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 Lung cancer is found to cause the inactivation of cytotoxic T 

lymphocytes (CTLs) and natural killer (NK) cells which are mostly 

found in the peripheral blood mononuclear cells (PBMC) and prevent 

host resistance to lung cancer growth. Thus, by knowing whether there is 

a decrease in PBMC count in lung cancer patients, immune cell therapy 
can be considered to increase host resistance towards lung cancer 

growth. PBMC samples from 3 lung cancer patients and 3 non-lung 

cancer patients were taken from Klinik Hayandra database with patient’s 

informed consent. PBMC were then counted and calculated for their 

viability and proportion with Trypan Blue Staining. PBMC proportion is 

significantly lower (p=0.002) in lung cancer patients (402,500) than 

patients without lung cancer (1,465,000). PBMC viability is significantly 

lower (p=0.015) in lung cancer patients (95.97%) than control group 

(98.84%). A significant decrease was found in both PBMC proportion 

and viability in patients with lung cancer than the control group. 

 

 

 

   

 

This work is licensed under a Creative Commons Attribution Non-Commercial 4.0 

International License. 

 

 

1. INTRODUCTION 

Lung cancer refers to cancer that arises from the epithelium in the lung parenchyma or bronchi [1], [2]. 

Lung cancer has always been the most prevalent cancer with the highest mortality rate since 1985. It has 

accounted for 13% total cases of cancer or around 1.6 million cases and 18% cancer-related deaths or 1.4 

million deaths worldwide in 2008. Its incidence trend is also showing a worrying trend with an increase of 
51% cases worldwide for the last three decades [2]. A comparison between 2008 and 2012 has shown an 

increase in new cases of lung cancer from 1.6 million in 2008 to 1.8 million new cases in 2012 [3]. More 

than half of the cases occur in middle- and low-income countries [4]. Not only an increase in new cases, it 
has also shown an increase in deaths from 1.4 million in 2008 to 1.6 million lung cancer-related deaths in 

2012 [3]. In Asia, it had been found that there were 926,436 deaths in 2012 which means that more than half 

of the deaths worldwide were from Asia. Furthermore, the region with the highest burden of lung cancer is 

found to be in South-East Asia [5]. In Indonesia, a study conducted in Dharmais Cancer Hospital from 
2010-2013 has shown that lung cancer is the second highest cancer-related deaths after breast cancer and the 

third most prevalent cancer-related cases after breast cancer and cervical cancer [6]. Another study 
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conducted in Indonesia in 2018 found that lung cancer is still the third most prevalent cancer-related cancer 

with 30,023 new cases or 8.6% of all new cancer-related cases in 2018 [7]. There are many risk factors 
affecting high prevalence of lung cancer in Indonesia. One of the main risk factors that contribute to both 

the high prevalence and high mortality rate of lung cancer is smoking [8]. High prevalence of lung cancer in 

Indonesia is associated with the high proportion of Indonesian males smoking with an estimation of 63% 

Indonesian males smoke [9], [10]. A study conducted in Indonesia has also found that 80% of men with lung 
cancer are heavy smokers [11]. Cigarette smoke either passive or active smoke can cause mutations of 

epidermal growth factor receptor (EGFR) and Kirsten rat sarcoma viral oncogene homologue (KRAS) 

which is a common sign in lung cancer [12]. Besides cigarette smoke, environmental air pollution, 
occupational carcinogens, mutations and single-nucleotide polymorphisms are also the risk factors affecting 

lung cancer [2]. Like other cancers, lung cancer impairs immune responses. Cytotoxic T lymphocytes 

(CTLs) and natural killer (NK) cells which are found in the peripheral blood mononuclear cells (PBMC) and 

usually activated for anticancer defense are suppressed by the tumor microenvironment that impairs the 
function of antigen-presenting cells (APCs); regulatory T lymphocytes (Tregs) which inhibit the function of 

CD4+ and CD8+ lymphocytes; the increased release of cytokines such as transforming growth factor beta 

(TGFβ) which inhibits NK and CD8 cells functions and enhances differentiation of T helper (Th) cells to T 
helper type 2 (Th2) cells which mostly produce interleukin-4 (IL-4) that inhibits host immune system [13- 

15]. This implies that CTLs and NK cells are not activated for anticancer defense. On the other hand, the 

importance of high number and activity of CTLs and NK cells in dealing with lung cancer have been shown 
in previous studies [16], [17]. Thus, knowing the decrease of PBMC count in lung cancer patients can be 

used as a background to consider immune cell therapy, so this study would like to know PBMC count in 

lung cancer patients. 

 

2. MATERIALS AND METHODS 

 

2.1. Source of PBMC 

Inclusion criteria are patients around 50-85 years old willing to be a donor with advanced stage primary lung 

cancer. Exclusion criteria is smoking patients. Peripheral blood mononuclear cells (PBMC) samples from 3 

lung cancer patients and 3 patients without lung cancer were taken from Klinik Hayandra’s database and 
part of Klinik Hayandra’s service. Samples were taken with patient’s informed consent. 

 

2.2. Ethical Approval 

The research related to human use has been complied with all the relevant national regulations, institutional 

policies and in accordance the tenets of the Helsinki declaration, and has been approved by the authors’ 

institutional review board or equivalent committee. Bioethical committee approval no. KET-
32/UN2.F1/ETIK/PPM.00.02/2020. 

 

2.3. PBMC Isolation 

PBMC were isolated from patients’ whole blood through the following steps: 4 mL of patient’s was diluted 

with 4 mL of sterile phosphate buffer saline (PBS) (Sigma, St. Louis, USA) (blood to PBS ratio was 1:1). 

Mixture of PBS and blood was homogenized. 4 mL of Ficoll-Paque was inserted into 15 mL of sterile tube 
(Corning, New York, USA). Mixture of PBS and blood that was homogenized was then inserted into the 

tube containing Ficoll-Plaque slowly through the side of the tube. Two layers were then formed with the top 

layer (blood and PBS) and the bottom layer (Ficoll-Paque). It was then centrifuged with a speed of 2500 
rpm for 10 minutes with acceleration of 7 rpm and deceleration of 1 rpm. Four layers were formed after 

centrifuge with the top layer consisted of plasma, the second layer consisted of buffy coat (PBMC), the third 

layer consisted of Ficoll-Paque solution, and the fourth layer consisted of red blood cells. The top layer was 

then removed and the second layer which consisted of buffy coat (PBMC) was moved to a new sterile tube. 
PBMC which had already been moved was then washed by adding PBS solution until the volume reached 

10 mL. The mixture of PBMC and PBS was then centrifuged with a speed of 300xg with acceleration and 

deceleration of 7 rpm for 10 minutes. Washing was done twice until clean PBMC was acquired in the form 
of pellet. PBMC was then given 1 mL of PBS for counting. 
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2.4. PBMC Count and Viability Calculation with Trypan Blue Staining 

PBMC suspension was homogenized before sample was taken. Homogenized PBMC suspension of 10 μL 
was pipetted and mixed 10 μL of trypan blue. Suspension of PBMC and trypan blue was then moved to the 

side of the hemocytometer and the suspension was then allowed to flow below the glass lid. The excess 

mixture was then cleaned without pulling the glass lid from the bottom of the hemocytometer. PBMC count 
and viability was then observed with light microscope with 10X magnification of objective lens (OPTIKA, 

Ponteranica, Italy).  

 

Cells in the four areas were counted with a maximum count duration of 3 minutes. Calculation of live cells 
used the following formula: 

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑐𝑒𝑙𝑙𝑠 =
𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑙𝑖𝑣𝑒 𝑜𝑟 𝑑𝑒𝑎𝑑 𝑐𝑒𝑙𝑙𝑠

4 (𝑐ℎ𝑎𝑚𝑏𝑒𝑟𝑠)
 𝑥 𝐷𝑓 𝑥 104 𝑥 𝑐𝑒𝑙𝑙 𝑠𝑢𝑠𝑝𝑒𝑛𝑠𝑖𝑜𝑛 𝑣𝑜𝑙𝑢𝑚𝑒 

Df: dilution factor 

Calculation of cell viability used the following formula: 

𝐶𝑒𝑙𝑙 𝑣𝑖𝑎𝑏𝑖𝑙𝑖𝑡𝑦 =
𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑙𝑖𝑣𝑒 𝑐𝑒𝑙𝑙𝑠

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑙𝑖𝑣𝑒 + 𝑑𝑒𝑎𝑑 𝑐𝑒𝑙𝑙𝑠
𝑥100% 

 

2.5 Statistical Analysis 

Statistical analysis to show the significance of age between control group and lung cancer group was done 

using independent T-test with p<0.05 showing a significant difference. Statistical analysis to compare 

PBMC count and PBMC viability between the control group and lung cancer group was done using LSD 

post-hoc test of one-way ANOVA with p<0,05 showing a significant difference. 

 

3. RESULTS 

The demography of the patients we conducted research on was 5 females and 1 male. The control group 
which was patients without lung cancer consists of 3 females with an average age of 58 years old. The lung 

cancer group which was patients with late phase lung cancer consists of 2 females and 1 male with an 

average age of 73 years old. Statistical analysis has been done and result has shown that there is no 
significant difference between the two groups (p=0.263) which means the selection of sample was done 

correctly. The demography of the patients can be seen on table 1. 

 
Table 1. Demography of patients 

Code Age Sex Stage  Disease 

L-1 84 F 4 Lung cancer 

L-2 76 M 4 Lung cancer 

L-3 59 F 4 Lung cancer 

N-1 60 F - Normal 

N-2 63 F - Normal 

N-3 51 F - Normal 

 

The result of PBMC isolation is illustrated in figure 1. The top layer is the plasma layer which also consists 

of platelets. The second layer is the buffy coat or PBMC layer which consists of lymphocytes and 
monocytes. The third layer is the separation medium which is Ficoll-Paque. The last layer consists of 

polymorphonuclear cells and erythrocytes. The layer of PBMC in the heparin tube is seen thicker in the 

control group than the lung cancer group. Descriptively by seeing, this suggests that PBMC count is lower 
in lung cancer group than the control group. 
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Figure 1. PBMC isolation results between lung cancer group and control group 

 
The results have shown that PBMC count of lung cancer group is lower than the control group (Figure 2). 

The average PBMC count of lung cancer group is 402.500 while the average PBMC count of the control 

group is 1.465.000. Statistical analysis has shown a significant difference between the two groups 

(p=0.002). Viability of PBMC in lung cancer patients is also lower than the control group (Figure 3). The 
average viability of lung cancer patient of 95.97% and the average viability of control group of 98.84%. 

Statistical analysis of viability has shown a significant difference between the two groups (p=0.015). 

 

 
Figure 2. PBMC count of lung cancer group and control group (*p=0.002) 
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Figure 3. Viability of PBMC in lung cancer group and control group (*p=0.015) 

 

4. DISCUSSION 

Normal PBMC count of adult is around 800,000 to 3,200,000 cells/mL blood. The control group average 

PBMC count is 1,465,000 cells/mL blood which is still in the range of normal adult PBMC count. This 

shows that the selection of control group was done accurately. It can also be seen that the average PBMC 
count of lung cancer group (402,500) is below the normal range of PBMC count in normal group [16], [18]. 

As for viability, it can be considered normal if it’s above 70% [17], [19]. The average viability of the control 

group is 98.84% which proves that the isolation method was done accurately and 95.97% for the lung cancer 
group. Although the PBMC viability of the lung cancer group can be considered as normal, it can be 

inferred that there is a decrease in viability compared to the control group. The decrease of PBMC count and 

viability in lung cancer patients is thought to be caused by many factors. One of the mechanisms which 

activate the cytotoxic effect of lymphocytes is through the binding of B7 molecule in the APC with its 
receptor, CD28. However, the increased expression of fork head box P3 (Foxp3) molecule in lung cancer 

cells and in tumor infiltrating lymphocytes (TIL) is considered to inhibit the activation of cytotoxic effectors 

[14], [18], [20]. An increase of FOXP3+ Tregs in peripheral blood and tumor tissue is found in patients with 
lung cancer. Foxp3 protein expression is found to be essential for Treg suppressor function [19], [21]. Foxp3 

protein helps Treg suppressor function by targeting the gene encoding CTLA-4 which causes a constitutive 

expression on Tregs. CTLA-4 is a receptor which is 30% homological with CD28 and has a stronger affinity 
to costimulatory molecules. Due to CTLA-4 properties, it can block CD28 which results in a decreased 

activation of cytotoxic effectors, the decreased production of interleukin-2 (IL-2) which is necessary for T 

cells proliferation and differentiation, and the increase production of TGFβ which inhibits the differentiation 

and proliferation of T cells [14].  Foxp3 protein expression in lung cancer cell is found to be higher than 
normal lung tissue. Studies have also shown that lung cancer cell expresses a high level of Foxp3 protein to 

imitate Treg function which improves tumor escape and progression [18], [21]. The second possible cause 

of the decreased PBMC count and viability is due to the decreased expression of microRNA-34 (miR-34) 
that is regulated by p53 tumor suppressor gene. The role of miR-34 is to inhibit the expression of 

programmed death-ligand 1 (PD-L1) by binding to the 3’ mRNA end of PD-L1. By having a decreased 

expression of miR-34 means an increased expression of PD-L1. The increased expression of PD-L1 

increases the probability of PD-L1 binding to a coinhibitory T cell surface protein called programmed death 
protein-1 (PD-1). Activation of PD-1/PD-L1 pathway increases the production of sarcoma homology region 

2 domain-containing phosphatase-1 (SHP-1) and sarcoma homology region 2 domain-containing 

phosphatase-2 (SHP-2) which will disrupts T cell receptor (TCR) signaling, inhibits the interaction between 
T cells and dendritic cells (DCs), and induces the differentiation of Th1 cells into Tregs. This results in the 

suppression of T cells [22- 24]. 

 
Another possible cause of the decreased PBMC count and viability is the constitutive overexpression of 

cyclooxygenase-2 (COX-2) in lung cancer. Cyclooxygenase-2 is an enzyme that produces prostaglandin E2 

(PGE2). The problem with COX-2 is that its overexpression causes its product, PGE2, to be overproduced. 

Overproduction of PGE2 is found to induce expression of FOXP3 in both CD4+CD25+, CD4+CD25- T cells, 
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and the enhancement of suppressive function of CD4+CD25+ regulatory cells. A study has shown that the 

increase of PGE2 amplifies Treg cells suppressive function in a dose-dependent manner which means that 
PGE2 production plays a key role in the decrease of PBMC count and viability [20], [25]. 

 

5. CONCLUSION 
PBMC count in the lung cancer group is lower than the control group and below the normal range of PBMC 

count. As for the viability, the lung cancer group has lower viability than the control group although the lung 

cancer group is still in the normal range of PBMC viability. 
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