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Abstract 
Background: Breast cancer remains intractable and the leading cause of can-
cer related death among women. The appearance of breast tumour and its 
progression poses great clinical unpredictability before and after diagnosis, 
therapy and appearance of recurrent secondary deposits. Various immuno-
logical changes occur during breast tumourigenesis, and can be of value in 
the surveillance of the diseases. In our environment, there is scanty informa-
tion on the value of these immunological factors especially immunoglobulins 
in screening and surveillance of breast cancer—hence the need for this study. 
Methodology: A total of 59 females (mean age = 48.7 ± 8.7 yrs) with clinical-
ly and pathologically confirmed breast cancer were prospectively recruited 
alongside with 20 patients with benign breast tumour representing patients’ 
control group and 20 apparently healthy age and sex-matched control sub-
jects (mean age = 47.5 ± 13.4 yrs). Breast cancer patients were further 
grouped into early stage breast cancer (N = 25) and advanced stage breast 
cancer (N = 34). Patients were subjected to standard treatment modalities and 
pre- and post-treatment samples collected at intervals. Samples were assayed 
for IgG & IgM by immunoenzymatic methods and IgA by immunoturbidi-
metric method. Questionnaires and measurements were used to obtain ne-
cessary demographic and anthropologic information from the subjects. Re-
sults: Results showed that in all stages of breast cancer and treatment groups, 
the mean serum IgG, IgM and IgA levels respectively were not significantly 
raised (P > 0.05) when compared. Results also showed that majority (59%) of 
the patients presented at advanced stage of the disease. Low level of education 
and low income were among the prevailing risk factors. Majority (63%) of the 
cases had body mass index suggesting obesity (>30 kg/m2). Conclusion: 
Results suggest that serum immunoglobulin (IgG, IgM and IgA) levels are 
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of limited value in surveillance of breast cancer in our environment. Based 
on our findings, it could also be concluded that low levels of education and 
low income are among the risk factors. Advocacy and evidence based poli-
cies aimed at prevention and early detection of the disease should be priori-
tized.  
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1. Introduction 

Breast cancer remains intractable and the leading cause of cancer related death 
among women worldwide. The prevalence is increasing even in African coun-
tries that used to have low but present with more aggressive, increased mortality, 
earlier age at presentation (35 - 45 years) and different patterns of gene expres-
sion [1] [2] [3]. Most of the studies in Nigeria confirm late presentation with 
advanced disease and poor clinical outcome [4] [5] [6] [7]. Early detection 
therefore is of immense clinical importance. 

The appearance of breast tumour and its progression poses great clinical un-
predictability before and after diagnosis, therapy and appearance of recurrent 
secondary deposits. Biological markers are widely recognized as important tools 
in the evaluation and management of patients with cancer and an especially wide 
array of body fluid markers have been investigated for clinical utility in diag-
nosing, staging or managing patients with cancer [8]-[17].  

The earlier classic understanding that immunoglobulins were produced only 
by B lymphocytes and plasma cells were challenged when many non-lymphoid 
lineage cells (such as breast cancer cells) were found to have the ability to pro-
duce IgG [18] [19]. Previously, possible disturbance in the secretory immune 
system leading to defect in immunoglobulin metabolism has been suggested in 
pathogenesis of breast cancer [20]. Serum immunoglobulins levels were found to 
be related to disease stage and tumour burden in cancers such as carcinoma of 
cervix [21], pancreatic cancer [22], primary liver carcinoma [23] and squamous 
cell carcinoma [24]. In oral cancer patients, previous investigations of serum 
immunogloblin levels showed an increase in IgM, IgA, IgE, and IgG when com-
pared with normal individuals [25]. More recent study [21] contradicted the ear-
lier finding and observed that serum IgG and IgA are not significantly elevated 
in oral cancers and hence not to be used as a good surrogate marker for diagno-
sis and prognosis. 

Previous reports of immunoglobulin levels in breast cancer patients are con-
flicting [26]-[32] and numerous responses of immune disturbances have been 
associated with breast cancer due to possible defect in immune mechanisms 
[20]. A study observed marked increased IgM in breast fluid of breast cancer pa-
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tients prior to mastectomy with decrease in IgA levels [29]. Similar significant 
reductions in IgA and IgG in breast tissues were observed by Robert et al. [26]. 
The total immunoglobulin levels and IgG levels were found to correlate with 
plasma cell infiltration. The previous studies neither discussed the staging of the 
breast cancer patients, the effect of treatment nor used age-matched controls. 
Our study was undertaken to compare the major serum immunoglobulin levels 
(IgA, IgG, and IgM) in patients with malignant and pre-malignant breast condi-
tions of the breast across disease stages and treatment groups. 

2. Materials and Methods 
2.1. Subjects and Sampling 

This is a prospective longitudinal study conducted between February 2015 and 
June; 2017 on treatment-naive female patients age range from 30 to 68 years 
with breast tumour and referred to the Oncology Units of Departments of Sur-
gery of University of Nigeria Teaching Hospital, Enugu and Federal Teaching 
Hospital, Abakaliki (both in Eastern-Nigeria). Diagnosis and staging were clini-
cally and pathologically confirmed. The studied individuals were grouped into 
three. 

Group I: Patients group—included 59 breast cancer patients; due to small 
sample size this group was further divided into early stage breast cancer (stages 1 
& 2, N = 24) and advanced stage breast cancer (stages 3 & 4, N = 35) based on 
Tumour Node Metastasis (TNM) classification. 

Group II: Patients control—included 20 patients with benign breast tumour 
(BBT). 

Group III: Normal control—20 apparently healthy age/sex matched (AHMC) 
female volunteers without history or clinical evidence of breast lesion drawn 
from hospital and university communities. 

Sampling was by self-selection consequent to the approval of the study proto-
col by the respective Hospitals Ethical Committee, informed written consent 
obtained from the individuals and exclusion criteria applied. Structured ques-
tionnaire on socio-demographic factors were served, explained and interpreted in 
local Igbo language for the patients that are not literate. Breast tumour patients who 
received any therapy prior to diagnosis (surgery/radiotherapy/chemotherapy), pre-
vious history of malignancy and history of any other medical illness, which 
would otherwise limit the survival of the patient in the absence of malignancy, 
were excluded. All patients underwent standard treatment modalities (neoadju-
vant or adjuvant chemotherapy, radiotherapy, chemoradiation, and/or surgery; 
depending on the stage of presentation. In breast cancer (BC) patients and be-
nign breast tumour (patients control groups), blood samples were collected be-
fore any form of treatment and two more samples at 3 and 6 months interval. In 
apparently healthy sex/age-matched control, one blood sample was taken from 
each participant. The samples were allowed to clot and retract, centrifuged at 
5000 rpm, serum separated and stored at −20˚C until analyzed. 
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2.2. Asay Methods 

IgG and IgM: Solid phase capture sandwich ELISA (kits sourced from Diag-
nostic Automation/Cortz Diagnostics, Inc., AccuDiagTM Cat# 1803-9, Calabasa, 
CA 91302, USA) were adopted for both IgG and IgM estimation. The molecules 
of IgG or IgM respectively are sandwiched between two monoclonal antibodies; 
one coated to the bottom of the wells of microtiter plates and the other linked to 
the horseradish peroxidase (enzyme conjugate). After incubation and washing, 
the enzymatic reaction develops a colour which is proportional to the amount of 
IgG or IgM molecules present in the assay.  

IgA: The immunoturbidimetric assay method was adopted (kit was sourced 
from Randox Laboratories, UK; Cat #1A2447) for IgA estimation. The principle 
is based on the turbidimetric specific reaction which occurs between the an-
ti-IgA polyclonal antiserum and its corresponding antigen in optimal pH condi-
tions and in the presence of polyethyleneglycol polymer (PEG). The change in 
turbidity of the immunocomplex is proportional to the concentration of the 
analyte in the sample. 

2.3. Statistical Analysis  

Data were analyzed using statistical package for Social Sciences (SPSS) software. 
Statistical significance was set at p < 0.05. Dunn’s multiple comparison tests and 
Kruskall-Wallis analysis of variance were applied for measuring the differences 
between disease and treatment groups. GraphPad prism version 6.0 (by Graph-
Pad, USA) was used for the graphs. 

3. Results 

The summary of the results statistic of different classes of immunoglobulins 
(IgG, IgM and IgA) levels across disease stages and treatment groups is pre-
sented in Table 1. At pre-treatment category the median values of IgG were 
10.33 g/L, 10.7 g/L, 9.65 g/L, 9.95 g/L for early stage breast cancer (ESBS), ad-
vanced stage breast cancer (ASBC), benign breast tumour (BBT) and apparently 
healthy matched control (AHMC) respectively. 

Mean pre-treatment IgG values of 10.33 ± 0.82 g/L, 11.29 ± 3.36 g/L, 9.9 ± 
0.64 g/L and 10.13 ± 0.6 g/L were recorded in ESBC, ASBC and BBT samples 
respectively against 10.13 ± 0.6 g/L observed in apparently healthy age/sex 
matched control group (normal range 5 - 18 g/L). Also mean serum IgG values 
at 3 months and 6 months ESBC were 10.19 ± 1.01g/L and 11.35 ± 3.42g/L 
compared to 10.26 ± 1.40 g/L and 10.19 ± 0.71 g/L recorded in ASBC respective-
ly. Likewise the IgM values did not differ significantly across the disease and 
treatment groups. Mean serum IgM values of 5.94 ± 2.94 g/L, 5.26 ± 1.90 g/L 
and 5.03 ± 2.03 g/L were observed in pre-treatment, 3 months and 6 months 
post-treatment in ASBC respectively. Similar normal and close ranges in mean 
values were seen inIgA across disease and treatment groups (Table 1). 

In comparison of different stages of disease stage and treatment groups, there  
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Table 1. Summary of Statistics for immunoglobulins level across disease and treatment 
groups. 

Category Variables Minimum Maximum Median Mean Std. Dev. SE 

Pre-treatment ESBC 

IgG 9.1 11.6 10.33 10.33 0.82 0.24 

IgM 2.3 7.4 4.68 4.68 1.39 0.40 

IgA 0.2 1.0 0.56 0.56 0.22 0.06 

3 months  
post-treatment ESBC 

IgG 0.88 12.22 10.19 10.19 1.01 0.29 

IgM 1.2 8.9 5.13 5.13 2.28 0.66 

IgA 0.2 0.9 0.56 0.56 0.23 0.07 

6 months  
post-treatment ESBC 

IgG 8.7 21.1 11.35 11.35 3.43 1.03 

IgM 2.2 8.2 4.69 4.69 1.65 0.50 

IgA 0.4 0.8 0.60 0.60 0.17 0.05 

Pre-treatment ASBC 

IgG 8.8 21.1 10.7 11.29 3.36 0.75 

IgM 2.3 13.2 4.80 5.94 2.94 0.66 

IgA 0.3 1.0 0.70 0.65 0.19 0.04 

3 months  
post-treatment ASBC 

IgG 6.7 13.1 10.35 10.26 1.40 0.31 

IgM 2.2 8.4 5.50 5.26 1.90 0.43 

IgA 0.3 1.0 0.65 0.67 0.20 0.05 

6 months  
post-treatment ASBC 

IgG 8.4 11.4 10.15 10.19 0.71 0.19 

IgM 1.6 7.8 4.95 5.03 2.03 0.54 

IgA 0.4 1.0 0.60 0.62 0.16 0.04 

Pre treatment BBT 

IgG 9.1 10.9 9.65 9.9 0.64 0.20 

IgM 2.8 6.1 5.40 5.21 0.95 0.31 

IgA 0.4 1.1 0.50 0.62 0.21 0.07 

3 months  
post-treatment BBT 

IgG 8.8 10.7 9.60 9.7 0.57 0.19 

IgM 4.8 6.1 5.20 5.43 0.55 0.18 

IgA 0.5 1.0 0.80 0.81 0.18 0.06 

AHMC 

IgG 9.1 11.0 9.95 10.13 0.6 0.19 

IgM 3.2 10.7 6.25 6.19 2.48 0.79 

IgA 0.3 0.7 0.50 0.49 0.12 0.04 

ESBC: early stage breast cancer, ASBC: advanced stage breast cancer, BBT: benign breast tumour, AHMC: 
apparently healthy matched control. 

 
were no significant difference (p > 0.05) in IgG, IgM and IgA respectively Fig-
ures 1-3). Similar results were recorded when the breast cancer cases were con-
densed into one group. 

The results of some demographic and anthropologic risk factors showed 
(Table 2) that the majority (59%) of breast cancer patients was diagnosed at ad-
vanced stage of the disease and the median age at diagnosis was 51 years with 
prevailing low level of education (66%) and low income (47%). Results also  
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Figure 1. Comparison of total serum IgG levels across the disease and treatment groups 
(P value = 0.57). Key: ESBC—Early stage breast cancer, ASBC—Advanced stage breast 
cancer, AHMC—Apparently healthy control, BBT—Benign breast tumour. 
 
Table 2. Categories of risk factors for breast cancer. 

Variable Level of risk for BC* n % 

Age at diagnosis (n = 59)    

35 - 45 years High 15 25 

≥46 years Medium 44 75 

<35 years Low 0 0 

History of breast cancer in family (n = 59)    

First-degree relative High 5 9 

Second-degree relative Medium 8 14 

No relative Low 46 78 

Educational level (n = 59)    

High level (Tertiary) High 20 34 

Low level (Primary & Secondary) Medium 39 66 

Income (n = 59)    

High class High 11 19 

Meddle class Medium 20 34 

Low class Low 28 47 

Body mass index (kg/m2)    

*>30 (highest quintiles) High (obese) 37 63 

27 - 30 (within quintiles) Medium 712  

**23 - 26 (low quintiles) Low 13 22 

***<23 (lowest quintile) Low 23  

*Evaluation according to interpretations for breast cancer risk factors and categories. *Overweight BMI 
category. **Desirable healthy BMI. ***Underweight BMI category. 
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Figure 2. Comparison of total serum IgM levels across the disease and treatment groups 
(P value = 0.86). Key: ESBC—Early stage breast cancer, ASBC—Advanced stage breast 
cancer, AHMC—Apparently healthy control, BBT—Benign breast tumour. 
 

 
Figure 3. Comparison of total serum IgA levels across the disease and treatment groups 
(P value = 0.11). Key: ESBC—early stage breast cancer, ASBC—advanced stage breast 
cancer, AHMC—apparently healthy control, BBT—Benign breast tumour. 
 
showed that 78% of the cases did not have any history of cancer in their families 
and 63% of the cases had body mass index values suggestive of obesity (>30 
kg/m2). 

4. Discussion 

The assay of serum immunoglobulins in human cancers has been reported by 
various workers such as carcinoma of cervix [21], pancreatic cancer [22], pri-
mary liver carcinoma [23], squamous cell carcinoma [24] and breast cancer 
[26]-[31], with varied findings and opinions. In oral cancer patients, previous 
investigations of serum immunogloblin levels showed an increase in IgM, IgA, 
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IgE, and IgG when compared with normal individuals. The work of Kemp et al. 
[21] contradicted the earlier finding and observed that serum IgG and IgA are 
not significantly elevated in oral cancers and hence not to be used as a good 
surrogate marker for diagnosis and prognosis. Increased levels of IgM in cancer 
patients have been found to correlate with the clinical stages. On the contrary a 
report from India [33] found no significant increase in IgM levels with progres-
sion of disease.  

Numerous responses of immune disturbances have been associated with 
breast cancer and immunoglobulins are produced not only by B lymphocytes 
and plasma cells but by other nonlymphoid lineage cells like cancer cells. This 
may explain the role of immune defect in immunoglobulin metabolism and pa-
thogenesis of breast cancer. Expression of different classes of immunoglobulins 
has been found to correlate with malignancy [25] [33] [34] and may be asso-
ciated with genesis, development and prognosis of the cancer as evidenced and 
recognized by the American Joint Committee on Cancer. Markedincreasein IgM 
was found in breast fluid in breast cancer patients prior to mastectomy with de-
crease in IgA and IgG levels [29] and IgG levels found to correlate with plasma 
cell infiltration [26].  

In this study serum immunoglobulins (IgG, IgM and IgA) were evaluated in 
women with malignant and benign breast conditions. Solid phase capture sand-
wich ELISA that has been found to be sensitive was used for the estimation of 
IgG and IgM while turbidimetric specific reaction which occurs between the an-
ti-IgA polyclonal antiserum and its corresponding antigen in optimal pH condi-
tions and in the presence of polyethyleneglycol polymer (PEG) was adapted for 
IgA. There were no statistical significant differences in total serum IgG, IgM and 
IgA across disease stages and treatment groups when compared. 

During cancer progression, the level of immunoglobulins and complements 
are altered markedly to compensate for changing environment of cancer cells. 
Variations have been found in the level of these defense proteins both in the 
blood and tissues concerned. Robert et al. [26] estimated the immunoglobulin 
levels (IgG, IgM and IgA) in protein extracts of malignant and benign tumour of 
breast and in normal tissues from cancer bearing breast. The serum levels of 
IgG, IgA, IgE and IgM pre-operatively and post operatively at 3 months, 1 year 
and 2 years were analyzed. Patients who have undergone modified radical mas-
tectomy for breast cancer showed alterations in serum immunoglobulin concen-
tration after receiving full cycle of chemotherapy. This is in disparity with the 
present findings though in different racial/ethnic background. We made use of 
more sensitive method for immunoglobulin estimation other than the immuno-
difussion method used by the previous researchers. 

Comparative analysis in serum immunoglobulin level between patient with 
breast cancer and benign breast disease were studied by other researchers [35] 
[36] with varied opinions. Schauenstein et al. [35] observed significant decrease 
in percentage IgG1 accompanied by an increase in percentage IgG2 in total se-
rum. In a similar work; Kronberger et al. [37] studied the diagnostic value of the 
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decrease in percentage of immunoglobulin G1 (%IgG1) in breast cancer with 
special emphasis on early tumor stages. The IgG1 and total IgG were preopera-
tively measured in the sera of a total of 801 individuals using a modified quan-
titative affinity chromatography. The differences in mean values were highly 
significant between the breast cancer, benign breast disease and apparently 
healthy control. They suggested that significant decrease of percentage IgG1 in 
total serum IgG was able to distinguish patients with breast cancer of more than 
5 mm in diameter from healthy controls and patients with benign breast diseas-
es.  

Most of these works were done on patients of different ethnic/racial and en-
vironmental background and this could possibly explain the different paradigm 
of the present study. Immunoglobulin subclasses were not however analyzed in 
this study to ascertain possible association with progression of breast cancer. 
There is need therefore for further work on the clinical utility of immunoglobu-
lin subclasses in the management of breast cancer.  

Despite the improvement in health facilities; most of the patients in this study 
presented at advanced stages of the disease when little or no benefit can be de-
rived from any form of therapy. This is indeed is worrisome and a major chal-
lenge and could be attributed to poverty, lack of free screening centers and ig-
norance giving room for incorporeal interpretation for such health problems. 
The knowledge, attitude and practice of breast cancer screening was previously 
studied by Chukwurah et al. [38] in the same environment and found to be poor. 
Unfortunately early detection through mammography, routine and self-breast 
examinations which are so effective in educated communities are seldom appli-
cable in poorly educated ones in whom the carcinomas commonly present late; 
intensive education and training of women groups by the government and 
non-governmental organization should be encouraged and extended to rural 
communities. 

The median age at diagnosis for the female breast cancer patients studied was 
51 years. This is similar to the reports in Nigeria [39], Anzanian women [40] and 
in African-Americans [41], but higher than 29.1 years found among Indian 
women [42]. The majority (75%) of the patients under study were 46 years and 
older at diagnosis, which is older than the age range of 35 to 45 years, found to 
be the typical age at diagnosis for most African women by various researchers 
[40] [43]. The age at the time of diagnosis determines risk (the earlier a woman 
develops a first primary breast cancer in her lifetime, the greater the risk of de-
veloping a second breast cancer [44]. Only 25% of the current patients were di-
agnosed before the age of 45 years which corresponds to a high risk for breast 
cancer recurrence. However, the age of studied subjects across disease groups 
did not differ statistically. This implies that screening for breast cancer ought to 
start at earlier age (25 years) in order to aim for early detection and treatment 
and thus a better probability of survival.  

A woman is at an increased risk if her blood relatives on either her mother or 
father’s side have had cancers of the breast [45] and/or ovaries [46]. The majori-
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ty (78%) of the patients in the present study reported having no relatives diag-
nosed with any type of cancer, which corresponds with a low risk [47]. Nigerian 
patients [48] and American women (both African-American and white) with 
breast cancer [49] were reported to be more likely to have a first-degree family 
history of breast cancer than their controls. Only 9% of the present patients had 
first degree relatives with cancer which placed them in a high risk category 
compared to 19.0% of Californian patients [50]. The reasons for low prevalence 
of first-degree and second-degree family history of cancer may be due to poor 
recording of deaths, tendency of secrecy regarding family history, incorporeal 
believe on every sickness and dirt of autopsy report on every patient that died in 
the hospital. Effort should be geared towards adequate information and educa-
tion of the populace on the importance of knowing the cause of every death and 
the implications in health policies and management. 

Level of education has been described a risk factor in breast cancer develop-
ment [51]. Findings in Filipino women [52] indicated that the risk is almost 
double for women who had received a tertiary education compared with those 
who received only a minimal education, or primary and/or high school certifi-
cates, since time spent in getting educated followed by building a career contri-
bute to delay in marriage and possibly conception [53]. The level of education 
has been suggested to affect other factors associated with breast cancer 
risk—including reproductive patterns (parity and age at first birth) and lifestyle 
behaviours (physical activity and diet) [51]. In this study the majority (66%) of 
the patients had a low level of education (defined in this study as having a pri-
mary or high school certificate) and thus a low risk for breast cancer develop-
ment. Similar results were also found among Bahraini women with breast cancer 
[54] where 78.0% had low levels of education.  

Level of income has also been associated with risk of breast cancer develop-
ment [55] (Samaras, 2010). In this study a low income level referred to a low or 
working class. About 47% of the study subjects had a low level of income placing 
them into a low risk category for breast cancer development. This finding is in 
disparity with only 9.0% found in Californian patients who had reported their 
status as “poor” (working class) or “lower middle” class [50]. Most of the low 
income patients also had a low education level (primary/high school certificate) 
and did menial jobs such as hawking, laborers, petit trading, messengers and 
cleaners. Approximately 34% of the current patients were of medium income 
class while only 19% were of high income placing them under high risk category.  

Obesity has been associated with increased risk of breast cancer [43] [48]. 
Central adiposity has a higher risk of breast cancer than fat distributed over the 
hips, buttocks, and lower extremities. The risk is increased through multiple 
hormonal and metabolic changes. Reports have shown variations in the preva-
lence of obesity in developing countries [43] [48] [55]. In the present study, most 
of the patients (63) presented with BMI above 30 kg/m2: placing them in high 
risk category for breast cancer.  
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The incidence of breast cancer in this environment is increasing. This is partly 
a result of the changing demographic profile, acquisition of “western” lifestyle, 
and the changing socioeconomic profile of the country. There is need therefore 
for shift in the overall structure of our dietary pattern, physical activities and 
overall health. 

There is need for development of measures for early detection of the disease 
through mass enlightenment and free breast cancer screening at all levels (tar-
geting women organizations and schools) and encouraging regular self-breast 
examination. The silent nature of breast cancer at onset makes it difficult to be 
detected early, demanding improved, sensitive and affordable screening proce-
dures. Advocacy and evidence based policies aimed at prevention through edu-
cation, nutrition; environmental and general health should be encouraged and 
prioritized.  

The prime limitation encountered was that of follow up for the repeat sam-
pling after various forms of treatment especially in patients with benign breast 
tumour were over 50% were lost before 6 months. Some patients resorted to un-
orthodox and spiritual healing and some traveled overseas. 

5. Conclusion 

Results suggest that serum immunoglobulin (IgG, IgM and IgA) levels are of li-
mited value in surveillance of breast cancer in our environment. Based on our 
findings, it could also be concluded that low level of education and low income 
are among the risk factors. Advocacy and evidence based policies aimed at pre-
vention through education, nutrition; environmental and general health should 
be encouraged and prioritized.  
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