italy.

Liver and renal function assessment
Renal and liver function of the HGG subjects were

assessed to rule out liver diseases. Serum aspartate
aminotransferase (AST) and alanine aminotransferase
(ALT) activities were determined by the colorimetric
method as described by Reitman and Frankel (1957).
Serum alkaline phosphatase (ALP) activities were
measured by the colorimetric method as described by
Plummer (1978) with phenolphthalein monophosphate
used as substrate. Serum urea and creatinine concentra-
tions were determined by modified Berthelot reaction
(Burtis and Ashwood 1999) and modified Jaffe reaction
(Mazzachi et al. 2000) methods, respectively. The
reagents used for the enzyme activity, urea, and creati-
nine assays were obtained from assay kits of Randox
Laboratories Ltd., UK.

Isolation of neutrophils
Neutrophils were isolated from whole blood using

neutrophil isolation reagent, obtained from Cayman
Chemical, USA. The reagent was stored and used
according to modified manufacturer instructions. To
prevent neutrophil activation during the separation
procedure, EDTA anticoagulated blood was used and
the washing PBS did not contain Ca2+/Mg2+, since
these ions have been shown to prime cells (Oh et al.
2008; Freitas et al. 2008). Briefly, 5 ml of K3EDTA
anticoagulated blood diluted 1:2 in cell-based assay
buffer (Item No 10009322) was layered on 3.33 mL of
cell-based assay neutrophil isolation Histopaque
reagent (Item No 600612), in a 15 mL conical tube. It
was centrifuged at 500 × g for 25 minutes at 26 °C.
The top layers were carefully removed and 10 ml of
Red Blood Cell Lysis Buffer (Item No 601077) was
added for 10 minutes to lyse the red blood cells. The
neutrophil fraction was pelleted at 1200 rpm for
10 minutes. The reddish supernatant was carefully
aspirated and the remaining pellet was washed twice
in 1.66 ml of RPMI containing 1% BSA. Resuspension
of pellets was performed slowly and rested as recom-
mended by Kutscher et al. (2013). The isolated neutro-
phils were suspended in 5 mL RPMI containing 1%
BSA and rested for 10 minutes at 26 °C.

Assessment of viability and purity of
isolated neutrophils and phagocytic
activity assay
The purity and viability of the isolated neutrophils

were evaluated by Leishman’s staining and trypan blue
dye exclusion method, respectively, as described by
Joshi et al. (2020). The neutrophil phagocytic capacity
was performed using zymosan (Saccharomyces
cerevisiae) commercially prepared from yeast cell wall,
which consists of protein-carbohydrate complexes
(purchased from Cell Biolabs, USA). The CytoSelectTM
96-well phagocytosis assay that uses prelabelled zymo-
san particles as a phagocytosis pathogen was employed
in the study. The phagocytosed zymosan particles were
determined by measuring the absorbance of each well
at 405 nm. The results were expressed as a percentage
of the average absorbance of the control group.

Statistical analysis
Descriptive analysis and student t-test were used for

the comparison of data. Spearman correlation was used
to test the association between variables, using
Graphpad® 5 software (San Diego, CA). P-values<0.05
were considered significant.

Results

Study participants
Seven (7%) of a total of 100 healthy participants ini-

tially recruited were identified to exhibit HGG. Seven
participants exhibiting normal gamma globulin bands
were randomly selected as controls. The renal and liver
indices and other details are presented in Table 1.

Serum protein pattern and neutrophil
phagocytic activity
Serum proteins and albumin concentrations in HGG

were not significantly (p< 0.05) different from the con-
trols whereas the concentrations of IgG and gamma
globulin were significantly (p < 0.05) higher in HGG
compared with the control. The changes in other
immunoglobulin concentrations were not significant
(p > 0.05). The purity and viability (94% and 92%,
respectively) of isolated neutrophils were adequate for
the in vitro phagocytosis assay. Figure 1 shows that the
phagocytic activity of neutrophils isolated from
apparently healthy participants exhibiting HGG is
significantly lower than the controls (p< 0.05).
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Association between neutrophil phago-
cytic activity and serum immunoglobulins
Figure 2 shows the correlation of neutrophil phago-

cytic activity (NPA) with immunoglobulins in HGG
and the controls. IgG positively correlated with gamma
globulin (R = 0.920; p = 0.003) and (R = 0.867;

p = 0.014), respectively, in HGG and controls. No sig-
nificant correlation was observed between neutrophil
phagocytic activity and gamma globulin, IgG, in both
the HGG and control group (p> 0.05).

Discussion

In this report, we demonstrated reduced phagocytotic
activity in neutrophils isolated from apparently healthy
participants exhibiting HGG compared with the
controls. We first identified healthy participants show-
ing HGG by SPE, and subsequently confirmed HGG
by quantifying the gamma globulin band using
GelQuant image analysis and quantitation software
(Khakabimamaghani et al. 2013).

Since HGG has been reported in patients with
chronic liver disease (Fallatah and Akbar 2010), we
ruled out this condition by studying the liver and renal
indices such as plasma AST, ALT, ALP, urea and creati-
nine. The liver and renal indices and HIV status reports
confirmed that HGG is not due to underlying liver dis-
ease in the study participants. Other demographic
parameters in both HGG and control participants were
essentially the same (p> 0.05) (Table 1).

SPE is invaluable in health and diseases. It has 3 tradi-
tional applications; the first application is in the identi-
fication and characterization of serum protein
abnormalities, the second application is in identifying
the transition from monoclonal gammopathy of unde-
termined significance to multiple myeloma, and the
third application is in disease activity or treatment in
multiple myeloma (Katzmann et al. 1997). The pro-
cedure is now very useful in identifying healthy humans
exhibiting HGG. Different varieties of SPE have been

Table 1: Characteristics of study participants exhibiting HGG.

Parameter *Control *HGG p-value

N 7 7 —

Female to male ratio 3/4 4/3 0.185
Age (Years) 24± 2.5 25± 1.8 0.452
Body mass index (Kg/m2) 21.1± 1.1 21.7± 2.0 0.873
Serum aspartate aminotransferase (U/L) 6.6± 2.9 6.5± 2.5 0.979
Serum alanine aminotransferase U/L) 15.0± 3.7 13.1± 5.2 0.771
Serum alkaline phosphatase (U/L) 139± 12.5 153.3+14.2 0.487
Serum rreatinine (mg/dL) 0.88± 0.10 1.02± 0.04 0.261
Serum urea (mg/dL) 26.1± 1.2 24.3± 0.8 0.233
HIV status Negative Negative —

Note: *Data are mean±SD. HGG = hypergammaglobulinemia.

Figure 1: Neutrophil phagocytic activity and immuno-
globulins in participants exhibiting hypergamma-
globulinemia. Bars with error bars are mean±SEM.
HGG= hypergammaglobulinemia; TP = total proteins;
ALB = albumin; GLO: globulins; α1 = alpha-1 globulin;
α2 = alpha-2 globulin; β = beta globulin; γ = gamma
globulins; IgG = immunoglobulin G, IgM = immunoglobulin
M, IgA = immunoglobulin A; NPA = neutrophil phagocytic
activity. Where indicated, * denotes p < 0.05 significance
level of HGG compared to control.
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reported depending on the nature of the support
medium employed. The 3 commonly used support
media, cellulose acetate, agarose, and capillary, each
have different specificity and sensitivity in determining
serum protein abnormalities (Katzmann et al. 1997).
It is noteworthy that the cellulose acetate support

medium used in this study has been reported to have
excellent specificity.

The concentration of serum gamma globulin and IgG
were significantly (p < 0.05) higher in the HGG
group compared to the control. Immunofixation
electrophoresis (IFE) is a research tool for identifying
the electrophoretic mobility of serum protein fractions
in blood and other biological fluids. With the use of
IFE, several proteins have been identified to migrate in
the gamma band of SPE. Notably amongst them is
IgG. Others are IgA, IgM, and complement C3 (Yousif
et al. 2018). In this study, gamma globulin and total
IgG were positively correlated and it is evident from
previous reports that the major component of the
gamma band is IgG. Phagocytic activity of neutrophils
was demonstrated to be significantly reduced in partici-
pants exhibiting HGG. Anomalies in neutrophil phago-
cytic function have been observed in several common
medical and surgical conditions (Engelich et al. 2001).
Its occurrence among participants exhibiting HGG is
still emerging.

As is generally known, phagocytosis is initiated by the
interaction of phagocytic receptors with ligands on the
surface of target microbes. Then, receptors aggregate
to initiate signaling pathways that regulate the actin
cytoskeleton, so that the phagocyte can produce
membrane protrusions to engulf microbes. Lastly, the
microbes are encircled in a new vesicle that protrudes
out from the plasma membrane. The impairment
in NPA may result from 1 or more of the many
well-defined and complex processes that have been
systematically divided into 4 principal steps: recognition
of pathogens, activation of the internalization process,
formation of the phagosome, and phagolysosome
maturation. These processes have been recently
reviewed (Nordenfelt and Tapper 2011; Rosales and
Uribe-Querol 2017; Liew and Kubes 2019). Further
studies will be needed to demonstrate precisely the mol-
ecules that are defective in this condition. However,
phagocytic defects are generally a consequence of
impaired actin polymerization around phagosomes
(May and Machesky 2001; Baranov et al. 2016).

The correlation studies show that IgG is implicated in
HGG and significant correlation was observed between
total IgG and gamma globulins (Figure 1), and these
may be expressed against microbes that breached the
first line of defense. Determination of specific

Figure 2: Comparison of serum globulins
and neutrophil phagocytic activity in
hypergammaglobulinemia. a: Asso-
ciation between gamma globulin (γ-G)
and immunoglobulin G (IgG) in control
(left panel) and HGG (right panel). b:
Association between NPA and total
globulins in control (left panel) and HGG
(right panel). c: Association between
NPA and γ-G in control (left panel)
and HGG (right panel). d: Association
between NPA and IgG in control (left
panel) and HGG (right panel). Regression
lines and Pearson R-values are shown
for correlations. p< 0.05 were considered
significant.
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antibodies would add an interesting dimension to this
study. Furthermore, evaluation of the IgG subtype may
reveal a predominant subclass in this condition. For
instance, IgG1 and IgG3 subclass predominate in
HIV infection and liver cirrhosis, respectively
(Riggione et al. 1983; Kekow et al. 1988).

Since neutrophils play crucial roles as effector
molecules in the first line of defense in humans,
impairment of neutrophil phagocytic activity may
favour persistent antigenic stimulation of the adaptive
immune system. This in turn could orchestrate gamma
globulin expression leading to HGG. Consequently,
there might be a reduced ability of neutrophils, in this
subset of young individuals, to combat microbial infec-
tions. However, since no peculiar symptom is associated
with reduced neutrophil phagocytosis in apparently
healthy individuals considered in this study, this
phenomenon could be termed reduced neutrophil
phagocytic activity of undetermined significance.
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