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Background: Natural killer (NK) cells are important components of adaptive and innate immune responses. NK cell subsets have 
different functions and may play a role in vascular disorders. This study aimed to evaluate the proportions of NK cells and their subsets 
to determine whether they can be used as markers of venous thrombosis and to identify whether there was a link between NK cell 
proportion and citrullinated histone (H3) levels.
Patients and Methods: This study included 100 participants divided into Group I (n=50, patients with deep venous thrombosis 
(DVT)) and Group II (n=50, age- and sex-matched healthy controls). Group I was further categorized into Group Ia (n=25, patients 
with acute DVT) and Group Ib (n=25, patients with chronic DVT). The proportions of NK cells and their subsets were evaluated by 
flow cytometry using CD3/CD16/CD56. The levels of citrullinated histones (H3) were estimated using enzyme-linked immunosorbent 
assay (ELISA).
Results: Compared to the control group, DVT patients had a significantly lower proportion of (CD56 dim/CD16+) NK cells, 
a significantly higher proportion of (CD56-/CD16+) NK cells and a high level of citrullinated histone (H3).
Conclusion: NK cell subsets and citrullinated histone (H3) could be used as markers for DVT and as targets for therapeutic drugs to 
inhibit the formation or progression of thrombosis.
Keywords: natural killer cell, natural killer cell subsets, citrullinated histone, deep venous thrombosis

Introduction
Venous thromboembolism (VTE) is the third most common cardiovascular disease affecting approximately 2% of the 
population. VTE is a critical condition that may result as a complication of many diseases such as cancer, major trauma, 
surgery, and systemic diseases. Therefore, VTE is considered an economic health problem worldwide.1–3

An important mechanism in the pathogenesis of VTE is the formation of neutrophil extracellular traps (NETs), which 
increase the risk of VTE threefold. NETs are composed of circulating nucleosomes and neutrophil granule proteins 
released in a net-like manner.4

Neutrophil extracellular traps are considered prothrombotic factors because they can activate both intrinsic and 
extrinsic pathways of the coagulation cascade. They initiate the activation of the intrinsic pathway by activating factor 
XII via its polyanionic surface. They activate the extrinsic pathway by binding to tissue factor.5,6

In addition, histones involved in NETs formation stimulate thrombin generation by platelets and promote the 
secretion of von Willebrand factor from endothelial cells, facilitating the adhesion of leukocytes and platelets.7
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Although the mechanisms underlying NET release have been described, the triggers for their formation in VTE are not 
well understood. Previous studies have shown that interferon-γ (IFN-γ) stimulates NET formation. IFN-γ is a proinflammatory 
cytokine, which has a major role in VTE pathogenesis. IFN-γ stimulates NET formation in vivo and in vitro.8

One of the innate immune responses is that of natural killer cells (NK), which are a source of cytokines and 
chemokines that influence adaptive immune responses. NK cells are among the major IFN-γ producers; thus, they are 
major participants in NET formation.9,10

Animal models have shown that the depletion of NK cells leads to a reduction in NET formation within thrombi. This 
consequently proves that NK cells promote venous thrombosis through IFN-γ-dependent NET formation.11

The objective of this study was to correlate the proportions of NK cells and NK cell subsets with citrullinated histone 
H3 as a NET indicator in patients with deep vein thrombosis (DVT), as this may provide more details on the triggers of 
NET formation and provide a solution to decrease the risk of thrombosis.

Patients and Methods
Selection of Participants
A case-control study was conducted on 100 individuals at Al-Zahraa University Hospital who were divided into Group 
I (n=50, patients diagnosed with DVT) and Group II (n=50, apparently healthy individuals serving as controls). Group 
I was further subdivided into Groups Ia (n=25, acute DVT) and Ib (n=25, chronic DVT).

Calculation of Sample Size
Since there have been no previous studies on the association between the percentage of NK cell subsets and DVT published to our 
knowledge, we carried out a pilot study on 30 individuals (15 DVT patients and 15 controls) to determine the sample size. Data 
from the pilot study showed that the minimum sample size needed was 40 participants in each group, with the power set at 80% 
and α error at 0.05. The final sample size was 50 DVT patients and 50 healthy controls.

Inclusion Criteria
Patients were selected and diagnosed with DVT according to the reported criteria.12 The patients were divided into acute and 
chronic DVT groups based on history, duration of the insult, and physical examination. Diagnosis of DVT type and discrimination 
between DVT and other diseases with the same symptoms were confirmed by radiological examination using venous duplex 
ultrasonography.

Exclusion Criteria
Patients with congenital thrombophilia, antiphospholipid syndrome, superficial thrombophlebitis, malignancy, menopau-
sal replacement therapy, or estrogen hormone contraceptive pills were excluded from the study. Patients with vein 
thrombosis at any site other than the lower limbs were also excluded.

Ethical Consideration
This study was conducted in accordance with the World Medical Association Helsinki Declaration for Human Subjects. 
This study was approved by the Institutional Review Board (IRB) of our university (Al-Azhar University Review Board, 
study code 1136, December 1, 2021), and all participants provided written informed consent.

Assessment and Procedures
Each individual involved was subjected to a full clinical and radiological examination as well as the following investigations:

(A) Routine laboratory investigations including complete blood count (CELL-DYN Ruby, Abbott, USA), coagulation 
profile (Stago STA, Stago Diagnostica, USA), and D-dimer levels (Cobas 6000, Roche, Germany).

(B) Estimation of serum levels of human citrullinated histone (H3) by enzyme-linked immunosorbent assay (ELISA) 
using a Bioassay Technology Laboratory kit (Cat No E7533Hu, Lot No 202205001, Zhejiang, China).
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(C) Estimation of the proportions of NK cells and NK cell subsets using flow cytometry.

Immunophenotyping was conducted using ten-colors Navios Ex (Beckman Coulter, Marseille, France) and Navios 
software with the following monoclonal antibodies: FITC-conjugated CD3, PE-conjugated CD16, and APC-conjugated 
CD56 (Immunotech, Beckman Coulter, Marseille, France, Lot No. 200084, 200096, and 200065, respectively).

Titration experiments were performed to determine the optimal concentration of each antibody. The flow cytometry 
data were determined as the proportion (%) of cells expressing the markers.

Unstained samples were acquired after modifying the sample count (100,000 events) to detect autofluorescence.

Gating of NK cells (Figure 1)
(a) Lymphocytes were gated using the forward scatter/ side scatter characteristics.
(b) (CD3-) lymphocytes were gated using CD3 FITC/SSC.
(c) NK cell subsets were identified by quadrant analysis using CD16 PE/ CD56 APC and categorized as follows:

(Bright CD56) NK cells, (CD56 dim/ CD16+) NK cells and (CD56-/CD16+) NK cells.

(A) (B)

Figure 1 Representative dot plots showing gating of lymphocytes using forward scatter/ side scatter characteristics (FSC/SSC), gating of (CD3-) population, and different 
natural killer (NK) cell subsets. Dot plots showing: (A) a case of DVT, and (B) a sample of healthy control group.
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Statistical Analysis
Statistical package for social sciences, version 23.0 (SPSS Inc., Chicago, Illinois, USA) was used to analyse the data. 
Normality tests were conducted using the Kolmogorov–Smirnov and Shapiro–Wilk tests. For normally distributed quantita-
tive data, the mean and standard deviation were used, whereas the median and interquartile range were used to define non- 
normally distributed variables. Based on the normality of the data, two groups were compared using the independent-samples 
t-test or Mann–Whitney U-test, and more than two groups were compared using one-way ANOVA or Kruskal–Wallis test.

Receiver operating characteristic (ROC) curve analysis was performed and Youden’s index was used to select the 
optimal cut-off value for the markers. Spearman´s correlation was used to detect the strength of the association among 
continuous variables. Statistical significance was set at p <0.05.

Results
This study included 100 individuals categorized into two groups: Group I (n=50): DVT patients (29 men and 21 women) ranging 
in age from 25 to 68 years with a mean age of 42.9 ± 8.7 years, and Group II (n=50): age- and sex- matched healthy controls (20 
men and 30 women) ranging in age from 24 to 62 years with a mean age of 42.2 ± 10.2 years. Group I was further subdivided into: 
Group Ia (n=25): acute DVT (13 men and 12 women) ranging in age from 25 to 68 years with a mean age of 42.4 ± 9.5 years, and 
Group Ib (n=25): chronic DVT (16 men and 9 women) ranging in age from 31 to 60 years with a mean age of 43.4 ± 8.1 years.

Results of Laboratory Parameters of the Study Participants (Table 1)
There was a highly significant increase in absolute monocyte count (p<0.001), prothrombin time (p<0.004), international 
normalization ratio, activated partial thromboplastin time, D-dimer levels, and citrullinated histone (H3) (p< 0.001 for 
all). Furthermore, Group Ia showed a highly significant increase in both D-dimer and citrullinated histones (H3) 
compared to Group Ib, and Group Ib compared to the control group (p <0.001).

Proportions of NK Cells and NK Cell Subsets Detected by Immunophenotyping 
(Table 2 and Table 3)
Comparison Between Group I and Group II (Table 2)
There was no significant difference in the proportion of NK cells between Groups I and II. Regarding NK cell subsets, 
when comparing Groups I and II, there was a highly significant decrease in the proportion of (CD16+/CD56 dim) NK 

Table 1 Results of Different Laboratory Parameters of the Study Participants

Parameters Group I (n=50)  
(Mean ± SD)

Group II (n=50)  
(Mean ± SD)

p-value

Total leucocytic count (X 109 / L) 7.7±3.3 7.3±1.9 0.5

Absolute neutrophil count (X109 / L) 4.3±2.7 3.9±1.4 0.3

Absolute lymphocyte count (X 109 / L) 2.5±0.9 2.8±0.9 0.1

Absolute monocyte count (X109 / L) 0.7±0.3 0.6±0.2 <0.001*

Hemoglobin (g/dL) 12.2±2.6 13.6±1.3 0.001*

Platelet count (X109 / L) 257.8±89.4 254±58.3 0.8

Prothrombin time (PT) (seconds) 14.2±2.9 12.9±0.4 0.004*

International normalization ratio (INR) 1.3±0.4 1±0.02 0.000*

**Activated partial thromboplastin time (APTT) (seconds) 57.5(42.3) 33(6.3) 0.000*

**D-dimer (ng/L) 1.5(3.25) 0.3(0.1) 0.000*

**Citrullinated histone (H3) (ng/mL) 45.2(42.5) 15(5.3) 0.000*

Note: *p-value <0.05, **Data is expressed as median (IQR). 
Abbreviations: SD, standard deviation; PT, prothrombin time; INR, international normalization ratio; APTT, activated partial thromboplastin time.
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cells (p<0.001) and a highly significant increase in the proportion of (CD16+/CD56-) NK cells (p<0.001). The proportion 
of (CD56 bright) NK cells did not differ significantly between the two groups.

Comparison Between Groups Ia, Ib, and II (Table 3)
Both groups Ia and Ib showed a highly significant increase in the proportion of (CD16+/CD56 dim) NK cells and 
a highly significant reduction in the proportion of (CD16+/CD56-) NK cells (p<0.001) compared to the control group. 
There was a highly significant increase in the proportion of (CD56 bright) NK cells among all the groups (p<0.001), 
which was highest in Group Ia followed by Group II and Group Ib.

Correlation Between Citrullinated Histones (H3) and the Proportions of NK Cells of 
the Total Lymphocytes and NK Cell Subsets (Table 4)
There was no significant correlation between citrullinated histones and any of the proportions of NK cells or NK cell 
subgroups, except for a significant positive correlation between citrullinated histones (H3) and the proportion of (CD56 
bright) NK cells (r = 0.3 and p = 0.02).

Table 2 Proportion of Natural Killer (NK) Cells and NK Cell Subsets of the Study Participants

Parameters Group I (n=50) 
(Mean ± SD)

Group II (n=50) 
(Mean ± SD)

p-value

Proportion of natural-killer (NK) cells of total 
lymphocytes (%)

10.9±4.5 11.3±3.6 0.7

Proportion of NK cell subgroups (%)

Proportion of (CD16+/CD56 dim) NK cells 53.9±14.9 70.8±11.1 <0.001*

Proportion of (CD16+/CD56-) NK cells 38.1±17.4 24.4±9.8 <0.001*

**Proportion of (CD56 bright) NK cells 0.95(2.4) 1.5(1.3) 0.5

Note: *p-value <0.05, **Data is expressed as median (IQR). 
Abbreviations: NK, natural killer, SD, standard deviation.

Table 3 Comparison Between the Two Subgroups and the Control Group Regarding the Proportion of 
Natural Killer (NK) Cells and the Proportion of Their Subsets

Parameters Group Ia (n=25) 
(Mean ± SD)

Group Ib (n=25) 
(Mean ± SD)

Group II (n=50) 
(Mean ± SD)

p-value

Proportion of natural-killer (NK) 
cells of total lymphocytes (%)

11.1±5 10.9±4.2 11.3±3.6 0.9

Proportion of NK cell subgroups (%)

Proportion of (CD16+/CD56 dim) 
NK cells

55.4±17.5 52.3±11.8 70.8±11.1 0.000*

P1=0.000* P2=0.000* P3=0.4

Proportion of (CD16+/CD56-) NK 
cells

34.2±20.5 41.9±12.8 24.4±9.8 0.000*

P1=0.005* P2=0.000* P3=0.05

**Proportion of (CD56 bright) NK 
cells

2.3(3.4) 0.6(0.7) 1.4(1.3) 0.000*

P1=0.08 P2=0.000* P3=0.001*

Notes: P1: differences between Group Ia (acute DVT) and Group II. P2: differences between Group Ib (chronic DVT) and Group II. P3: 
differences between Group Ia and Group Ib. *p-value <0.05, **Data is expressed as median (IQR). 
Abbreviations: NK, natural killer, SD, standard deviation.
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Results of the ROC Curve to Discriminate the Power of Citrullinated Histone 
(H3) and NK Cell Subsets for Distinguishing Cases and Controls (Figure 2)
The ROC curve revealed that citrullinated histones (H3), the proportion of (CD16+/CD56 dim) NK cells and the 
proportion of (CD16+/CD56-) are sensitive and specific markers for distinguishing between DVT cases and 
controls.

(A) (B) 

(C)

Figure 2 The output data of the receiver operating characteristic (ROC) curve to discriminate the power of: (A) citrullinated histone (H3), (B) proportion of (CD16 
+/CD56 dim) natural killer (NK) cell subset, (C) proportion of (CD16+/CD56-) NK cell subset, to distinguish between cases and controls.
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Discussion
NK cells are an important element of the immune system´s adaptive and innate responses.10 They are defined as (CD3-/ 
CD56+) cells, as detected by immunophenotyping. Peripheral blood NK cells can be divided into two subsets: (CD56 
bright) NK cells (the minor compartment of peripheral blood NK cells with immunomodulatory functions and poor 
killing ability) and (CD56 dim/CD16+) NK cells (terminally differentiated NK cells, which constitute the major 
compartment of peripheral blood NK cells that secrete variable cytokines).13–15

A third compartment of NK cells is detected as (CD56-/CD16+) NK cells, which increase during certain pathological 
conditions, such as autoimmune disorders and viral infections.16

In addition to chemokine secretion, engagement of CD16 is enough to induce IFN-γ and tumor necrosis factor-α 
secretion. Downregulation of CD56 and acquisition of CD16 are characteristics of NK cell maturation.17

In this study, we aimed to determine the proportion of different NK cell subgroups and the level of citrullinated 
histone (H3), a marker of NETs, in the peripheral blood of DVT patients as well as to investigate whether there was any 
relationship between NK cells and NK cell subsets and citrullinated histone (H3).

Our study found no significant difference in the proportion of NK cells in total lymphocytes between patients and the 
control group or between patients with acute DVT, chronic DVT, and the control group.

Regarding NK cell subtypes, patients with DVT showed a highly significant decrease in the proportion of (CD56 dim/ 
CD16+) NK cells compared to the control group, in addition to acute and chronic cases showing a decrease in the same 
subset compared to the control group. In contrast, DVT patients showed a highly significant increase in the proportion of 
(CD56-/CD16+) NK cells compared to the control group, and acute and chronic cases showed an increase in the same 
subset of NK cells compared to the control group. The ROC curve also demonstrated that the proportions of (CD56 dim/ 
CD16+) and (CD56-/CD16+) NK cells were sensitive and specific markers for discrimination between DVT cases and 
the control group.

To the best of our knowledge, no study has investigated the proportion of NK cells and NK cell subsets in DVT; 
however, some studies have investigated other vascular abnormalities such as coronary heart disease and pulmonary 
embolism.

Our study agrees with that of Hak et al, who discovered that patients with coronary heart disease had lower 
proportions of (CD3-/CD56 dim) NK cells than the control group, suggesting that there is an impairment of the NK 
cell compartment in coronary heart disease. In contrast, the proportion of NK cells in the peripheral blood of the studied 
individuals decreased. This may be attributed to the fact that their study included elderly individuals with a mean age of 
63 years and that old age affected the number and function of NK cells.17

The same results were obtained by Duan et al, who reported that the number of (CD56+/CD16+) NK cells decreased 
in individuals with pulmonary embolism compared to that in the control group, illustrating a strong relationship between 
vascular thromboembolism and immune dysfunction.18

This agrees with the results of Zheng et al, who showed a decrease in the percentage of (CD56 dim/ CD16+) NK cells 
in pulmonary embolism. Therefore, they suggested that the impairment of NK cell function plays a significant role in the 
development of acquired vascular thromboembolism.19

Table 4 Correlation Between Citrullinated Histones (H3) and the Natural Killer (NK) Cell Proportion of the Total Lymphocytes and 
NK Cell Subgroup Proportion

Variables Proportion of Natural- 
Killer (NK) Cells of 
Total Lymphocytes

Proportion of 
(CD16+/CD56-) NK 

Cells

Proportion of (CD16 
+/CD56 dim) NK 

Cells

Proportion of 
(CD56 bright) 

NK Cells

R p -value R p -value r p -value r p -value

Citrullinated histone (H3) (ng/mL) −0.2 0.1 −0.01 0.9 −0.05 0.7 0.3 0.02*

Notes: P >0.05 non-significant, *P<0.05 significant. 
Abbreviation: NK, natural killer.
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Regarding citrullinated histone (H3), a highly reliable and specific marker for NETs, which are a major contributor to 
the development of thrombosis,20 there was a highly significant increase in citrullinated histone (H3) in DVT cases 
compared to the level in the control group that could be used as a specific and sensitive indicator of DVT.

Liu et al, found that citrullinated histone (H3) was increased in patients with DVT (developed after fractures) and 
concluded that NETs could be used as a diagnostic marker for traumatic DVT.21

This agrees with the results of Mauracher et al, who found an increased concentration of citrullinated histone (H3) was 
associated with an increased risk of cancer-associated thrombosis, which explains the role of NETs in the pathogenesis of 
thrombosis.22

According to Bertin et al, NK cells are implicated in the pathogenesis of DVT through the production of NETs, as evidenced 
by the protection of mice from DVT after the ablation of NK cells. Furthermore, the depletion of NK cells in mice inhibited the 
release of NETs.11 For this reason, we wondered whether there was any association between the proportions of NK cells and NK 
cell subsets and the concentration of citrullinated histone (H3) in humans. However, there was no significant association between 
the level of citrullinated histone (H3) and the proportion of NK cells or NK cell subsets, except for a significant positive correlation 
with (CD56 bright) NK cells in individuals with DVT. The difference between this study and ours may be attributed to the fact that 
immune functions might differ significantly between mice and humans, especially NK cell function and regulation. Moreover, the 
function of NK cells and their subsets may be correlated with citrullinated histone (H3) rather than with their percentage.

One of the limitations of this study is that it did not involve checking NK cell function in DVT patients or whether the 
secreted cytokine levels might differ in DVT patients.

Conclusion
We concluded that both the proportion of NK cell subsets and the citrullinated histone (H3) level varied in patients with 
DVT compared with those in the control group, as well as in acute and chronic cases compared to those in the control 
group. Moreover, a strong relationship exists between vascular thromboembolism and immune dysfunction. Therefore, 
they could be used as specific and sensitive diagnostic markers for DVT as targets for new strategies for the treatment of 
DVT; drugs that inhibit NET formation or facilitate NET degradation may be used in the treatment of DVT. In addition, 
controlling the imbalance in the proportion of NK cell subsets in DVT may help prevent or treat DVT.

Abbreviations
VTE, Venous thromboembolism; NETs, neutrophil extracellular traps; IFN-γ, interferon-γ; NK cells, natural killer cells; 
DVT, deep vein thrombosis; IRB, Institutional Review Board; ELISA, enzyme-linked immunosorbent assay; FSC/SSC, 
forward scatter/ side scatter; PT, prothrombin time; INR, international normalization ratio; APTT, activated partial 
thromboplastin time; ROC curve, receiver operating characteristic curve; AUC, area under the curve.
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