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RESUMO 

 
As células natural killer (NK) são uma das células imunes mais importantes na mediação da 

resposta antitumoral devido à sua capacidade de reconhecer e eliminar diretamente as células 

neoplásicas. Devido à sua grande atividade citotóxica, a função das células NK deve ser 

regulada para evitar danos aos tecidos. Tal regulação é mediada por um engajamento 

coordenado de receptores ativadores e inibitórios, pelos quais as células tumorais podem usar 

para escapar da vigilância imunológica. Para tanto, nosso objetivo foi avaliar a frequência e o 

fenótipo das células NK circulantes em pacientes com carcinomas avançados, bem como a 

produção sistêmica de citocinas, quimiocinas e fatores de crescimento. O sangue periférico de 

10 controles saudáveis e de 24 pacientes com carcinomas avançados foi coletado durante ou 

após o tratamento, quando presente. A frequência e a expressão das moléculas ativadoras 

(NKp46) e inibitórias (CD158b) dentre as células NK com fenótipos CD56brightCD16- 

(regulatório) e CD56dimCD16+ (citotóxico) foram avaliadas por citometria de fluxo. A 

quantificação dos fatores secretados presentes no soro foi realizada pela plataforma multiplex 

Luminex. Pacientes oncológicos apresentaram menor frequência do subtipo citotóxico das NK 

(CD56dim CD16+) em comparação com controles saudáveis. Além disso, células NK tidas como 

regulatórias (CD56brightCD16-) isoladas de pacientes oncológicos exibiram uma expressão 

significativamente mais baixa de NKp46. As quimiocinas MCP-1, IP10, eotaxin e o fator de 

crescimento VEGF foram os fatores secretados mais proeminentes detectados no sangue dos 

pacientes analisados. O teste de correlação mostrou que a IL-12p40 está positivamente 

correlacionada com células NK CD56brightCD16-. Também observamos uma correlação positiva 

entre o MCP-1 e o marcador ativador NKp46, e uma correlação negativa entre IP-10 e TNF-α 

e NKp46. A expressão de CD158b em NK CD56dimCD16+ foi positivamente correlacionada 

com EGF e negativamente correlacionada com MIP-1β. Em conjunto, esses resultados sugerem 

que os pacientes com câncer exibem  perfil NK alterado voltado para um fenótipo menos 

citotóxico, o que pode contribuir para o desenvolvimento e progressão do tumor. Portanto, 

direcionar utilizar fatores solúveis específicos relacionados às células NK como alvo pode ser 

uma abordagem terapêutica relevante para o câncer. 

 

Palavras-chave: Células natural killer; carcinoma; citocinas; fatores de crescimento; 

quimiocinas; coleta de amostras de sangue. 

  



 

  



 

 

ABSTRACT 

 

Nk cells and the profile of inflammatory cytokines in the peripheral blood of patients 

with advanced carcinomas 

 

Cancer is a multifactorial disease caused by a series of mutagenic alterations in genome which 

allow cancer cells to evade from immune surveillance, contributing to tumor progression. One 

of the most crucial immune cells that mediate the antitumoral response due to their ability to 

immediately recognize and eliminate transformed cells are the natural killer (NK) cells. These 

cells can be modulated by cancer and other immune cells in tumor microenvironment though 

different cytokines production. Indeed, currently studies have been investigated this regulation 

for cancer immunotherapy. Here, we aimed to identify the cytokine levels in peripheral blood 

(PB) of advanced carcinoma patients related to NK cells subtypes, according to the perspective 

of tumor infiltrating immune cells. The study included 18 patients with advanced cancer during 

or after to treatment and 10 healthy donors. The frequency and the expression of activating 

(NKp46) and inhibitory (CD158b) molecules of CD56brightCD16- and CD56dimCD16+ NK cells 

were assessed by flow cytometry and the multiplex Luminex platform was used to quantify the 

secreted factors presented in the serum.  Cancer patients had a lower frequency of the cytotoxic 

CD56dimCD16+ NK cells subtset in comparison with healthy controls. Also, the regulatory 

CD56brightCD16- NKs isolated from cancer patients exhibited a significantly lower expression 

of NKp46. The chemokines MCP-1, IP10, and eotaxin and the growth factor VEGF were the 

most prominent secreted factors detected in cancer patient´s blood. The correlation test showed 

that IL-12p40 is positively correlated with CD56brightCD16- NK cells. We also observed a 

positive correlation between MCP-1 and the activating marker NKp46 and a negative 

correlation between IP-10 and TNF-α and NKp46. CD158b expression in CD56dimCD16+ was 

positively correlated with EGF and negatively correlated with MIP-1β.  

 

Keywords: Natural killer cells; advanced solid tumors; cytokines; growth factors; chemokines; 

peripheral blood.   
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1 INTRODUCTION 

 

 

Natural killer (NK) cells are innate immune cells that control important components of 

the immune system. As effector lymphocytes endowed with constitutive cytolytic functions or 

even producing cytokines, NK cells act through activating and inhibitory receptors to ensure 

self-tolerance against virus and tumor development [1]. Indeed, NK cells are able to infiltrate 

peritumoral areas from solid tumors [2] exhibiting two main subtypes divided according their 

functions. CD56brightCD16- is a poorly cytotoxic, immature and cytokine-producing NK cell, 

while CD56dimCD16+ is a cytolytic, mature and weakly cytokine-producing NK cell. The 

frequency of these cells can be variable according to site in humans, i.e. CD56bright NK cells 

corresponds to around 10% of NK cells in the peripheral blood; however, it is the most common 

NK cell in tissues and second lymphoid organs [3]. 

Besides NK cells, microenvironment of solid tumors is composed by stromal, other 

immune and vascular cells, which produce several cytokines, chemokines, growth factors and 

matrix metalloproteinases (MMPs) [4]. These proteins are responsible for the crosstalk between 

tumor cells and its microenvironment, playing an important role in cancer development, 

progression and metastasis [5]. Indeed, a better understanding of how cytokines are regulated 

by cancer cells, as well as by NK cells in the tumor microenvironment and peripheral blood is 

crucial to improve prognosis and therapies at the cancer field.  

All cell types can be a source of the molecules of the tumor-microenvironment (TME) 

and they exert very distinct functions in the tumor context. For example, the anti-inflammatory 

cytokines TGF-β and IL-10, by inhibiting T-cell activation, can promote tumor progression [6]. 

IL-4, IL-15, and IL-13 are potent inducers of the Th2-related responses that also contribute to 

tumor scape [7]. On the other hand, IFN-γ, TNF-α, and IL-12 increase the cytotoxic activity of 

CD8+ T lymphocytes and NK cells, then promote tumor elimination [8]. The angiogenic factor 

VEGF promotes angiogenesis, therefore, facilitates tumor spread and metastasis [9]. 

Considering the impact of NK cells as well as the cytokine/chemokine profile of the 

host for cancer outcome, the present study investigated the frequency of both subtypes of NK 

cells (CD56brightCD16- and CD56dimCD16+) comparing with healthy individuals. We also 

evaluated the expression of the activating marker NKp46, and the inhibitory marker CD158b 

within both phenotypes of NK cells. Lastly, taken the advantage of a multiplex assay, we 
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quantified the presence of 29 soluble proteins (IL-3, IL-4, IL-5, 1L-6, IL-7, IL-8, IP-10, MCP-

1 (CCL2), MIP-1α, MIP-1β, TNF-α, TNF-β, VEGF, EGF, Eotaxin, G-CSF, GM-CSF, IFN-α2, 

INF-γ, IL-10, IL-12p40, IL-12p70, IL-13, IL-15, IL-17, IL-1ra, IL-1α, IL-1β, and IL-2) in the 

peripheral blood of patients with advanced solid tumors and correlated with the NKs 

frequencies and their activation state. 
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2 ARTICLE 
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ABSTRACT 

 

Background 

Natural killer (NK) cells are one of the most crucial immune cells that mediate the antitumoral 

response due to their ability to immediately recognize and eliminate transformed cells. Because 

of their great cytotoxic activity, the function of NK cells must be robustly regulated to avoid 

tissue damage. Such regulation is mediated by a coordinated engagement of activating and 

inhibitory receptors, by which tumor cells may use to escape from immunosurveillance. NK 

cells are generally divided based on surface molecules, such as CD16 and CD56, and can be 

classified as CD56brightCD16- and CD56dimCD16+ NK cells, playing distinct roles in immunity 

acting as regulatory and cytotoxic cells, respectively. Here, we aimed to evaluate the frequency 

and phenotype of circulating-NK cells in patients with advanced carcinomas, as well as their 

systemic cytokine/chemokine production. 

 

Methods 

Peripheral blood was collected from 24 patients with advanced solid cancer during or after 

treatment and from 10 healthy donors. The frequency and the expression of activating (NKp46) 

and inhibitory (CD158b) molecules of CD56brightCD16- and CD56dimCD16+ NK cells were 

assessed by flow cytometry and the multiplex Luminex platform was used to quantify the 

secreted factors presented in the serum.  

 

Results 

Cancer patients had a lower frequency of the cytotoxic CD56dim CD16+ NK cells subset in 

comparison with healthy controls. Also, the regulatory CD56bright CD16- NKs isolated from 

cancer patients exhibited a significantly lower expression of NKp46. In general, the chemokines 

MCP-1, IP10, and eotaxin and the growth factor VEGF were the most prominent secreted 

factors detected in cancer patient´s blood. Pearson correlation test showed that IL-12p40 is 

positively correlated with CD56brightCD16- NK cells. We also observed a positive correlation 

between MCP-1 and the activating marker NKp46, as well as a negative correlation between 

IP-10 and TNF-α and NKp46. CD158b expression in CD56dimCD16+ was positively correlated 

with EGF and negatively correlated with MIP-1β.  
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Conclusions 

Taken together, these results suggest that cancer patients present a shift towards a poorly-

cytotoxic and less activated NK profile which may contribute to tumor development and 

progression. Also, targeting specific soluble factors may be a relevant therapeutic approach for 

cancer. 

 

Keywords: Natural killer cells; advanced solid tumors; cytokines; growth factors; chemokines; 

peripheral blood.   
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1. INTRODUCTION 

Natural killer (NK) cells are innate lymphoid cells that play an important role during 

immune responses against intracellular pathogens and damaged/transformed cells [1]. During 

tumorigenesis, NK cells are recruited to the tumor microenvironment (TME) by chemokine 

gradients, such as CXCL9, CXCL10, and CXCL11 [2] and, once infiltrating the TME, they 

recognize neoplastic cells mainly due to the downregulation of MHC-I-related molecules on 

tumor cells [3]. NK cells can eliminate tumor cells by releasing cytolytic granules, like 

granzyme B and perforin, which degrade the plasma membrane of the targeted-cell, or by 

directly activating apoptotic pathways through Fas-FasL or TNF-related apoptosis-inducing 

ligand (TRAIL) [4]. Therefore, NK cells are recognized as the first line of defense against 

cancer. 

In human, two distinct subsets of NK cells have been identified based on CD56 and CD16 

markers, exhibiting distinct functions. CD56brightCD16- phenotype is frequently described as 

poorly cytotoxic and, although they present a late IFN-γ production after stimulation, this subset 

can modulate immune responses through cytokine production [5][6]. On the other hand, 

CD56dimCD16+ NK is a much higher cytolytic cell and an important source of cytokines and 

chemokines upon recognition of aberrant cells [7]. In cancer, CD56bright is described as pro-

tumoral meanwhile, CD56dim is anti-tumoral. However, studies had demonstrated that 

CD56bright NK cells can exhibit potent antitumor responses upon IL-15 stimulation [8][9]. 

The most crucial dictators of the immune response and tumor course are soluble 

components such as cytokines, chemokines and growth factors [10]. Virtually, all cell types can 

be a source of these molecules and they exert very distinct functions in the TME. For example, 

the anti-inflammatory cytokines TGF-β and IL-10, by inhibiting T-cell activation, can promote 

tumor progression [11]. IL-4, IL-15, and IL-13 are potent inducers of the Th2-related responses 

that also contribute to tumor scape [12]. On the other hand, IFN-γ, TNF-α, and IL-12 increase 

the cytotoxic activity of CD8+ T lymphocytes and NK cells, then promoting tumor elimination 

[12]. The angiogenic factor VEGF promotes angiogenesis; therefore, facilitates tumor spread 

and metastasis [13]. 

 Considering the impact of NK cells as well as the cytokine/chemokine profile of the 

host for cancer outcome, we aimed to investigate in the present study the frequency of both 

subsets of NK cells (CD56brightCD16- and CD56dimCD16+) compared with healthy individuals. 

We also evaluated the expression of the activating marker, NKp46, and the inhibitory marker, 
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CD158b, on both phenotypes. Lastly, taken the advantage of a multiplex assay, we quantified 

the presence of 29 soluble proteins (IL-3, IL-4, IL-5, 1L-6, IL-7, IL-8, IP-10, MCP-1, MIP-1α, 

MIP-1β, TNF-α, TNF-β, VEGF, EGF, Eotaxin, G-CSF, GM-CSF, IFN-α2, INF-γ, IL-10, IL-

12p40, IL-12p70, IL-13, IL-15, IL-17, IL-1ra, IL-1α, IL-1β, and IL-2) in the peripheral blood 

of patients with advanced solid tumors and correlated with the NKs frequencies and their 

activation state. 

 

2. MATERIALS AND METHODS 

 2.1. Subjects    

 The study included 10 healthy adult volunteers and 24 cancer patients; however, only 

18 patients showed enough cells to performed the subsequent analysis. Cancer patients were 

diagnosed with 8 different types of carcinomas (Table 1), during or after chemotherapy, 

radiotherapy and/or surgical treatment, selected at the Hospital Estadual de Bauru, Bauru, São 

Paulo, Brazil. This study was approved by the local Research Ethics Committee of Bauru 

School of Dentistry (CAAE 99727018.5.0000.5417), and the informed consent was obtained 

from all of the donors.  

 2.2. Peripheral blood mononuclear cell (PBMC) and serum isolation  

 Venous blood samples were taken from cancer patients and healthy donors and collected 

in two sterile tubes: the first one containing EDTA (final concentration of 1.6 mg EDTA/mL 

blood) and the second one was a serum gel tube, being processed within 24 hours. PBMCs were 

obtained by density gradient centrifugation using the Histopaque-1077 gradient (Sigma-

Aldrich, St Louis, MO, USA). PBMCs were either used directly for the experiments or 

cryopreserved in 10% dimethyl sulfoxide (DMSO, Sigma-Aldrich, St Louis, MO, USA) and 

stored in liquid nitrogen for future analysis. The serum was obtained by centrifugation, 2200 g, 

15 minutes, at room temperature (RT), and then stored at -80°C with proteases inhibitors for 

further analyses. 

 2.3. Flow cytometry, antibodies, and NK cell identification 

Flow cytometry analysis was performed to identify and quantify NK cells subsets and 

profile in PBMC from patients with advanced solid tumors and healthy donors. Before 

immunostaining, the frozen PBMC were thawed and washed to eliminate the DMSO and cell 
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debris. Cells were then incubated with Human BD Fc Block (BD Biosciences, San Diego, CA, 

USA) to reduce unspecific antibody binding followed by incubation with monoclonal 

antibodies for 30 minutes at 4°C protected from light. The monoclonal antibodies used were 

from BD Biosciences: APC-conjugated mouse anti-human CD56 (clone B159), PE-conjugated 

mouse anti-human CD16 (clone B73.1), APC-H7-conjugated mouse anti-human CD3 (clone 

SK7), BV421-conjugated mouse anti-human CD335 (NKp46, clone 9E2/NKp46), and BB515-

conjugated mouse anti-human CD158b (clone CH-L). The respective control isotypes were 

used. Samples were acquired using the Becton and Dickenson FACSAriaTM Fusion Cell Sorter 

and analyzed by BD FACSDivaTM 8.0 software (BD Biosciences). Cells populations were 

analyzed by gating the cells according to size (FSC), granularity (SSC), and fluorescence (FL) 

parameters. NK cells were defined by the CD3-phenotype and subpopulations profile were 

defined as regulatory or cytotoxic based on CD3-CD56brightCD16- and CD3-CD56dimCD16+, 

respectively. Additionally, the expression of NKp46 was used to identify activated NK cells 

while CD158b was used to identify inhibited NK cells. 

 2.4. Milliplex® MAP-Human Cytokine/Chemokine Magnetic Bead Panel 

Systemic secreted factors levels were measured in the whole population of NK cells 

using the Milliplex assay kit (Cat. # HCYTOMAG-60K-PX29, EMD Millipore, Billerica, MA, 

USA), according to the manufacturer’s instructions. The analytes evaluated were: IL-3, IL-4, 

IL-5, 1L-6, IL-7, IL-8, IP-10, MCP-1, MIP-1α, MIP-1β, TNF-α, TNF-β, VEGF, EGF, Eotaxin, 

G-CSF, GM-CSF, IFN-α2, INF-γ, IL-10, IL-12p40, IL-12p70, IL-13, IL-15, IL-17, IL-1ra, IL-

1α, IL-1β and IL-2. Data were analyzed using the Luminex MAGPIX® System and Xpotent 3.1 

data analysis software (EMD Millipore).   

 2.5. Statistics 

 The results were analyzed using GraphPad Prism 7.0 software (GraphPad software, Inc., 

CA, USA). The levels of cytokines were analyzed by unpaired Student's t‐test to compare the 

reported mean values with standard deviations for the different variables. Pearson's correlation 

test was used to analyze the correlation between cytokines and NK cell subsets. Groups being 

compared were considered to be significantly different if p<0.05. 
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3.  RESULTS    

 3.1 Analyses of circulating NK cells from healthy and cancer patients 

 The characteristics of the cancer patients are shown in Table 1. Patients were 

predominantly male (72.7%), aging from 18 to 69 years old, and younger than 60 years old 

(81.8%). According to the histological type of solid tumors, mostly were head and neck 

squamous cell carcinomas (36.3%), all were classified as stage III (Table 1). Unfortunately, it 

was not possible to identify the treatment phase which PB was collect.  

NK cells were analyzed in the peripheral blood of healthy donors and cancer patients 

among CD3- leukocytes (Figure 1A). Two subpopulations of NK cells were easily identified 

using the CD16 and CD56 surface markers: CD56brightCD16- and CD56dimCD16- (Figure 1A). 

Both healthy and cancer patients displayed similar percentages of the CD56brightCD16- NK 

subset (Figure 1B). However, cancer patients had significantly lower frequencies of the subset 

CD56dimCD16+ compared to healthy individuals (Figure 1C).  

We also analyzed the NKp46 and CD158b molecules regarding NK cells subset. The 

percentage of NKp46 expressing CD56brightCD16- was similar among healthy and cancer 

patients (p=0.7564; Figure 1D). Despite the tendency of CD56dimCD16+ in showing decreased 

positivity for NKp46 in cancer patients, we did not observe a significant difference (p=0.0720; 

Figure 1D). Additionally, our results demonstrated a lower frequency of CD158b in 

CD56brightCD16- population in both healthy and cancer patients (p=0.4082; Figure 1E). 

Regarding CD158b in CD56dimCD16+, we found an increased expression of this molecule in 

cancer patients compared to healthy donors, although without statistical significance 

(p=0.1072; Figure 1E).  

We also analyzed the amounts of NKp46 and CD158b expression by means of 

fluorescence intensity (MFI). CD56brightCD16- from healthy donors expressed more NKp46 

than cancer patients (p=0.0020; Figure 1F). This pattern of NKp46 expression was also found 

in CD56dimCD16+ subset; however, without statistical significance (p=0.0591; Figure 1F). 

Finally, CD158b was increased in both NK cells subset from cancer patients compared to 

healthy donors although without statistical significance (p=0.8212 and p=0.1072, Figure F).  

 
  3.2 Cytokines in Peripheral Blood of advanced cancer patients  

We performed a multiplex assay to identify differences in the systemic secretion of 

interleukins, chemokines, growth factors and other molecules in the blood of cancer patients. 

Our findings showed that peripheral blood from cancer patients presented substantial amounts 
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of the chemokines monocyte chemoattractant protein-1 (MCP-1/CCL2) and interferon-γ 

inducible protein (IP-10/CXCL10), and the angiogenic vascular endothelial growth factor 

(VEGF, Figure 2A).  

Aiming to identify a specific inflammatory profile displayed by cancer patients, we 

clustered these molecules according to their function (Figure 2B) and T helper-related immune 

responses (Figure 2C). Using the mean of factors detected in the blood of cancer patients (82.93 

pg/mL) as a threshold we could observe that the chemokines MCP-1 (8-fold), IP-10 (5-fold), 

and eotaxin (2-fold) were above the mean, (Figure 2B). Regarding growth factors and other 

cytokines, cancer patients had high levels of VEGF (2.5-fold) and granulocyte colony-

stimulating factor (G-CSF) (1.5-fold), and high levels of the inflammatory interleukin-1alpha 

(IL-1α) (1.5-fold) cytokine (Figure 2B).  

All cytokines related with specific T helper subsets were under the mean, except for the 

Th2-related cytokine, IL-4 (1.2-fold) (Figure 2C). However, the increased level of IL-4 

observed were detected exclusively in one patient with colon cancer; therefore, we cannot 

assume a specific tendency of any Th-related immune profile based in the sample used in this 

study (Figure 2C). 

 

 3.3 Correlation between NKs and secreted factors of advanced cancer patients  

 Next, we analyzed if there was any correlation between the profile of NK cells and 

secreted factors presented in the peripheral blood of patients with advanced carcinomas. 

Pearson's correlation test was used to analyse the correlation between interleukins, chemokines, 

growth factors and other molecules on the peripheral blood of cancer patients and NK subset 

(Figures 3 and 4). 

First, these analyses were performed related to the pro-tumoral CD56brightCD16- NK 

subset (Figure 3). The frequency of CD56bright CD16- NK subset cells in the blood of cancer 

patients was positively correlated with the cytokine IL-12p40 (r=0.5975, p=0.0402; Figure 

3A). The mean fluorescence intensity of NKp46 and CD158b from CD56brightCD16- was 

positively correlated with MCP-1 (r=0.5827; p=0,0468; Figure 3B) and IL-6 (r=0.5751; 

p=0.0505; Figure 3C), respectively. Complementary to our previous results, MCP-1 was also 

positively correlated with percentage of NKp46-expressing CD56brightCD16- cells (r=0.6016; 

p=0.0385; Figure 3D). On the other hand, IP-10 (r=-0.8471; p=0.0005; Figure 3E) and TNF-

α (r=-0.5936; p=0.0419; Figure 3F) were negatively correlated with the percentage of 

CD56brightCD16- NKp46+. 
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Among the anti-tumoral CD56dimCD16+ subset, we only detected correlations when 

considering the inhibitor marker CD158b (Figure 4). EGF were positively correlated with both 

percentage (r=0.7835; p=0.0026; Figure 4A) and MFI (r= 0.8107; p=0.0014; Figure 4B) of 

CD158b. In addition, both percentage (r=-0.6249; p=0.0298; Figure 4C) and MFI (r=-0.5735; 

p=0.0503; Figure 4D) of CD158b from CD56dimCD16+ were negatively correlated with MIP-

1β. Finally, we compared the expression of all evaluated cytokines, which demonstrated 

positive correlations between all them (Data not shown). Noteworthy, a statistically significant 

negative correlation was detected between EGF and TNF-α (r=-0.4790, p=0.0442; Figure 5).  

 

4. DISCUSSION 

 Studies have shown a strong link between NK cells frequency and cancer prognosis of 

cancer patients, highlighting their potential role as target for development of cancer therapies 

[14]. We evaluated the PB from advanced cancer patients during treatment, quantifying the 

frequency of two NK subsets: CD56brightCD16-, a regulatory phenotype, and CD56dimCD16+, 

which exhibits a more cytotoxic role. We also evaluated the expression of activation (NKp46) 

and inhibition (CD158b) NK molecules among both NK cells subsets. 

 Additionally, we analyzed cytokines, chemokines and growth factors in PB from 

advanced cancer patients. Further, we correlated these factors with NK cells, their subsets and 

activated/inhibited molecules. Our findings demonstrated that cancer patients showed a lower 

frequency of cytotoxic NK cells CD56dimCD16+, which could be explained due to a negative 

regulation of the NKp46 activation marker. This negative regulation of NKp46 may be 

promoted by IP-10 in NK CD56brightCD16-, which decreased and/or prevented the balance of 

regulatory to cytotoxic NK profile. Also, EGF growth factor was positively regulated with 

CD158b inhibition marker on CD56dimCD16+ NK cells and, negatively correlated with TNF-α. 

These findings could suggest a possible tumor scape mechanism caused by immune response 

disbalance and EGF secretion.  

In this work, the percentage of CD56brightCD16- NK cells were similar among cancer 

patients and health donors. Although, CD56dimCD16+ NK cells percentage were significantly 

lower in cancer patients when compared to health donors. We also hypothesized if NK cells 

isolated from PB of advanced cancer patients could differently express activated (NKp46) and 

inhibited (CD158b) molecules. Besides the lower frequency of cytotoxic NK cells, cancer 

patients showed a tendency to have less CD56dimCD16+NKp46+ NK cells, and more 

CD56dimCD16+CD158b NK cells. Taken together, it could infer a change from activated profile 
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into inhibited profile. Both NK subsets showed a tendency to low NKp46 expression; however, 

only CD56brightCD16- NK subset was statistically significant. Thus, our findings suggested that 

advanced cancer patients could demonstrated difficulties in CD56dimCD16+ NK cells induction. 

It possibly occurs due the NKp46 deficiency expression on CD56brightCD16- NK subset, since 

their NKp46 ligation induce NK activation [15].  

Generally, solid tumors are composed by an inflammatory environment with intense 

angiogenesis, which eventually could influence on cancer prognosis [16]. These factors are 

mainly regulated by inflammatory cytokines, that may act as promoters of tumorigenesis or as 

important mechanisms against tumors [17]. In the present study, we found increased presence 

of MCP-1, IP-10  and VEGF in PB of cancer patients. He et al. (2015) demonstrated in prostate 

cancer that expression of CCL2 and its receptor CCR2 are positively correlated with perineural 

invasion [18]. Also, Ponzetta et al. (2015) showed that increased production of IP-10 both in 

bone marrow and PB of patients with multiple myeloma were correlated with lower CXCR3 

regulation on NK cells [19]. A study with squamous cell carcinoma pointed out that 

approximately 50% of CD56+CD16- NK cells expressed equal proportions of VEGF and IFN-

γ, suggesting that these patients could both express pro- and anti-angiogenic cytokines abilities 

[20]. These findings disagree with our results, since we observed that VEGF production was 

higher than IFN-γ production, which suggests a pro-angiogenic profile.  

In order to understand the relationship between soluble factors present in PB of cancer patients 

and NK subsets, as well as their activated/inhibited status, we performed a correlation analysis. 

Interestingly, cytokines and chemokines were mainly correlated with the activation molecule 

NKp46 on the CD56brightCD16- NK subset. On the other hand, these factors were exclusively 

correlated with the inhibition molecule CD158b on the CD56dimCD16+ NK subset. Specifically, 

we observed a possible compensatory mechanism for Nkp46 expresses induction on 

CD56brightCD16- NK subset, since the percentage in PB of cancer patients were positively 

correlated with the most expressed chemokine, MCP-1. Additionally, it was also negatively 

correlated with the second more expressed chemokine, IP-10. Although a study has recently 

demonstrated that IP-10 induced NK cells migration to solid tumors and promoted tumor 

regression [21], IP-10 also act recruiting regulatory T cells (Treg) [22]. As NKp46 expression 

was significantly lower on CD56brightCD16- of cancer patients, our results suggest that IP-10 

could development a significant role on modulation profile of activated circulating NK cells 

possibly via Treg recruitment/activation, promoting tumor progression. Increased expression of 

CD158b is correlated with failure on NK activity on cancer patients [23]. Indeed, CD158b was 

mostly observed on CD56dimCD16+ NK cells, positively correlated with EGF, and negatively 
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correlated with MIP-1β . Despite there is no study on literature directly showing EGF effects 

in NK activation and phenotypes, its blockade using cetuximab resulted in a higher elimination 

of colon and rectum tumor cells mediated by NK cells in vitro [24]. Costa et al. (2018) 

demonstrated that the anti-EGFR therapy overcomes NK cell impairment in colorectal cancer 

by triggering the CD16-mediated antibody dependent cellular cytotoxicity (ADCC) of 

mesenchymal stem cells [25]. Although MIP-1β is one of the factors produced by NK cells and 

has been described as important chemoattract factor for several leukocytes, including NK [26], 

Maghazachi et al. (1996) and Taub et al. (1995) have demonstrated that MIP-1 βalso increased 

the cytotoxic activity of CD56+ NK cells in vitro [27] [28], which explain the opposite 

correlation between MIP-1 β and the inhibition marker, CD158b.  

Finally, our findings also reported a negative correlation between EGF and TNF-α in 

cancer patients. These results are of particularly interest since EGF is involved with tumor 

pathogenesis and progression [29] [30], and is currently being used as antitumor target therapy 

in several tumors [31] [32] [33], and TNF-α has critical role in shaping antitumor immune 

responses [34]. EGF was the 8th most detected factor in the PB of cancer patients and its known 

that carcinomas showed increased EGF production, which is correlated with poor prognosis 

[35] [36].  

In summary, our findings demonstrated a general decreased frequency of NK cells on 

the PB of cancer patients, mainly related to the cytotoxic CD56dimCD16+ NK cells subset. Also, 

regulatory CD56brightCD16- NK cells subset from cancer patients showed a lower expression of 

the activated marker Nkp46 compared to health donors. Our results also demonstrated a higher 

production of MCP-1, a potent anti-inflammatory chemokine involved with M2 macrophages 

recruitment and tumor development. More importantly, the higher production of IP-10 was 

correlated with NKp46 decrease on CD56brightCD16- NK cells. Furthermore, we found a 

negative correlation between EGF and TNF-α, suggesting a possible immunosuppressive 

mechanism. In combination, the present results sustain new insights into the NK cell biology 

during tumor development that might help designing alternative therapeutic approaches.   
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LIST OF TABLE 
 

 

Table 1.  Clinicopathological data of cancer patients 

Patient No. Gender Age (Years)  Histology T N M Stage* 
 

1 M 20 GCT 2 1 x III  

2 M 18 GCT 1 2 0 III  

3 M 51 HNSCC N.I N.I N.I N.I  

4 M 42 Testicle N.I N.I N.I I   

6 M 69 AdP N.I N.I N.I N.I  

7 M 44 EsC N.I N.I N.I III  

8 M 30 Testicle 1 x x N.I  

10 M 27 HNSCC N.I N.I N.I N.I  

11 F 34 Breast 2 1 0 II   

12 M 57 HNSCC 4 x x IV  

13 M 59 HNSCC 4 x x N.I  

14 M 48 AdC 4 1 0 III  

15 M 66 HNSCC 2 3 0 IV  

16 F 34 Breast N.I N.I N.I III  

17 M 57 HNSCC N.I N.I N.I III  

18 M 41 EsC 3 x N.I N.I  

19 M 67 HNSCC 4 0 0 N.I  

20 F 22 Melanoma N.I N.I N.I III  

21 F 37 HNSCC 2 2 N.I III  

22 F 52 AdC N.I N.I N.I N.I  

23 F 53 Cervical 3 1 0 III  

24 M  54 HNSCC 3 1 0 IV  

 

*N.I. Not informed; HNSCC Head and Neck Squamous Cell Carcinoma; AdP Adenocarcinoma of prostate; AdC 
Adenocarcinoma of colon; GCT Germ-cell tumor; EsC Esophageal Cancer.  
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Figure 1. Analyses of circulating NK cells from healthy and cancer patients. A) Two 
subpopulations of NK cells were identified in peripheral blood of healthy donors (n=10) and 
cancer patients (n=18) among CD3 negative leukocytes using the CD16 and CD56 surface 
markers: CD16-CD56bright and CD16+CD56dim. B) Both healthy and cancer patients displayed 
similar percentages of the CD56brightCD16- NK subset. C) Cancer patients had significantly 
lower frequencies of CD56dimCD16+ NK cells compared to healthy individuals. D) Percentage 
of NKp46 cells expressing CD56brightCD16- was similar among healthy and cancer patients (p= 
0.7564), while a trend of decreased positivity of CD56dimCD16+ in cancer patient was found 
(p=0,0720). E) Lower frequency of CD158b in CD56brightCD16- population in both healthy and 
cancer patients (p=0.4082) was found, while CD158b in CD56dimCD16+ exhibited a not 
statistically significant increased expression in cancer patients compared to healthy donors 
(p=0.1072). F) CD56brightCD16- from healthy donors expressed more NKp46 (MFI) than cancer 
patients (p=0.0020); Despite of Nkp46 in CD56dimCD16+ which remains similar between 
groups (p=0,0591). G) A non-statistically significance of CD158b (MFI) increased was found 
in both NK cells subset from cancer patients compared to healthy donors, especially in 
CD56dimCD16+ subset (p=0.8212 and p=0.1072). MFI = mean fluorescence intensity. 
 
Figure 2. Cytokines in peripheral blood of advanced cancer patients by multiplex assay. 
A) Peripheral blood from cancer patients presented substantial amounts of the chemokines 
monocyte chemoattractant protein-1 (MCP-1/CCL2), interferon-γ inducible protein (IP-
10/CXCL10), and the angiogenic vascular endothelial growth factor. B) After function 
stratification of the investigated molecules of detected factors; Also using the mean of 82.93 
pg/mL in the blood of cancer patients was defined as a threshold.  The chemokines MCP-1, IP-
10 and eotaxin (2 times) were 8-, 5- and 2-fold higher than the mean. Regarding growth factors 
and other cytokines, cancer patients had high levels of VEGF, granulocyte colony-stimulating 
factor (G-CSF), and of the inflammatory cytokine interleukin-1alpha (IL-1α). C) All cytokines 
related with specific T helper subsets were under the mean, except for the Th2-related cytokine 
IL-4.  
 
Figure 3. Correlation between CD56brightCD16- NK subset and secreted factors of 
advanced cancer patients. A) The frequency of CD56bright CD16-NK cells in the blood of 
cancer patients was positively correlated with the cytokine IL-12p40 (r=0.5975, p=0.0402), 
while B) MFI NKp46 and (C) CD158b from CD56brightCD16- was positively correlated with 
MCP-1 (r=0.5827; p=0.0468) and IL-6 (r=0.5751; p=0.0505), respectively. D) MCP-1 was also 
positively correlated with percentage of NKp46-expressing CD56brightCD16- cells (r=0.6016; 
p=0.0385), while E) IP-10 (r=-0.8471; p=0.0005) and F) TNF-α (r=-0.5936; p=0.0419) were 
negatively correlated with the percentage of CD56brightCD16- NKp46+. 
 
Figure 4. Correlation between CD56dimCD16+ NK subset and secreted factors of advanced 
cancer patients. EGF was positively correlated with both A) percentage (r=0.7835; p=0.0026) 
and B) MFI (r= 0.8107; p=0.0014) of CD158b. Also, both C) percentage (r=-0.6249; p=0.0298) 
and D) MFI (r=-0.5735; p=0.0503) of CD158b from CD56dimCD16+ were negatively correlated 
with MIP-1β.  
 
Figure 5. Negative correlation between EGF and TNF-α in peripheral blood of advanced 
cancer patients. A statistically significant negative correlation was detected between EGF and 
TNF-α (r=-0.4790, p= 0.0442). 
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3 DISCUSSION 

 

 

Studies have shown a strong link between NK cells frequency and the prognosis of cancer 

patients, highlighting their potential role as targets for development of cancer therapies [14]. 

Indeed, several studies have been evaluated the presence of NK phenotypes and their role as 

activated or inhibited cell to understand how it is related to carcinomas though cytokines, 

chemokines and grow factors secretion. Here, we evaluated the PB from advanced carcinoma 

patients during treatment, quantifying the frequency of two NK phenotypes: CD56brightCD16- 

(regulatory) and, CD56dimCD16+ (cytotoxic). We also evaluated the expression of activation 

(NKp46) and inhibition (CD158b) molecules within each NK cells subset. 

 Additionally, we analyzed cytokines, chemokines and growth factors in the PB from 

advanced cancer patients. Further, we correlated these factors with NK cells, their subsets and 

activated/inhibited molecules. Our findings demonstrated that cancer patients showed a lower 

frequency of cytotoxic CD56dimCD16+ NK cells, which could be explained by a negative 

regulation of the NKp46 activation marker. We may hypothesize that this negative regulation 

of NKp46 is promoted by IP-10 in NK CD56brightCD16-, which altered the balance between NK 

subsets providing a shift towards a poorly cytotoxic and more regulatory NK profile. 

Accordingly, Accomando et al. (2012) suggested that the decrease of circulating NK cells in 

PB of head and neck squamous cell carcinoma (HNSCC) patients may be a result of the disease 

itself. On the other hand, Whiteside (2008) and Bauernhofer et al. (2003) reported that cancer 

cells manipulated the microenvironment by secreting suppressive and pro-apoptotic 

chemokines against cytotoxic lymphocytes and CD56dim NK cells subset.  

In this work, the percentage of CD56brightCD16- NK cells were similar among cancer 

patients and health donors. Although, CD56dimCD16+ NK cells percentage were significantly 

lower in cancer patients when compared to health donors. We also investigated if NK cells 

isolated from the PB of advanced cancer patients could differently express activation (NKp46) 

and inhibition (CD158b) molecules. Besides the lower frequency of cytotoxic NK cells, cancer 

patients showed a tendency to have less CD56dimCD16+NKp46+ NK cells, and more 

CD56dimCD16+CD158b+ NK cells. Taken together, it could infer a change from activated 

profile towards an inhibited NK cells profile. In the same context, both NK subsets showed a 

tendency to low NKp46 expression; however, only CD56brightCD16- NK subset was statistically 
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significant. Thus, our findings suggest that advanced cancer patients could demonstrated 

difficulties in CD56dimCD16+ NK cells induction. It possibly occurs due to the NKp46 deficient 

expression on CD56brightCD16- NK subset, since their NKp46 ligation induce NK activation 

[15]. In fact, CD56bright CD16- NK cells are considered less cytolytic NK cells, acting as an 

immunomodulatory cell; meanwhile, CD56dimCD16+ are characterized by their increased 

cytotoxic activity [16]. 

Furthermore, NKp46 decreased expression in CD56brightCD16- cells was early reported in 

EBV infections. The authors demonstrated that when NKp46 decreases, PD-1 up-regulates, 

suggesting a potential regulatory mechanism responsible for the NK cell cytotoxic failure [17]. 

The mechanism which regulate NK phenotypes in cancer remains unclear; however, previous 

works demonstrated that cancer and parenchyma cells modulated tumor microenvironment, and 

whole organism, trough cytokines, chemokines, and growth factor secretion, which may act 

cooperatively rather than individually, interacting with tumor cells to influence their biological 

behavior [18]. Generally, solid tumors are composed by an inflammatory environment with 

intense angiogenesis and, which eventually could influence on cancer prognosis [19]. These 

factors are mainly regulated by inflammatory cytokines that may act as promoters of 

tumorigeneses or as important mechanisms against tumors [20]. In the present study, we found 

increased levels of MCP-1, IP-10 and VEGF in the PB of cancer patients. He et al. (2015) 

demonstrated in prostate cancer that the expression of MCP-1 and its receptor CCR2 are 

positively correlated with perineural invasion [21]. Also, Ponzetta et al. (2015) showed that 

increased production of IP-10 both in bone marrow and PB of patients with multiple myeloma 

were correlated with lower CXCR3 regulation on NK cells [22]. A study with squamous cell 

carcinoma pointed out that approximately 50% of CD56+CD16- NK cells expressed equal 

proportions of VEGF and IFN-γ, suggesting that these patients could both express pro- and anti-

angiogenic cytokines’ abilities [23]. These findings disagree with our results, since we observed 

that VEGF production was higher than IFN-γ production, which suggests a pro-angiogenic 

profile.  

In order to understand the relationship between soluble factors present in PB of cancer 

patients and NK subsets, as well as their activated/inhibited status, we performed a Pearson’ 

correlation analysis. Interestingly, cytokines and chemokines were mainly correlated with the 

activation molecule NKp46 on CD56brightCD16- NK subset. On the other hand, these factors 

were exclusively correlated with the inhibition molecule CD158b on the CD56dimCD16+ NK 

subset. Specifically, we observed a possible compensatory mechanism for Nkp46 expression 
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induction on CD56brightCD16- NK subset, since the percentage in PB of cancer patients were 

positively correlated with the most expressed chemokine, MCP-1. It is known that MCP-1 

contributes for tumor progression and metastasis by promoting an anti-inflammatory 

environment through recruitment and differentiation of pro-tumoral M2 macrophages [24]. He 

et al. (2015) found that MCP-1 - CCR2(chemokine receptor 2) signaling mediates perineural 

invasion by cancer cells, a feature associated with poor prognosis in several types of carcinomas 

[25]. Importantly, these cytokines could be produced by several immune cell types, being not 

exclusive by NK cells. 

Additionally, it was also negatively correlated with the second more expressed 

chemokine, IP-10. Although a study has recently demonstrated that IP-10 induced NK cells 

migration to solid tumors and promotes tumor regression [26], IP-10 also act recruiting 

regulatory T cells (Treg) [27]. As NKp46 expression was significantly lower on 

CD56brightCD16- of cancer patients, our results may suggest that possibly via Treg 

recruitment/activation, IP-10 could development a significant role on modulation profile of 

activated circulating NK cells, promoting tumor progression.  

 Increased expression of CD158b is correlated with failure on NK activity on cancer 

patients [28]. Indeed, we observed that CD158b was mostly found on CD56dimCD16+ NK cells, 

positively correlated with EGF and negatively correlated with MIP-1β (CCL4). Despite there 

is no study on literature directly showing EGF effects in NK activation and phenotypes, its 

blockage using cetuximab resulted in a higher elimination of colon and rectum tumor cells 

mediated by NK cells in vitro [29]. Costa et al. (2018) demonstrated that the anti-EGFR therapy 

overcomes NK cell impairment in colorectal cancer by triggering the CD16-mediated ADCC 

of mesenchymal stem cells [30]. MIP-1β is one of the factors produced by NK cells and has 

been described as important chemoattract factor for several leukocytes, including NK [31]. 

However, Maghazachi et al. (1996) and Taub et al. (1995) have demonstrated that MIP-1 β also 

increased cytotoxic activity of CD56+ NK cells in vitro [32] [33], which may explain the 

opposite correlation between MIP-1 β and the inhibition marker CD158b found in the present 

study.  

Also, EGF growth factor was positively regulated with CD158b inhibition marker on 

CD56dimCD16+ NK cells and, negatively correlated with TNF-α. This interestingly fact could 

suggest a possible tumor scape mechanism caused by immune response disbalance and EGF 

secretion. 
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Finally, our findings also reported a negative correlation between EGF and TNF-α in 

cancer patients. These results are of particularly interest since EGF is involved with tumor 

pathogenesis and progression [34] [35] and are currently being used as antitumor target therapy 

in several tumors [36] [37] [38] and TNF-α has critical role in shaping antitumor immune 

responses [39]. EGF was the 8th most detected factor in the PB of cancer patients and its known 

that carcinomas showed increased EGF production, which is correlated with poor prognosis 

[40] [41]. Based on that, we investigated by means of statistical analysis if EGF production 

could suppress immune response through TNF-α downmodulation, which promotes decreased 

on recruitment and activation of antitumor immune cells [42]. Actually, despite of their 

individual effects on cell growth, proliferation, and apoptosis, previous studies demonstrated 

that TNF-α [43] and EGF [44] induces EMT activation in cancer cells, by different complex 

signaling cross-talk mechanisms. EMT is considered as a key step for migration and metastasis 

in several types of human carcinomas [45] and, our findings reported that EGF seems to be 

higher than TNF-α on the majority of cancer patients. Taken together, it is possible to suggest 

that both TNF-α and EGF could be useful to tumor invasiveness by secretion in the PB of cancer 

patients. Also, these cytokines could be regulated in the PB through a compensatory mechanism 

used when both EGF or TNF-α was downregulated, contributing to EMT and tumor 

progression. 

In summary, our findings demonstrated a decrease in NK cells on the PB of cancer 

patients, mainly regarding thecytotoxic CD56dimCD16+ subset. Also, we found low expression 

of the activation marker Nkp46 on regulatory CD56brightCD16- NK cells subset compared to 

health donors. Our results also demonstrated a higher production of MCP-1, a potent anti-

inflammatory chemokine enrolling in M2 macrophages recruitment and associated with tumor 

development. More importantly, the higher production of IP-10 was correlated with NKp46 

decreased on CD56brightCD16- NK cells, it’s could be associated with the low frequency of 

CD56dimCD16+ NK cells. Furthermore, we found a negative correlation between EGF and TNF-

α, suggesting a possible immunosuppress mechanism and promoting new insights into the NK 

cell biology during tumor development that might help designing alternative therapeutic 

approaches.   
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