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Abstract 

Objective: To investigate the effect of interleukin-2 (IL-2) on the cytotoxic activity of natural 

killer (NK) cells in patients with chronic heart failure (CHF).  



Methods: NK cells were isolated from 48 patients with CHF and 30 healthy subjects.  The 

cytotoxic activities of the NK cells were assessed with thiazolyl blue tetrazolium bromide 

(MTT) approach.  IL-2 (20 ng/mL) was added to the cell culture to stimulate the cytotoxicity 

of the NK cells.  

Results: The cell number in the New York Heart Association (NYHA) class II, III and IV 

was 27.9±2.5, 21.2±2.7, and 16.8±2.6 cells/µl, respectively, which was significantly lower 

than in the control group (31.2±3.6 cells/µl, all P<0.01).  The cytotoxic activities in NYHA 

II, III and IV groups were 28.6±3.2%, 16.0±2.2%, and 12.1±2.9%, respectively, which was 

lower than in the control group (41.0±4.0%, all P<0.01).  Univariate analysis showed a close 

correlation between the NK cell cytotoxicity and the left ventricular ejection fraction (r= 

0.949, P<0.001).  After in vitro treatment with IL-2, there was a significant increase in the 

cytotoxic activity of the NK cells in the control and the three heart failure groups (all 

P<0.01).  

Conclusion: There is a significant reduction in the number and the cytotoxic activity of 

circulating NK cells in patients with CHF.  The degree of NK cell deficiency is closely 

related to the severity of left ventricular dysfunction.  In vitro treatment with IL-2 improves 

the cytotoxic activity of NK cell from the CHF patients.   
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Introduction 

Patients with chronic heart failure (CHF), have a higher risk of nosocomial infections, in 

particular respiratory infections.  In the last few years several immune system abnormalities 

have been noted in patients with CHF, including autoantibody production and abnormalities 

in tumor necrosis factor, interleukin 2, interleukin 6, helper/inducer lymphocytes and 



lymphocyte reactivity.1,2  Natural killer (NK) cells are a group of non–B, non–T lymphocytes 

that are essential to maintain normal immune system function.  Recent studies showed that 

the numbers of NK cells were lower in heart failure patients than in normal control.3,4  In 

addition, NK cells from patients with heart failure also exhibited impaired cytolytic functions 

in the absence of stimuli.4  

  Interleukin-2 (IL-2) is a secretory cytokine produced by activated T lymphocytes.5  The 

main function of IL-2 is to stimulate T cells, B cells, and NK cells to proliferate and release 

other cytokines.5  Clinical studies have demonstrated that exogenous human recombinant IL-

2 can be safely administered concurrently with potent antiretroviral agents to treat viral 

infections, such as HIV.6  This suggests that IL-2 may be used in other clinical conditions 

where the immune system is deficient.  To date, it is not clear if IL-2 has stimulatory effect 

on the circulating NK cells in patients with CHF.  The primary purpose of this study was to 

evaluate the number and function of circulating NK cells in patients with CHF, and to assess 

the effect of IL-2 on the cytotoxic actions of the NK cells.  

 

 

 

Materials and methods 

Patient selection   

    This study was approved by the institutional review board of the Liaocheng People’s 

Hospital.  Written informed consent was obtained from all participants. Hospitalized patients 

with established diagnosis of chronic heart failure and New York Heart Association (NYHA) 

functional class II-IV were selected from the Department of Cardiology at Liaocheng 

People’s Hospital.  All patients underwent thorough physical examination, blood 

biochemistry profiling, echocardiography and chest X-ray.  Exclusion criteria included: 1) 



Patients with any one of the following condition: autoimmune disease, type 1 diabetes, 

cancer, renal or liver dysfunction, infectious disease; 2) Patients receiving antibiotics, 

corticosteroids, dopamine or dobutamine for hypotension; 3) Rheumatic fever within 3 

months before the study, or myocardial infarction within 6 months before the study. 

    One hundred and thirty-eight patients were screened for the study between January 2004 

and December 2006.  Forty-eight patients met the criteria and were subsequently enrolled.  

The general characteristics of the selected patients are summarized in Table 1. 

    In addition, 30 healthy subjects who attended the hospital clinics for check up were 

recruited as normal control.  There were 18 males and 12 females, with an average age of 

53.4±6.4 (42-65) years.  There was no significant difference in the average between this 

control group and the CHF group (Table 1, P>0.05).  

 

Isolation of NK cells 

     NK cells were isolated directly from fresh peripheral blood mononuclear cells (PBMC).  

Venous blood samples (10 ml from each patient) were collected in the mornings and were 

kept in EDTA tubes.  PBMC (containing NK cells) were isolated from the blood samples via 

Ficoll Hypaque (Sigma) density gradient centrifugation and were subsequently washed with 

PBS 3 times.  Isolated CD56+ NK cells were >95% pure by fluorescence-activated cell 

sorting analysis.  The NK cells were cultured at 370C in RPMI 1640 supplemented with 10% 

heat-inactivated fetal calf serum and 100u/ml penicillin. 

    The concentrations of the PBMC were adjusted to 2×106/ml.  The cell solution (95μl) was 

transferred to a 96-well plate, which contains 1×106 PBMC cells per well. IL-2 (20 ng/mL) 

was added to the wells to stimulate the cytotoxicity of the NK cells.  

 
NK cytotoxicity assay  



    NK cell cytolytic activity was assessed by using the standard NK-sensitive K562 cell line.  

Target cells were prepared in a final concentration of 2×105/ml. Effector and target cells were 

combined at effector-to-target ratios of 50:1, 25:1, and 12.5:1 in 96-well plates.  Each group 

had three parallel wells.  A control group was also set up for each effector and target cell 

group.  

    The 96-well plates were incubated at 370C and 5% CO2 for 18 h.  Each well was then 

added with thiazolyl blue tetrazolium bromide (MTT, Sigma-Aldrich), and incubated for 

another 4 h.  The solution was then centrifuged at 2000r/min for 10 min.  DMSO 150 was 

added to each well which was followed by a gentle shaking for 5 min.  The optical density 

value of each well was measured on 570 nm emission with a microplate reader (Denley 

Dragon MK2, Finland).  The average value of three wells in each group was used. 

     The cytotoxicity was calculated as follows: Cytotoxicity (%) = [1-（A value of Reaction 

well– A value of effector cell control well）/A value of target cell control well ] ×100%。 

 
 

Statistical analysis 

Data were expressed as means ± SD.  SPSS 12.0 software was used for data analysis.  

Numerical data were analyzed with one-way ANOVA.  Categorical data were analyzed with 

Chi-square or Fishers exact test.  Univariate correlation analysis was performed with Pearson 

to assess the cytotoxic activies and the left ventricular ejection fraction.  P<0.05 was 

considered statistically significant. 

 

Results 

General findings 

    The left ventricular function of the control and heart failure patients is summarized in 

Table 2.  The left ventricular ejection fraction in the control group was higher than in the 



three heart failure groups (P<0.001).  The left ventricular ejection fraction in the NYHA class 

IV, was lower than in the class III and II (P<0.001).  

There was no significant difference in the type of medications used for heart failure 

between the three NYHA groups (P>0.05).  All patients were managed by a diuretic, an 

angiotensin-converting-enzyme inhibitor, and digoxin.  None of the patients were treated 

with β-blockers within 4 weeks prior to the study.  None had cardiac resynchronization 

therapy or received an implantable-cardioversion-defibrillator.  

 

Number of circulating NK cells 

    The number of NK cells in the three heart failure groups was lower than in the control 

group (Table 3, P<0.01).  The number of NK cells in the NYHA IV, was lower than in the 

other two NYHA groups (P<0.001).  Pearson correlation analysis showed that the number of 

natural killer cells was negatively correlated to the left ventricular ejection fraction (r= 0.873, 

P<0.001).  

 

Function of NK cells before and after IL-2 treatment 

    The cytotoxicity of NK cells in the heart failure groups were also lower than in the control 

group (Table 3, P<0.01).  There was a gradual reduction in the NK cytotoxicity as NYHA 

class increases (Table 3, P<0.001).  Pearson analysis showed a significant correlation 

between the NK cytotoxicity and the left ventricular ejection fraction (r= 0.949, P<0.001). 

Co-incubation of NK cells and IL-2 increased the cytotoxicity in both control and heart 

failure groups (all P<0.01, Table 3).  After IL-2 stimulation, the cytotoxicity was still 

correlated to the left ventricular ejection fraction (r= 0.944，P<0.001). 

 

Discussion 



    The major findings of the present study are: 1) There was a significant reduction in the 

levels of circulating NK cells in patients with CHF. The reduction is closely related to the 

severity of heart failure assessed by NYHA functional class; 2) The cytotoxic activities of 

NK cells in patients with CHF were significantly lower than in the healthy subjects. The 

deficiency in cytotoxicity was associated with the severity of left ventricular dysfunction; 3) 

In vitro treatment with IL-2 significantly enhanced the NK cell function in healthy subjects as 

well as in patients with CHF. 

    An earlier small study on 18 patients with heart failure found that NK activity was 

deficient in 50% of the patients with dilated cardiomyopathy, but not in heart failure caused 

by ischemic heart disease.3  This study also reported NK activity deficiency in a small percent 

of healthy controls.3  In a slightly larger study on 36 patients with heart failure and 31 age-

matched control subjects, it was found that the number of circulating T lymphocytes and NK 

cells was lower in heart failure patients than in the control.7   The extent of the NK cell 

reduction was similar in patients with idiopathic and ischemic heart failure, but the reduction 

was more pronounced in patients with NYHA class III-IV than in class I-II.7  A more recent 

study reported that out of 15 heart failure patients, 6 had reduced cytotoxic activity in NK 

cells, which failed to respond to the stimulation of IL-2 and interferon-alpha.8 In the other 9 

patients, the NK cell function and their responses to IL-2 and interferon-alpha were similar to 

the normal controls.8  There was no relationship between the NK cell deficiency and the 

etiology of the heart failure.8  Our study, which had a patient sample that is larger than the 

previous reports, found a significant reduction in the number of circulating NK cells, as well 

as their cytotoxic activities during left ventricular dysfunction.  A strong correlation between 

the reduction in NK cell function and the left ventricular ejection fraction was detected before 

and after the IL-2 treatment.  



    The signaling pathways of NK cell deficiency during heart failure are not entirely clear.  

Physical exercise seems to increase the number of circulating T lymphocytes and NK cells in 

healthy subjects, but not as much in patients with CHF.7  Administration of a selective β2-

agonist terbutaline for several days, was found to reduce the exercise-induced increase in 

circulating NK cells by more than 35%.7  Conversely, patients treated with a β-adrenergic 

receptor blocker metoprolol had an increased percentage of circulating T lymphocytes and 

NK cells.9  Therefore, it is likely that sympathetic activities (via β-adrenergic receptors) 

mediate the reduction in circulating T lymphocytes and NK cells in CHF patients. 

    In contrast to T lymphocytes which may play a role in the development of dilated 

cardiomyopathy or heart failure, 10,11  NK cells are important in host defense against 

intracellular pathogens, in particular viruses.12,13  NK cells are activated early in viral 

infection, prior to T cell activation, enabling a full host response to the invading pathogens.3   

Therefore, the correction of NK cell deficiency in CHF patients may help to protect patients 

against infections.  IL-2 activates NK cells by stimulating the IL-2 receptors, inducing NK 

cells to proliferate, secrete cytokines and lyse target cells or pathogens more effectively.14,15   

In the present study, coincubation of IL-2 and PBMC significantly increased the cytotoxicity 

of NK cells from healthy subjects as well as in patients with CHF.  The enhancement of NK 

cell function was observed in all levels of left ventricular dysfunction, but the improvement 

in patients with moderate heart failure was greater than in those with severe heart failure.  

    In summary, a significant deficiency in the number and function of circulating NK cells 

was present in patients with CHF.  The deficiency was clearly related to the severity of left 

ventricular dysfunction.  In vitro treatment with IL-2 improves the cytotoxic activities of NK 

cells from healthy subjects and from patients with heart failure.  In vivo studies may be 

required to assess whether IL-2 treatment in patients with CHF could improve the numbers 



and the function of circulating NK cells, reducing the prevalence of infection in these 

patients. 
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Table 1. General characteristics of patients with heart failure. 

Characteristics Values 

Age (years) 56.9±8.5 (42-71) 

Sex (male) 27 (56.3%) 

Etiology of heart failure  

  Ischemic heart disease 19 



  Hypertension 17 

  Dilated cardiomyopathy 9 

  Rheumatic heart disease 3 

NYHA  

  II 16 

  III 15 

  IV 15 

NYHA: New York Heart Association function class. 

  



Table 2. Comparison of left ventricular ejection fraction between two groups. 

  Group                 LV ejection fraction (%) 

Control (n=30)             61.5 ±4.61 

NYHA II (n=16)            53.63±4.19▲ 

NYHA III (n=17)           48.29±4.83▲■ 

NYHA IV (n=15)           36.27±4.25▲■* 

▲P<0.001 compared with Control; ■P<0.01 compared with NYHA II;  

*P<0.01 compared with NYHA III. 

 

  



Table 3. Comparison of natural killer cell (NK) number and activity before and after IL-2 

treatment. 

  Group           NK numbers      NK activity        NK activity  

                   (cells/µl)       Before IL-2 (%)      After IL-2 (%)       

Control (n=30)       31.2±3.6        41.0±4.0            83.9±9.6 

NYHA II (n=16)      27.9±2.5▲       28.6±3.2▲                54.6±7.3▲ 

NYHA III (n=17)     21.2±2.7▲■      16.0±2.2▲■               45.7±6.5▲■ 

NYHA IV (n=15)     16.8±2.6▲■*     12.1±2.9▲■*         16.2±4.2▲■* 

▲P<0.01 compared with Control; ■P<0.01 compared with NYHA II; *P<0.01 compared  

with NYHA III.   

 
 


