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Abstract 

The aim of this study was to determine the serum concentrations of trace 

elements (Zn, Cu, Mn, Pb) and immunoglobulins (IgG, IgA & IgM) in lung 

cancer patients. The study was conducted among 45 lung cancer patients and 50 

age and gender-matched healthy volunteers. Flame atomic absorption 

spectroscopy method was employed to analyze the serum trace element 

concentrations, and turbidimetry method using immunoglobulin kit was used for 

the estimation of serum immunoglobulin levels. Results showed that the majority 

of the patients were literate and older married patients were smokers.  Compared 

to the control volunteers, they had significantly (P<0.05) lower BMI.  Serum 

concentrations of trace elements and IgG were found to be significantly (p<0.05) 

lower in the lung cancer patients.  In the cancer patients, the concentration of 

zinc, copper, manganese and lead were 0.028±0.007 mg/L, 0.029±0.027 mg/L, 

0.011±0.15 mg/L and 0.053±0.049 mg/L respectively, while these were 

1.14±0.27 mg/L, 1.15±1.09 mg/L, 0.44±0.59 mg/L and 2.209±1.885 mg/L, 

respectively in the healthy controls. IgG concentration was found to be 

14.96±3.92 g/L in lung cancer patients and 20.56±8.02 g/L in healthy volunteers. 

The concentrations of serum IgA and IgM were found to be unchanged. 

Correlative analysis suggested that serum lead value had a significant correlation 
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with age in the lung cancer patient (r ═ –0.369, p ═ 0.013). The decreased 

concentration of trace elements and IgG may have a prognostic significance for 

the detection of lung cancer. 
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Introduction 

 

Lung cancer is the most common 

malignancy in the world. Its overall 

5-year survival rate is only 14% (1), 

and it has not changed substantially 

over the past two decades (2) The 

global incidence of lung cancer is 

increasing with time. When 

advanced, these tumors are difficult 

to treat, and existing therapies often 

do not offer long-term disease 

control. The poor prognosis is 

largely due to lack of sufficient 

screening and early diagnostic tools 

to physicians. Currently the 

screening and early diagnosis of 

lung cancer relies mainly on chest 

X-ray, low-dose computed 

tomography, bronchoscopy, sputum 

cytology, and tumor markers 

including carcinoembryonic antigen 

(CEA), cytokeratin-19 fragments 

(Cyfra21-1), carbohydrate antigen 

19-9 (CA19-9), squamous cell 

carcinoma antigen (SCCAg) and 

neuron-specific enolase (NSE), etc. 

(3). All these methods, however, 

lack adequate sensitivity and/or 

specificity (4-7). Thus, there is an 

urgent need to search for more 

specific methods that would provide 

more specific information for 

screening and early diagnosis of 

lung cancer. Because of the marked 

heterogeneity of lung cancer (7), a 

panel of biomarkers for screening 

and diagnosis would be most 

appropriate.  Kinetic turbidimetric 

method for the immunochemical 

quantification of immunoglobulins, 

an innovative turbidimetry  

 

technology introduced by Skoug JW 

& Pardue HL in 1988 (8) has a new 

way to overcome many of the 

limitations of the above procedures 

(9-10).  

 

Since it is recognized that patients 

with lung cancer have defective 

immune responses       (11-12), 

different factors may contribute for 

the development of lung cancer. 

However, three-dimensional active 

conformation of some proteins 

namely thymidylate synthetase, 

dihydrofolate reductase, p53, p16, 

K-ras etc. are very important. Some 

metal ions act as a vital role to form 

the three dimensional protein 

structure (13). So conversion of 

active to inactive or inactive to 

active conformation of proteins may 

depend on some particular trace 

elements. Trace elements at 

optimum levels are required for 

numerous metabolic and 

physiological processes in the 
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human body (14). They play a part 

in the synthesis and structural 

stabilization of both proteins and 

nucleic acids. Therefore, imbalances 

in the optimum levels of these trace 

elements may adversely affect 

biological processes, and are 

associated with many diseases, such 

as cancer (15). Lacking or imbalance 

of these trace elements may cause 

lung cancer.  In view of these above 

investigations, the present study was 

designed to investigate the 

application of serum 

immunoglobulin profiling to 

distinguish lung cancer patients from 

a healthy population, and to 

determine the relationship of trace 

elements and immunoglobulins 

levels in lung cancer patients with 

their nutritional status and socio-

economic factors.  
 

Materials and methods 

 

Study subjects  

Forty-five lung cancer patients 

comprising 25 males and 20 females 

were randomly recruited from 

Ahsania Mission Cancer Hospital, 

Dhaka Medical College Hospital, 

Holy Family Red Cresent Hospital 

and Bangabandu Sheikh Mujib 

Medical University, Dhaka. Fifty 

healthy volunteers comprising 25 

males and 25 females were recruited 

purposively as control. Regarding 

patients, both small cell lung cancer 

(SCLC) and non-small cell lung 

cancer patients were identified as 

lung cancer patients. The study 

subjects were briefed about the 

purpose of the study and written 

consent was taken from each of 

them. Ethical approval was obtained 

from the Bangladesh Medical 

Research Council (BMRC).  

 

Socio-economic and smoking 

information were collected in a 

questionnaire. A routine physical 

check up such as organ activity, 

weight, nutritional condition, blood 

pressure was given to all of the 

patients by an oncologist. Socio-

economic information was recorded 

at the time of admission into the 

hospital. Anthropometric data 

(height and weight) and information 

on smoking habit were collected 

during hospitalization under the 

direct supervision of a lung cancer 

specialist.  

 

Blood analysis 

A 5ml venous blood sample was 

collected from the antecubital vein 

of each of the lung cancer patients 

and healthy volunteers in a sterile 

tube.  The blood was then allowed to 

clot and centrifuged for 15 min at 

3000 rpm to extract the serum. The 

serum was aliquoted   into eppendorf 

tubes and stored at 80° C for 

analysis of trace elements and 

immunoglobulins. 

 

Analysis of trace elements  

The trace elements (Zn, Cu, Mn, Pb) 

levels in both patients and controls 

were determined by using flame 
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atomic absorption spectrometry 

(Varian SpectraAA 220) according 

to the method of Falchuk Kh et. al. 

1990 (16). Samples were diluted by 

deionized water by a factor of 40.  

 

Immunoglobulin profiling 

The serum immunoglobulin (IgG, 

IgA and IgM) levels in both patients 

and controls were determined by 

turbidimetry method using 

immunoglobulin kit (Chronolab, 

Switzerland). In this method anti-

human antibodies were mixed with 

samples containing IgG, IgA and 

IgM that formed insoluble antigen-

antibody complexes. These 

complexes caused an absorbance 

change depending upon the 

immunoglobulin concentration that 

was quantified by a calibrator. The 

serum was diluted with saline (1:4), 

and 10 µl of the diluted serum was 

pipetted into microtitre plate. 

Separate microtitre plate was used 

for each of the immunoglobulins 

(IgG, IgM and IgA). Five (5) µl, 10 

µl, 25 µl, 50 µl and 75 µl calibrator 

protein were pipetted into marked 

wells of each of the microtitre plate 

for calibration. 230 µl of tris-buffer 

was then added into each serum-

containing well of the three plates. 

Ten (10) µl of tris-buffer was added 

to calibrator containing wells to 

make total volume 240 µl. The plate 

content was mixed well with the 

help of a vortex mixer. The diluted 

respective anti-human IgG, IgM and 

IgA (1:1 diluted with saline) were 

added to the wells of respective 

microtitre plates. The plates were 

incubated for 2 minutes (as specified 

in the kit procedure) to allow 

complete reaction of anti-human 

immunoglobulin with the test serum 

and calibrator protein. After proper 

mixing, absorbance was taken at 550 

nm for IgG and IgA and at 405 nm 

for IgM.  

Statistical Analysis  

SPSS software package (Version 

11.5, SPSS Inc. Chicago, USA) was 

used to analyze the data. Descriptive 

statistics were used for all variables.  

Values were expressed as 

percentage, mean and standard 

deviation. Comparison of trace 

elements and immunoglobulins of 

lung cancer patients and controls 

were performed by cross-table 

variables and independent sample t-

test. Correlative analysis was 

performed to find correlation of BMI 

and socio-economic factors on the 

serum trace element and 

immunoglobulin concentrations. 

 

Results 

Table 1 shows the socio-economic 

information of the lung cancer 

patients and control subjects. It was 

shown that the majority of lung 

cancer patients were literate (56%) 

with various professions having 

monthly income 109.53±70.44 US$, 

average age 52.3312.03 years and 

78% were found to be married. The 

mean BMI of patients was 

19.792.58, which was significantly 

(p<0.05) lower than that of the 
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control subjects (25.534.54).  The 

vast majority (84%) of the patients 

were smokers. 

 

Table 1: Socio-demographic status and chronic energy deficiency data 

(CED) of Lung cancer controls (n=50) and patients (n=45) 

 

 Patients Controls 

Parameter n % Mean±SD n % Mean±SD 

   Education       

           Illiterate 20 44.44 

 

18 36 

 
           Secondary (vi-x class) 12 26.67 9 18 

           Higher secondary 8 17.78 15 30 

Graduate and above 5 11.11 8 16 

   Occupation       

            Service 15 33.33 

 

16 32 

             Small business 18 40 22 44 

            House wife 12 26.67 12 24 

  Monthly income in US $       

            0-50 14 31.11 

109.53±70.44 

12 24 

97.53±60.62 

            51-100 16 35.56 14 28 

            101-150 6 13.33 9 18 

            151-200 6 13.33 8 16 

            201-300 3 6.67 7 14 

   Age in years       

            25-40 13 28.89 

52.33±12.03 

15 30 

52.86±13.21 
            41-50 12 26.67 12 24 

            51-60 14 31.11 15 30 

            61-80 6 13.33 8 16 

Smoking Behavior        

            Non Smoker 5 11.11 

 

8 16 

            Partial Smoker 22 48.89 24 48 

           Habituate  18 40 18 36 

  Marital status   

 

  

             Married 35 77.78 35 70 

           Unmarried 10 22.22 15 30 

   BMI       

          15.5-18.4 (CED) 13 28.89 

19.79±2.58 

4 8  

25.53±4.54 

 

          18.5-25.0 (Normal) 30 66.67 19 38 

         > 25.0 (Obese) 2 4.44 27 54 
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Serum trace element levels are 

presented in the table 2.  It was 

shown that compared to the control 

subjects, serum concentrations of 

trace elements were found to be 

significantly (p<0.05) lower in the 

lung cancer patients.  The 

concentration of zinc, copper, 

manganese and lead were 

0.028±0.007 mg/L, 0.029±0.027 

mg/L, 0.011±0.15 mg/L and 

0.053±0.049 mg/L in the lung cancer 

patients respectively, while these 

values were 1.14±0.27 mg/L, 

1.15±1.09 mg/L, 0.44±0.59 mg/L 

and 2.209±1.885 mg/L, respectively 

in the healthy controls. Serum IgG, 

IgA and IgM concentrations of lung 

cancer patients were 14.96±3.92 g/L, 

5.06±1.88 g/L and 5.33±2.24 g/L, 

which were 20.56±8.02 g/L, 

4.50±1.40 g/L and 4.49±2.44 g/L in 

control subjects respectively (table 

3).  It was indicated that there was a 

general trend of lowering of serum 

immunoglobulin IgG level in lung 

cancer patients. Serum IgG 

concentration was decreased 

significantly (p=0.021) in lung 

cancer patients.  The concentration 

of IgA and IgM were not changed 

significantly (P>0.05).  

 

Table 2: Serum trace elements levels of lung cancer patients (n=45) and 

healthy controls (n=50). 

 

 

Trace elements 

(mg/L) 

Patients Controls 

p- value 
n % Mean ±SD n % Mean ±SD 

Zn 

 

<0.03 

0.03-1 

> 1 

32 

13 

 

71 

29 

 

0.028±0.007 

 

18 

32 

 

36 

64 

1.14±0.27 
P= 

0.000 

Cu 

 

<0.03 l 

0.03-1 

> 1 

 

27 

18 

 

 

60 

40 

 

 

0.029±0.027 

 

13 

11 

26 

 

26 

22 

52 

 

1.15±1.09 

 

P= 

0.000 

Mn 

 

<0.03 

0.03-1 

> 1 

39 

6 

86.67 

13.33 

 

0.011±0.15 

 

24 

13 

13 

 

48 

26 

26 

 

0.44±0.59 

 

P= 

0.000 

 

Pb 

 

 

< 0.1 

0.1-3 

> 3 

 

42 

3 

 

93.33 

6.67 

 

 

0.053±0.049 

 

10 

23 

17 

20 

46 

34 

 

2.209±1.885 

 

 

P= 

0.000 
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Table 3: Serum immunoglobulins levels of lung cancer patients (n=45) and 

healthy controls (n=50). 

 

 

Immunoglobulins 

(g/L) 

Patients Controls 
p-value 

 n % Mean ±SD n % Mean ±SD 

 

IgG 

 

<15  

16-20  

> 20  

 

8 

17 

20 

 

18 

38 

44 

 

 

14.96±3.92 

 

11 

18 

21 

 

22 

36 

42 

 

 

20.56±8.02 

 

 

P= 0.021 

 

IgA 

 

2-4  

5-6  

>6  

 

6 

30 

9 

 

13 

67 

20 

 

 

5.06±1.88 

 

8 

31 

11 

 

16 

62 

22 

 

 

4.50±1.40 

 

 

P= 0.265 

 

IgM 

 

<3  

3-5  

> 5  

 

14 

23 

8 

 

 

31 

51 

18 

 

 

5.33±2.24 

 

19 

22 

9 

 

38 

44 

18 

 

 

4.49±2.44 

 

 

P= 0.762 

 

 

Correlation of serum trace elements 

and immunoglobulins in lung cancer 

patients with their socio-economic 

factors are presented in table 4. Only 

serum lead concentration of the 

patients was found to be influenced 

with the age of patients; in fact 

concentration of lead is negatively 

correlated with the age of cancer 

patients. There was no correlation 

between other parameters.   

 

Table 4. Correlation between different parameters in lung cancer patients (n 

= 45). 
 

  Pb Zn Mn Cu IgG IgM IgA 

BMI 

(kg/m
2
) 

r 0.013 0.019 0.048 0.106 0.024 0.055 -0.032 

 p 0.931 0.900 .752 0.490 0.877 0.720 0.836 

Income r 0.021 -0.009 -0.023 -0.156 -0.073 -0.247 -0.082 

 p 0.892 0.955 0.881 0.308 0.635 0.102 0.594 

Age r -0.369 0.134 0.203 -0.166 0.261 0.192 0.045 

 p 0.013 0.380 0.181 0.275 0.083 0.207 0.767 
 
r= Pearson Correlation 
p= Significance (2-tailed) 
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Discussion 

 

Serum trace elements level is used as 

diagnostic tool in cancer (17). 

Analysis of serum trace elements 

indicated a significant decrease in 

concentration of zinc, copper, 

manganese and lead.  Previous 

reports also found a decreased serum 

Zn level in lung cancer patients 

compared to controls, which is 

consistent with our present findings 

but some other reports also 

suggested a significant increase in 

serum Cu level in lung cancer 

patients which is contradictory with 

our findings. (18-20). Trace 

elements play an important role in 

maintaining three dimensional 

structure of some proteins such as 

thymidylate synthetase, 

dihydrofolate reductase, p53, p16, 

K-ras etc. (13). So it may be 

suggested that the decreased trace 

elements in the cancer patients may 

be because of the deformed protein 

structure. It is further noted that the 

deficiency of trace elements like 

zinc, selenium might be risk factors 

for the development of some cancers 

(21).  

Circulating immune complexes are 

detectable in the patients with 

carcinomas of the head and neck, 

stomach, rectum, external genitals, 

lungs, with Hodgkin's disease, and 

melanomas (22). Immunoglobulin 

levels are abnormal in all the 

aforementioned conditions. In 

pulmonary carcinoma, cancer of the 

head and neck, and Hodgkin's  

 

 

disease the concentrations of 

immune complexes and IgG 

correlate (22). Serum 

immunoglobulin analysis indicated 

that the concentration of IgG was 

decreased significantly in the lung 

cancer patients. Viramontes L, et. al. 

1989 (23) found decreased IgA 

concentration in lung cancer 

patients, which is contradictory with 

our findings. Previous study also 

suggested defective immune activity 

in cancer patients (11-12). Some 

investigators reported a positive 

correlation between the extent of 

metastatic breast cancer and the 

serum level of various 

immunoglobulins (24), particularly 

IgA.   

 

Conclusion. 

From socio-demographic data it was 

found that the mean BMI of lung 

cancer patients was significantly 

(p<0.000) lower than that of the 

control subjects, which is well 

predicted. Correlative analysis 

suggested a significant correlation 

between serum lead value and age of 

the patients. 
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