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Natural killer’s cytotoxicity test accepted as a “gold standard“ for measuring natural 
killer’s function. However it is methodologically difficult for introduction in routine diagnos
tic practice. In our previous study, we showed a prognostic clinical significance of immune 
parameters when they are out of a optimal range (accentuated). In contrast, balanced 
“not accentuated” immune parameters associated with favorable clinical outcome. In this 
study, we attempted to explain the disparity of the accentuated but immunologically nor-
mal natural killer’s parameters that might serve as negative clinical prognostical biomar
kers indicative of failed pregnancies. We have analyzed number natural killers %, their 
cytotoxicity, and their reciprocal correlation in 8,664 patients with reproductive failures. 
We found an elevated natural killer’s cytotoxicity in a significant part of infertility popula-
tion. An elevated natural killer’s cytotoxicity was significantly more often registered in pa-
tient with multiple reproductive failures (41.6 %) detected in patients with uncomplicated 
infertility (18.7 %). In the entire clinical population, % of natural killers correlates with their 
cytotoxicity. Interestingly, we found this correlation was strongly dependent on status of 
natural killer’s levels. Natural killer’s % – natural killer’s cytotoxicity correlation was stron-
gest (r = 0.2021, p < 0.0001) in patients’ group with high amount of natural killers % 
(> 17.5 %). Patients with amount of natural killers % between 15–17.5 % manifested lower 
but significant correlation of natural killer’s % – natural killer’s cytotoxicity (r = 0.1213, 
p = 0.0155). Additionally, a significant correlation (r = 0.2689, p < < 0.0001) between 
natural killer’s % and natural killer’s cytotoxicity was observed in patients group with 
natural killer’s levels of < 7 % (1.7–7.3 %). While, patient groups with natural killer’s % 
(7.3–15 %) did not demonstrate correlation of natural killer’s % – natural killer’s cytotoxi
city. Consistent with our hypothesis, the “balanced zone” of natural killer’s % is tightly 
controlled and, thus, does not correlate directly with cytotoxicity. In contrast, the “accen-
tuated zones” of natural killer’s % escape this control and directly affected cytotoxicity. 
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INTRODUCTION
Natural killer cells (NK cells) are a subset of non-B, non-T peripheral blood lympho-

cytes that play a crucial role in the human innate immune responses [34]. NK cells 
represent an “evolutionary bridge” between innate and adaptive immunity [29]. They 
mediate a cell contact-dependent cytolysis of target cells, including those expressing 
foreign major histocompatibility complex (MHC) molecules, immunoglobulin-bound an-
tigens, virally infected cells, and tumor cells. The function of NK cells is important for  
clearance of tumor cells [19] for the removal of immunoglobulin-bound antigens, and for 
the control of viral infections [20]. 

The role of NK cells in reproductive processes, such as implantation, trophoblast 
invasion, and spiral artery remodeling, is important but still poorly understood [23]. The 
accumulating evidence links elevation NK cells with unfavorable pregnancy outcomes 
in women [1, 3, 8]. NK function are decreased in healthy pregnant women [17], and in-
dividuals with primary immune deficiencies. Recent progress in development of conve-
nient methods for quantitative and functional assessment of NK cells might help defi
ning their role in reproductive development and other clinically important mechanisms. 
For example, activity of NK cells has been established as an important indicator for 
predicting patient outcomes in certain pathologies [13, 15, 17, 30].

Peripheral blood NK lymphocytes belong to highly heterogeneous population of 
cells that differ in expression of surface ligands, a repertoire of KIR receptors, ability to 
secrete cytokines, and cytotoxic responses. All these NK cells share the ability to ex-
press CD56 in the absence of CD3 [9, 21].The heterogeneity of NK subsets is a major 
contributor to their multi-functionality. This population is named after the cytotoxic reac-
tion measured by the NK assay against HLA-negative K562 cell line, yet only a part of 
NK cells manifested cytotoxicity. In previous study, we demonstrated that only a subset 
of peripheral blood NK lymphocytes is able to respond to the K562 cells and only a frac-
tion of this subset determines levels of NK cytotoxicity of the entire population [10]. The 
amount of active NK cells vary from individual to individual and their function can be 
easily modulated. The amount of these cells tightly correlates with actual NK cytotoxi
city [11]. We also showed that balanced “optimal” counts of this fraction strongly corre-
lated with a successful embryo implantation in IVF stimulation cycle. Whereas a misba
lance of NK activity (decreased or increased active NK counts) negatively impacts the 
embryo implantation in IVF patients [14]. Interestingly, total NK cell counts did not cor-
relate with such clinical outcomes. Instead, NK quantity seemed to convert to NKc indi-
rectly via a functional subset of active NK cells – “the NK activity coefficient”. 

In this investigation, we analyzed correlation associations between NK cytotoxicity 
and NK frequency and its dependence upon NK cytotoxicity and NK lymphocytes levels-
status. 

MATERIALS AND METHODS
Study design. In a retrospective study, laboratory data of observation of 4,886 

women that underwent routine immunology investigation after IVF failure or pregnancy 
failure were analyzed. Immunologic investigation was conducted March 2008 – October 
2018. Peripheral blood was investigated 1–3 months after last IVF cycle or 3–6 months 
after last pregnancy failure. Patients were under 39 years (average 31.2), and had at 
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least 1 incidence of the idiopathic IVF failure (average 2.32) or at least 1 incidence of 
the idiopathic first trimester pregnancy failure (average 2.04). Patients had no supple-
mental treatment with immunoglobulins or corticosteroids last 3 months. None of pa-
tients had active autoimmune disease or autoimmune disease in history. None of pa-
tients had active infection during at least 3 weeks. All patient signed an informed con-
sent form before being enrolled in the study (approved by the biomedical ethics commit-
tee of Institute of Pediatrics, Obstetrics and Gynecology, National Academy of Medical 
Sciences of Ukraine (N 6 17/12/2012) and Clinical immunology and allergology commit-
tee of Ministry of Health (N 11 14/02/2013) according to WMA Declaration of Helsinki). 
Peripheral venous blood samples were drawn by venipuncture for Immunological stud-
ies (NK frequency and NK cytotoxicity) that were carried out in the Laboratory of Immu-
nology, Institute of Paediatrics, Obstetrics and Gynaecology of the National Academy of 
Medical Sciences of Ukraine (Kyiv, Ukraine). 

For study of NK cytotoxicity distribution, laboratory data of 9,535 individuals from 
similar clinical group were analyzed. All investigations were performed in 5 h period af-
ter blood samples were drawn.

Flow cytometry of lymphocyte subsets. Lymphocyte subsets were identified by 
three-color flow cytometry of lymphocytes in erythrocyte-lysing whole blood staining by 
FITC-, PE- or PE-Cy5-conjugated monoclonal antibodies (BD Bioscience, San Jose, 
USA). Stained samples were lysed, washed and analyzed by FACScan flow cytometer 
using CellQuest software (BD Bioscience, San Jose, USA). Number of NK lymphocytes 
was calculated as % of CD3-CD56+ lymphocytes (include CD56++ subsets). 

NK cytotoxicity assays. Briefly, a total 2×106 PBL of were purified from peripheral 
blood of patients by Histopaque1077 (Sigma) gradient and washed by the PBS. Flow cy-
tometry at NK cytotoxicity assay (FCA) used in actual study was described previously [11]. 
We used CMFDA (Molecular Probes, Eugene, Oreg. USA) labeling for K562 cells. Dead 
cells observed after 4 h incubation, were labeled by the propidium iodide. Less than 5 % 
spontaneous lysis of target cells was observed. We used 50 % permeabelized K562 cul-
ture for targets-gate correction. 100 µL of target cells were permeabelized by 50 µL etha-
nol (96 %). After 10 sec wortexing, 100 µL of PBS, 100 µL of unaffected targets were 
added. The obtained suspension consisted of 50 % alive and 50 % permeable cell. Indi-
vidual cytotoxic activity was calculated as cytotoxicity % (ET ratio 15/1 as average from 
levels at 20/1 and 10/1). Inta-laboratory normal levels was obtained of 90 % CI calculated 
for 74 healthy fertile women with a subsequent normal pregnancy development [3]. 

Statistical analysis. The statistical analysis of the results was performed using 
Fisher’s Exact Test (unpaired, non-parametric, two-sided P value) and the Spearman 
and Pearson correlations (In Stat version 3.0 for Windows Graph Pad Software Inc., 
San Diego, CA, USA). 

RESULTS AND DISCUSSION
Distribution of values. We analyzed a distribution of NK lymphocytes levels in 

4,886 patients and determined that the average content was 12 %, typical for healthy 
Caucasian women [16, 27]. Only 1.9 % of patients had NK levels >26.1 %; and 4.6 % 
had NK levels < 4.8 % (Fig. 1, A). According to clinical reference values [3, 4, 5] for 
patients with favorable implantation and pregnancy prognosis (5.5–21 %) a decreased 
NK% was observed in 5.1 % patients and increased NK % – in 6.2 % of the investigated 
patient population.
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NKc and NKc average levels were also comparable to results published by other 
groups [7, 17]. Distribution of both have a notable trend towards increased, as well as 
decreased values. According to our clinical references for patients with favorable im-
plantation and pregnancy prognosis [3, 4, 5], we showed that 13.1 % of patients have  
a decreased NKc, whereas, 19.4 % patients had increased NKc levels (Fig 1, B). Ele-
vated NKc was registered in patients with multiple reproductive failures (IVF failures of 
pregnancy failures), significantly more often 41.6 % compared to patients with uncom-
plicated previous (24.4 %) and secondary infertility (18.7 %), as well as compared to 
patients with only one incidence of pregnancy failure.

Correlations. Consistently with our previous reports [11] a the frequency of NK 
lymphocytes in the whole clinical population strongly correlated with NK cytotoxicity  
(r = 0.447, р< 0.0001) (Fig. 2, A). We did not find a significant correlation between NK 
counts and NK cytotoxicity in the group of patients with “normal NK levels”. In contrast, 
this correlation was strong in groups of patients with decreased or increased NK fre-
quency. To investigate this phenomenon, we divided the population into groups (n = 700) 
according to the individual NK-lymphocyte counts (Fig. 2, B). We found strong NK %-NKc 
correlation (r = 0.167, p < 0.0001) in patients group with high NK % (> 17.5 %). Lower, 
also significant correlation, was observed in patients with NK % between 15 and 17.5 % 
(r = 0.121, p = 0.0155). The absence of NK %-NKc correlation was observed in the pa-
tients groups with following NK % (12–15 %), (12–10 %), (10–8 %) and (8–7.3 %). How-
ever, strong correlation between NK %-NKc re-appears in the groups of patients with 
NK levels < 7.3 % (7.3–6.3) and (1.7–6.3 %) (r = 0.269, p < < 0.0001) (Fig. 2, B).

Thus, we detected that NK%-NKc correlation depends on NK levels status. Here, 
we showed that variation in quality status of NK population plays an important role in 
correlative association with their cytotoxic activity. Thus, quantitative changes within ac-
centuated zones affect the quality of associative character in NK%-NKc and its impact 
on clinical outcomes. 

NK frequency and NK cytotoxicity are significant parameters that determine clinical 
outcomes. Recently, several independent groups showed that individuals with elevated 
NK lymphocytes levels and NK cytotoxicity have lower risk and better clinical outcome 
in case of viral infections and oncology diseases compared to patients with lower NK % 
and NKc levels [25, 26, 28, 30]. A growing number of data [1, 3, 8, 35] suggest a link 
between abnormal NK % and NKc and reproductive failure.

Despite these results a question still remains: which are the normal (optimum) levels 
of NK? An additional layer of complexity come from the fact that NK % varies dependently 
on gender, ethnical, and racial backgrounds [2, 6, 11, 27, 33]. NK % and NKc levels is in-
creased in males compared to females. This difference is significant in a reproductive age. 
These differences become less pronounced in females over 40. [7, 16], while NK % and 
NKc levels are markedly decreased in pregnant women. That is why, NK system attracts 
special interest in the field of immunology of reproduction. It is accepted that NK cells play 
a critical yet poorly defined role in reproductive processes such as implantation, tropho-
blast invasion, and spiral artery remodeling [23]. An elevated NK cell frequency [1, 35], 
cytotoxicity [24], and imbalance between inhibitory and activating receptor expression on 
NK cells [3, 5, 12, 14] are each associated with different reproductive failures. Several 
groups proposed to define “reproductive normal values” of NK frequency [1, 8, 18]. Follo
wing values were suggested as reference points < 12 %, < 15 % or < 18 %, respectively, 
as favorable values for implantation and normal pregnancy outcome. In contrast, elevated 
NK counts were suggested as indicators of increased risk of reproductive failure in women. 
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Fig. 1.	 Distribution of number of natural killer lymphocytes (A) and natural killer cytotoxicity (B) in patients 
groups:. А – natural killer (CD56+CD3-) cells % from all lymphocytes (n = 2,804); B – natural killer 
cytotoxicity (E/T 15/1) was measured by FC natural killer assay against K562 (n = 9,535).

	 * – normal value for pregnancy prognosis [1]; ** – normal value for pregnancy prognosis [8, 18]; *** – 
favorable value for implantation and pregnancy prognosis (5.5–21) [3–5]; **** – referent values for 
young caucasian women (4.8–26.1 %) [16, 27]; @ – favorable value of our laboratory for implantation 
and pregnancy prognosis (12.5–41 %) [3–5]

Рис. 1.	Розподіл рівнів природних кілерних лімфоцитів (А) і цитотоксичної активності природних кілерних 
лімфоцитів (В) серед пацієнтів: А – кількість природних кілерів як % (CD56+CD3-) клітин від усіх 
лімфоцитів (n = 2804); В – цитотоксичність природних кілерів за співвідношення ефектор/мішень 
(15/1) визначали методом проточної цитометрії протипухлинної лінії K562 (n = 9535).

	 * – oптимальні значення для успішного перебігу вагітності [1]; ** – oптимальні значення для 
успішного перебігу вагітності [8, 18]; *** – oптимальні значення для імплантації ембріона й успіш-
ного перебігу вагітності (5,5–21) [3–5]; **** – референтні межі для молодих здорових жінок (4,8–
26,1%) [16, 27]; @ – oптимальні значення для імплантації ембріона й успішного перебігу вагіт-
ності (12,5–41 %) [3–5]
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Fig. 2.	 Correlation between number and cytotoxic activity of NK in total population (n = 8,864) (A), and in 
separate zones divided according to number of NK (B)

Рис. 2.	Кореляція між кількістю й цитотоксичною активністю природних кілерів у загальній популяції 
(n = 8864) (A) та в окремих зонах, поділених за кількістю природних кілерів (B)

Undoubtedly, the predictability of prognosis using NK frequency, as well as the role 
of elevated NK % in reproductive outcome, are still under debate [31, 32]. Many investi-
gators agree that measurement of functional activity of NK cells is very important for 
clinical prognosis [34]. However, limited affordability, complexity and lack of standardiza-
tion were the main reasons that this marker is still not a part of the routine clinical diagnos-
tics. In contrast, characterization of NK phenotype markers is much easier and possesses 
comparable clinical utility. It was shown that misbalance between NK expression of KIR 
receptor or activation ligands is associated with reproduction failures [22, 31].
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In this study, we demonstrated that different qualitative states of NK population have 
different correlative associations with cytotoxicity. The absence of correlation between 
NK % and NK cytotoxicity was found in the moderate-to-normal zone of NK frequency. 
Thus, in these zone, counts of NK cells do not directly determine cytotoxicity. Instead, NK 
lymphocytes counts in the moderate-to-normal zone are sufficient and compatible with 
the generation of any NKc levels. Associations between NK % and NKc is more quantita-
tive. Within the balanced “normal” zone, level of NK cytotoxicity rather than NK frequency 
is determined by proportions of active subsets. This regulatory mechanism adjusts NKc 
to the actual (necessary) situation, reversing the role of the NK frequency in these zones. 
Here, in the “normal zone”, NK numbers do not directly equate to NKc. In contrast, the 
accentuation of NK through inflammation-affectation results in decreased/increased NK 
numbers and deregulation of the clonal population balance. Affectation of regulatory 
mechanisms results in a direct impact of NK frequency on cytotoxicity. Thus, quality di-
rectly determines functional quantity. Therefore, it is possible that increase or decrease in 
NK frequency is regulated mostly by proportions of cytotoxic NK subsets. 

Increased NK % and NKc is the first unfavorable accentuation marker displayed du
ring reproductive development [1]. Previously, we showed that some accentuations have 
negative predictive value for implantation and pregnancy outcome. A majority of those 
outcomes were associated with NK surface markers expression and their activity and  
among them, NK accentuations possess bilateral features. A decreased as well as an in-
creased CD8, CD158 expression and CD69 activation proved to be predictive of the nega
tive clinical outcome [10–14]. In contrast, in the case of T-lymphocytes – negative predic-
tive markers were increased (HLADR, CD56, CD158) or decreased (CD4 levels) [3–5].

CONCLUSION
Reproductive disturbances of the immune genesis are not often accredited to general 

clinical status, but rather a situational combination of adverse immunological – physio
logically – genetic factors. Therefore, it is not always true that the genetic mother-fetus 
combination and the functional state of a female patient are independent predictive mar
kers of unfavorable outcome. Thus, fertility can only be confirmed by the onset of preg-
nancy and carrying of pregnancy in the given cycle instead of the normal range of different 
parts of the immune and endocrine systems. The fact that the NK percentage is gaining  
a new role when passing a certain threshold might help to determine the physiologically-
balanced standard range for specific clinical groups. Our study demonstrates that kno
wing this range might help to create a more favorable corridor for a course of pregnancy. 
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КІЛЬКІСТЬ ПРИРОДНИХ КІЛЕРІВ НЕ ВИЗНАЧАЄ РІВНЯ 
ЇХНЬОЇ ЦИТОТОКСИЧНОСТІ

Б. В. Донськой 
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Цитотоксичність природних кілерних лімфоцитів є важливим фізіологічним па-
раметром стану імунної системи. Клінічна раціональність визначення цитотоксич-
ності досі залишається дискутабельною, зокрема, через складність її визначення  
в рутинній лабораторній діагностиці. Ми провели дослідження цитотоксичності при-
родних кілерів і вимірювання відсотка природних кілерних лімфоцитів серед 8864 
пацієнток із неплідністю. Частка пацієнток із високою цитотоксичністю природних 
кілерів у загальній популяції була збільшена, особливо серед пацієнток із множин-
ними репродуктивними втратами у минулому (41,6 %), порівняно з пацієнтками із 
неускладненим анамнезом первинна неплідність (24,4  %) і вторинна неплідність 
(18,7 %). У загальній популяції відсоток природних кілерів достовірно корелював із 
цитотоксичністю (r = 0,426, p < 0,0001), проте за розділення пацієнтів на групи від-
повідно до рівня природних кілерів кореляція повністю зникала в усіх групах із нор-
мальною кількістю природних кілерів. Водночас серед пацієнток із акцентовано ви-
сокою та низькою цитотоксичністю кореляція залишалася високо достовірною. Від-
соток природних кілерів достовірно корелював із цитотоксичністю (r  =  0,2021, 
p < 0,0001) у пацієнток із високим відсотком природних кілерів (> 17,5 %). У пацієн-
ток із відсотком природних кілерів 15–17,5 % кореляція була не така висока, проте 
достовірна (r = 0,1213, p = 0,0155). Також достовірно високу кореляцію (r = 0,2689, 
p  <  0,0001) спостерігали у пацієнток із відсотком природних кілерів <  7  % (1,7–
7,3 %), тоді як пацієнтки з відсотком 7,3–15 % не мали достовірної корелятивної 
асоціації між відсотком природних кілерів і їхньою цитотоксичністю. Результати за-
свідчують неможливість прогнозування функціональної активності природних кі-
лерних клітин у індивідуумів із нормальними рівнями природних кілерних лімфоци-
тів. За нормальної кількості природних кілерів їхній цитотоксичний прояв перебуває 
під регуляторним контролем, може генерувати актуально-необхідну цитотоксичну 
активність, тоді як за зниженого чи збільшеного рівня природних кілерних лімфоци-
тів регуляторні механізми не здатні компенсувати акцентуацію. Отже, акцентуація 
має самостійний незалежний безпосередній вплив на функціональну активність. 

Ключові слова:	 природні кілери, цитотоксичність, імунні акцентуації, невда-
ча імплантації ембріна, невиношування вагітності
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