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PRESENTATION 

This thesis begins with the introduction, which includes the background and 

theoretical framework. The background includes basic aspects of HIV epidemiology 

and pathogenesis, a definition of HIV-exposed seronegative individuals (HESN) and 

the cohorts proposed for their study, as well as a summary of natural resistance 

mechanisms previously described for this population, with particular emphasis on 

increased NK cell effector capacity associated with natural resistance against HIV-1 

during viral exposure.  

The theoretical framework is a review of the NK cells role during HIV infection 

published in Frontiers in immunology in 2018. This review covers basic aspects of 

NK cells biology, NK cell features associated with HIV control, the role of memory 

NK cells during HIV infection and vaccination strategies based on NK cells. Then, 

the problem statement highlights why despite being poorly studied compared to 

other HESN cohorts, men who have sex with men (MSM) represent a key population 

for the study of natural resistance mechanisms against HIV. 

After, the general and specific objects are presented together with the hypothesis of 

the study. Later are material and methods, results and discussion. Results are 

presentedtogether with respective figures and tables grouped by the most relevant 

findings. The discussion presents argumented conclusions supported by scientific 

literature. In this section, we proposed how the findings contribute to generating 

knowledge in the field of natural resistance against HIV.  

After, concluding remarks are presented, followed by limitations and future 

perspectives of the study. Finally, at the end of the text, some supplementary data 

are presented, in order to bring more information on methodological approaches and 

results. 
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ABSTRACT 

Introduction: HIV exposed seronegative (HESN), are individuals that remain 

seronegative despite repeated exposure to HIV. Since the first reports of HIV 

resistance in humans in 1989, HESN individuals turn in to a key population for the 

research of the phenomenon of human natural resistance to HIV-1. Studies 

conducted in this population allowed to describe different immunological and genetic 

mechanisms associated with viral resistance. A higher effector capacity of NK cells 

has been related to natural resistance in different HESN cohorts. Besides, recently 

a population of NK cells with memory features has been described; these cells are 

increased in HESN individuals and they are involved in better control of HIV 

replication in primarily HIV infected subjects. 

Although men who have sex with men (MSM) are one of the main cohorts for the 

study of HESN, this population has been poorly studied compared to others like 

commercial sex workers (CSW) and intravenous drug users (UDI). However, some 

mechanisms of natural resistance have been described in them. The role of NK cells 

on HIV resistance has not been studied in this population so far. This study evaluates 

the role of NK cells in the natural resistance to HIV-1 infection in MSM. 

Methodology: Phenotypic and functional features were evaluated in NK cells from 

two groups of MSM, at different risk of HIV infection defined based on the number of 

sexual partners. Production of IFN-γ and β-chemokines were included in the analysis 

as well as the cytotoxic capacity and memory markers. Genetic features such as 

HLA and KIR alleles were also explored.  

Results: High-risk MSM showed an increased frequency of fully mature NK cells 

(CD56dimCD57+) as well as memory NK cells (CD56dimCD57+NKG2Chigh). High-risk 

MSM also show higher cytotoxic capacity and IFN-γ production against K562 stimuli. 

A subpopulation of NK cells with CD107a+/IFN-ɣ+/MIP-1β- functional profile was 

found in higher frequency among high-risk MSM compared to low-risk MSM. This 

NK cells population displays higher MFI of IFN-γ in MSM at high risk compared to 

low risk, characteristic absent in NK cells with other functional profiles. Protective 

KIR/HLA phenotype KIR3DL1/S1-HLA-B*Bw4 in a homozygous state was found in 
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30.7% of High-risk MSM. Of note, some of these functional features were related to 

higher frequencies of mature and memory NK cells, which in turn, were associated 

with the higher number of sexual partners found in high-risk MSM. 

Conclusion: The changes observed in NK cells compartment can be driven by the 

magnitude of sexual exposure and immunological challenges of high-risk individuals, 

that could influence their resistance/susceptibility to HIV infection. 
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1. INTRODUCTION 

 

1.1 Background 

1.1.1 Epidemiology and pathogenesis of HIV infection  

Human immunodeficiency virus (HIV) infection, represents a major public health 

problem worldwide. Since the beginning of the epidemic in 1981, more than 76.1 

million people have been infected with the virus, and around 35 million people 

have died of HIV related causes (1). For 2018, UNAIDS reported an estimated 37.9 

million people living with HIV in the world and 1.7 million new infections. Despite 

global efforts to reduce HIV related deaths and the implementation of combined 

antiretroviral therapy (cART), there are near to 770.000 deaths related to AIDS every 

year (1). 

In Colombia, government statistics report near to 83.000 people diagnosed with HIV 

(2); however, UNAIDS estimate around 160.000 people living with HIV in the country 

(3). Colombia has been classified as a country with a concentrated HIV epidemic, 

where the infection has spread primarily in some high-risk populations. In these high-

risk populations, HIV prevalence is around 17%, while the prevalence in the general 

population is 0.5%. High-risk populations include men who have sex with men 

(MSM), commercial sex workers (CSW), transgender women, and people deprived 

of their liberty (4, 5).  

HIV is transmitted by sexual contact across mucosal surfaces, by maternal-infant 

exposure or by percutaneous inoculation. Sexual transmission is responsible for 

more than 70% of infections worldwide. The remain is attributable to maternal-infant 

infection and injection drug use (6). In the natural history of HIV infection, upon 

transmission to a new host, generally occurring at mucosa tissue, the virus infects 

resident dendritic cells and CD4+ T cells, mostly those expressing the CCR5 

molecule, which preferentially are located at the gut-associated lymphoid tissue 

(GALT) where 65% of body T cells are present. These cells are also enriched in 

other lymphoid tissues, facilitating virus dissemination, at early stages of infection 

when the virus can reach levels of 107 copies per mL, inducing a massive loss of 
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CD4+ T cells. Then, the instauration of the adaptive immune response allows the 

partial control of HIV replication, where the infected individual reaches a steady-state 

know as the viral set point. At the chronic phase, the viral load remains controlled, 

allowing partial recovery of CD4+ T cell counts in peripheral blood but more limited 

in the GALT.  

During HIV infection, individuals experience a generalized immune activation state, 

generated by a high replication rate and then, maintained by a permanent release of 

microbial products from the intestinal lumen to blood, secondary to intestinal mucosa 

damage (7). Chronic immune activation leads to immune exhaustion, characterized 

by a loss of viral control and a decrease in CD4+ T cells, along with a disfunction of 

other cell populations like CD8+ T and NK cells (8-10). This phenomenon marks the 

beginning of the acquired immunodeficiency syndrome (AIDS) stage, where the 

immune system of HIV infected individuals is compromised, rendering them 

susceptible to opportunistic infections and neoplasias (11). 

The course of HIV infection is complex and variable between individuals. For this 

reason, HIV infected individuals have been classified based on the time of 

progression to AIDS. Most of HIV infected individuals, known as typical progressors, 

progress to AIDS in a period between 5 and 10 years in the absence of cART; while 

some individuals instead, progress to AIDS in less than 5 years (rapid progressors). 

There is another group of individuals named long term non-progressors (LTNP), who 

despite being infected with HIV for more than 10 years show no signs of immune 

deterioration (12). Because of the low frequency, and the time required to classify 

an individual as LTNP, new classification criteria were defined. For instance, elite 

controllers are individuals who maintain undetectable viral load (<50 copies/mL) for 

one year in absence of cART, and viremic controllers who exhibit viral loads under 

2000 copies/mL in the absence of cART (12, 13). The existance of these individuals 

points to the presence of natural mechanisms that can mediate a sustained control 

of HIV replication, delaying or eventually avoiding the progression to AIDS in the 

absence of the therapy. 
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There is an interesting group of individuals who has not serological or clinical 

evidence of infection despite repeated exposure to HIV. This group of individuals is 

known as HESN (HIV exposed seronegative). The discovery of HESN individuals 

marked the beginning of the research in the phenomenon of natural resistance to 

HIV infection in humans. 

1.1.2 HESN individuals and the study of natural resistance to HIV 

infection 

HESN individuals are described as “individuals who remain uninfected with HIV 

despite repeated exposure and against statistical probability”. Under this description, 

numerous cohorts that include HESN subjects have been defined. These cohorts 

are classified into three major groups: i) serodiscordant couples: couples with 

unprotected sexual intercourse, where one individual is seropositive, with detectable 

viral load, and the other seronegative; ii) individuals with high-risk sexual behaviors: 

CSW and MSM and, iii) individuals, non-sexual exposed: intravenous drug users 

(IDU), infants born to HIV positive mothers, hemophiliacs, and others, exposed to 

contaminated blood products (health personnel) (14). HESN individuals are 

relatively infrequent; they represent approximately 10% of HIV exposed subjects 

(15). 

Serodiscordant couples are one of the largest exposed seronegative groups; studies 

on this cohort has provided a great deal of information regarding the natural 

resistance phenomenon. One of the first reports of resistant individuals was made in 

a cohort of serodiscordant couples in 1989 when the negative partner of a 

seropositive individual showed HIV-1 specific T cell responses (16).  

The seronegative partner, within a serodiscordant couple, is repeatedly exposed to 

the same HIV quasispecies, which could represent an easier task for the immune 

system in the sense that it is responding to related strains. This fact can be a barrier 

if the understanding of natural resistance is routed to develop therapeutic 

alternatives or vaccines, because in these cases a cross-reactive response is more 

desirable; that is the case of individuals with high-risk sexual behaviors (14).  
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CSW are part of the high-risk sexual behaviors group and represent one of the most 

important cohorts for the study of natural resistance to HIV infection. These 

individuals have been classified as resistant based on epidemiological models 

carried out in CSW cohorts from Africa and Asia. One of the largest and extensively 

followed is the Pumwani cohort from Nairobi, Kenia (17). These women have a high 

frequency of unprotected sex, about 15 clients per day, in a population where, at the 

peak of the epidemic, the prevalence was 14% (currently 8%) (18). To date, many 

female CSW cohorts have been identified, and they represent a key source of 

information on natural resistance mechanisms in women. 

It is important to mention that the mechanisms of transmission and immune response 

at the site of infection differ between men and women, and not always, the findings 

in these female cohorts can be relevant to men. This issue makes the research of 

the natural resistance phenomenon in men very important, mainly because men still 

carry a disproportionate burden of HIV infection in many countries. 

MSM represent 18% of people living with HIV worldwide, above UDI (9%) and CSW 

(3%) (19). The differences in sexual behaviors make this group a unique cohort for 

studies on natural resistance to HIV infection, based on the high number of sexual 

partners and specially the nature of MSM sexual intercourse, which represents a 

high-risk practice by itself. Receptive anal sex has a risk of infection ten times higher 

than receptive vaginal sex (20), and this fact added to some social and biologic 

factors that will be mentioned further ahead make MSM a population at a really high 

risk of HIV infection. 

1.1.3 Mechanisms of natural resistance to HIV infection  

The study of cohorts including HESN has led to a better understanding of factors 

involved in natural resistance to HIV infection. Genetic and immune factors found in 

these cohorts include CCR5 ∆32 mutation, HLA-KIR allele expression, immune 

quiescence, HIV-1 specific cytotoxic lymphocytes (CTL), HIV-1 specific IgA, soluble 

factors, among others. Resistance to HIV cannot be attributed to any of these factors 

by itself, because, none of them has been found in all HESN individuals. Currently, 

the natural resistance to HIV is recognized as a complex and multifactorial 
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phenomenon where resistance can be derived from distinct mechanisms acting 

together, that might vary in frequency along the different cohorts.  

The CCR5 ∆32 mutation is one of the most important genetic factors described to 

date. This mutation is present in about 2 to 4% of Caucasian individuals and causes 

deletion of 32bp in the CCR5 gene, leading to the production of a truncated protein 

that is not expressed at the cell membrane (21, 22). Homozygous individuals for this 

mutation (∆32/∆32) are resistant to HIV infection by R5 strains, which use CCR5 as 

a co-receptor for viral entry into the target cell. Heterozygosity instead, has been 

related to slow progression to AIDS and protection to HIV infection only in some 

HESN cohorts (23 ). In Colombian HESN, the prevalence of ∆32/∆32 individuals is 

2.6%, explaining only a small fraction of natural resistance cases (24). 

HIV-specific CTL was one of the first mechanisms associated with natural resistance 

in HESN individuals. IFN-ɣ production was observed in CWS from the Pumwani 

cohort in response to class I HLA-restricted CTL epitope peptides in mononuclear 

cells from the cervix and peripheral blood. CTL responses in the cervix were higher 

than in blood, and the HIV-specific response was higher in CSW compared with low-

risk individuals who did not show any response (25). Similar results have been found 

in HIV-1 negative babies born to positive mothers and health care workers, who have 

been accidentally exposed to HIV but remain seronegative (26, 27) 

In addition, the humoral response also has been detected in HESN. In 1999, 

Plummer et al. reported a higher frequency of HIV-specific IgA at the genital tract of 

HESN women (76%), compared to (26%) infected women(26%)  and low-risk 

controls (11%)(28). Neutralizing IgA has been also found in plasma and saliva of 

HESN women but no in low-risk controls (29). These data suggest a role of HIV-

specific IgA in natural resistance to HIV-1 infection, which has been highlighted by 

vaccination and passive immunization studies, where specific IgA showed the 

capacity to neutralize the virus, preventing transcytosis (30).  

Adaptive immunity responses require time to develop and most likely rely on innate 

mechanisms to control the incoming virus. Additionally, approximately half of HESN 



12 
 

individuals lack any detectable HIV-specific adaptive immune response, suggesting 

that innate immune mechanisms are involved in natural resistance to HIV infection.  

Soluble factors are part of antiviral mechanisms of innate immunity; these are 

secreted by a variety of cells, being an important part of mucosal defenses. 

Defensins are small cysteine-rich cationic peptides that display potent antiviral 

features (31); there are 3 groups of defensins (α, β, and θ), α and β have are 

associated with resistance in several HESN studies. The group of human β-

defensins (HBD) are the most widely studied, such as HBD-1, HBD-2 and HBD-3. 

HBD-1 is constitutively expressed in oral mucosa, while 2 and 3 are induced by 

several stimuli including virus.  

In 2016, our group reported an increase in HBD-2 and 3 expression in a cohort of 

exposed individuals (32); these molecules are able to inhibit HIV-1 infection (of both 

X4 and R5 tropic viruses) by direct virus inactivation and downregulating CXCR4 

expression (33). In addition, it has been reported that polymorphisms in genes 

encoding HBD, DEFB1, 2 and 3 are over-represented in HESN. That is the case of 

A692G that is correlated with an increased expression of HBD-1 (34). α-Defensins 

have an important role in protection against vertical transmission. Studies in 

seropositive mothers showed an association between high concentrations of α-

Defensins and low risk of birth and postnatal HIV transmission. Other studies have 

shown that a lack of HBD expression allows transmigration of virions within oral 

mucosa and increases the risk of mother-to-child HIV-1 transmission through 

breastfeeding (35, 36). 

The apolipoprotein B mRNA editing enzyme catalytic polypeptide like 3 (APOBEC3) 

family includes seven members; these genes encode for cytidine deaminases 

capable of inducing G to A hyper-mutation in the viral genome, inhibiting the correct 

viral replication. HESN individuals express higher levels of APOBEC3G mRNA at 

basal, and after IFN-α stimulation compared to healthy controls and HIV positive 

individuals (37). APOBEC3G antiviral function is counteracted by the HIV protein, 

virion infectivity factor (Vif), which leads APOBEC3 proteins to proteasome 

degradation. There is one APOBEC3H haplotype that is resistant to Vif action; this 
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haplotype, named Hap1 is over-represented in HESN compared to HIV positive 

individuals (38). Increased expression of other members of this family like 

APOBEC3F has been also associated with a decreased risk of HIV-1 infection and 

slow progression to AIDS (39). 

Other soluble factors found increased in HESN include SLPI, Serpin, TRIM5-α, 

ELAFIN, and RNases. SLPI is secreted primarily by epithelial cells lining mucosal 

surfaces and it has an important role in protection against vertical transmission. 

Higher levels of SLPI in saliva were associated with a lower risk of HIV infection in 

babies born to positive mothers exposed via breastfeeding (40). Likewise, SLPI 

levels in the vaginal fluid of positive women who transmit HIV to their babies were 

lower compared with non-transmitting women (41). Our group reported that 

Colombian HESN had higher expression of this protein in oral mucosa compared to 

healthy controls (34). 

TRIM5-α, a member of the tripartite motif (TRIM) family has shown to be a highly 

species-specific restriction factor against retroviruses. Although the anti-viral 

mechanism of this molecule is not fully understood, it is well known that TRIM5-α 

displays proteasome-dependent and independent restriction capacity. Higher 

expression of this molecule is associated with low HIV-1 viral loads (42). Our group 

also report an increase of TRIM5-α mRNA in the genital mucosa of HESN compared 

to healthy controls (43). 

Serpin and Elafin are protease inhibitors that affect virus attachment and transcytosis 

in epithelial cells. Serpin, in addition, reduces the production of pro-inflammatory 

cytokines (44). HESN exhibit higher mRNA levels of these molecules in PBMCs, 

GALT, and genital mucosa compared to healthy controls (43). RNases are 

antimicrobial peptides with reported antiviral activity; we have previously reported 

that recombinant RNase-1 inhibits primary infection of T cell blasts (45). We have 

also reported increased levels of RNase-1 in cervical samples of HESN compared 

to healthy controls and seropositive individuals (46). 

Immune activation, at the site of infection, is one of the critical factors for the 

establishment of HIV infection, and later on, is a significant factor involved in the 
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destruction of the immune system and disease progression (47, 48). Therefore, a 

lower immune activation state of target cells could be related to a lesser ability to 

sustain viral replication, resulting in reduced susceptibility to HIV infection. Lower 

immune activation together with basal lower production of proinflamatory citokines 

are part of the quiescent phenotype (49). The immune-quiescent profile has been 

found in cells from peripheral blood and mucosa of different HESN cohorts, such as 

serodiscordant couples, CSW, and MSM (50-52).  

Studies carried out in CSW from the Pumwani cohort, have shown that reduced 

susceptibility to HIV was related to a lower frequency of CD4+ T cells expressing 

CD69 activation marker, and an elevated number of Treg cells (53). Mucosal 

explants from MSM exhibit a lower production of pro-inflammatory cytokines, after 

stimulation with inactivated whole pathogens, while anti-inflammatory cytokines and 

frequency of immune cells were similar compared to controls (50). A decreased 

expression of genes implicated in T cell receptor signaling, leukocyte homing as well 

as genes associated with HIV integration and replication has been described (54-

56). 

Conversely, other studies have shown that the immune activation state is related to 

protection against HIV infection. In these studies, a higher number of activated T 

lymphocytes, higher release of pro-inflammatory cytokines and decreased 

percentage of naïve T cells have been repeatedly found in HESN cohorts. In 2000, 

Biasin et al. reported an increase in pro-inflammatory cytokines secretion and 

chemokine receptors expression in cervical biopsies of HESN women; in this study, 

specific IFN-ɣ secreting cells was also reported (57). More recently, Tomescu et al. 

reported an increased expression of activation markers CD69 and CD83 in NK and 

myeloid dendritic cells in HESN, IDU subjects, compared to low-risk non-sharing 

needles IDU subjects (58).  

Although there is no consensus on the role of immune activation in HIV protection, 

there is a line of work, that attributes these contrasting results to differences in the 

intensity of exposure among studied cohorts; where occasional contacts resulted in 
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immune activation, while massive and repeated exposure resulted in immune 

quiescence, as observed in Nairobi CSW cohort (59).  

Alleles of MHC involved in protection against HIV infection and slow progression to 

AIDS have been also reported. HLA-B alleles can be divided into two groups, based 

on the expression of molecular epitopes, HLA-Bw4 and Bw6. Both, have a role in 

presenting viral peptides for immune recognition. HLA-Bw4 alleles have been 

associated with slow progression to AIDS; individuals homozygous for Bw4 alleles 

exhibit a profound suppression of HIV viremia and a normal CD4+ T cell count (60, 

61). 

In addition to present viral peptides, Bw4 but no Bw6 act as a ligand of natural killer 

cell inhibitory receptors (KIR). The combined genotype of Bw4 with KIR3DS1/L1 has 

been associated with natural resistance to HIV infection in several studies (62, 63). 

In a cohort of female CSW, in the context of this genotype, the absence of ligands 

to inhibitory KIRs reduced the activation threshold of NK cells, leading to an 

increased activation (64). These data support the important role of KIR/HLA 

interaction for HIV infection control. 

Specific variants like HLA-B*57 and B*27 has been associated with better control of 

the infection; these molecules are restricted to gag epitopes, and they induce a more 

efficient response of CTL and delayed escape mutations (65-67)  

Other alleles like HLA-B*18 has been related to protection against HIV-1 infection 

during mother to child transmission; in contrast, B*35 and B*58:02 have been 

associated with inefficient control of HIV replication and rapid progression to AIDS. 

HLA-C alleles. Although less frequent, it has been also associated with viral control 

(68) 

1.1.4 NK cells in natural resistance to HIV infection 

An increase in NK cells effector capacity has been described within the innate 

immune mechanisms associated with natural resistance to HIV-1 infection. These 

cells may contribute to the control of HIV infection in several ways. NK cells are 

essential in the induction of adaptive immune response. Besides, they can eliminate 
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infected cells trough cytotoxic mechanisms and they are major producers of β-

chemokines, which avoid the infection of new cells by blocking viral co-receptors. 

In 2003 Scott-Algara et al. reported, for the first time, an increase in the effector 

capacity of NK cells in IDUs who remained uninfected despite several years of high-

risk practices. NK cells from HESN IDU shown a higher cytotoxic capacity, compared 

with NK cells from healthy controls and other IDUs who seroconverted during the 

study (69); similar findings were published by Tomescu et al. (58). Not only natural 

cytotoxicity, but soluble factors production and antibody-dependent cellular 

cytotoxicity (ADCC) has been related to natural resistance to HIV infection. High 

levels of IFN-ɣ production by NK cells have been associated with the maintenance 

of seronegative status in infants born to HIV positive mothers, IDU and 

serodiscordant couples, similar results have been published for β-chemokines (69-

73). The role of these molecules in the context of HIV infection is mentioned in depth 

further in the theoretical framework. 

ADCC mediated by NK cells has gained importance in the field of natural resistance 

to HIV infection in the last years. In 2015, Chung et al. reported a correlation between 

NK cells effector activities (degranulation, IFN-ɣ, and CCL4 production) and non-

neutralizing HIV-specific antibodies, produced after HIV vaccination (74). These 

antibody-dependent functions have been associated with spontaneous control 

observed in elite controllers (75). These results suggest that HIV specific non-

neutralizing antibodies, mediating ADCC, may play a protective role in HIV infection, 

offering a new field for HIV treatment and vaccine research.  

In 2006, NK cells with memory characteristics were described in animal models (76). 

Later, in 2015, Reeves et al. reported the ability of these cells to eliminate dendritic 

cells pulsed with vaccine proteins from SIV vaccinated rhesus macaques (77). These 

memory NK cells have been found in higher frequencies in HESN individuals 

compared with healthy controls and HIV infected individuals, in this same study, the 

frequency of memory NK cells was positive correlated to HCMV titers (78). HCMV 

infection seems to be the main trigger for NK cells differentiation to memory NK cells. 
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In HIV infected individuals, the frequency of memory NK cells correlates with a lower 

viral set point establishment, suggesting that memory NK cells can contribute to the 

control of HIV replication, pointing towards a resistant phenotype (79). The role of 

NK cells during HIV infection, as well as recent findings related to the memory NK 

cells, are further explained in detail in the theoretical framework section. 

1.2 Theoretical Framework 

Review: NK Cells in HIV-1 Infection: From Basic Science to Vaccine Strategies. 

Flórez-Álvarez L, Hernandez JC, Zapata W. NK Cells in HIV-1 Infection: From Basic 

Science to Vaccine Strategies. Front Immunol. 2018;9:2290. Published 2018 Oct 17. 

doi:10.3389/fimmu.2018.02290  
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1.3 Problem statement 

As mentioned before, there are several cohorts for the study of HESN individuals. 

Each of these cohorts represents an important source of information in the field of 

natural resistance to HIV. Despite the fact that serodiscordant couples are a common 

cohort for HESN study, there is a controversy on the real exposure of these 

individuals. Currently, most serodiscordant couples are recruited from transmitted 

disease clinics where positive individuals are under treatment while their partners 

receive counseling and medical accompaniment. This situation decreases risk 

behaviors, reducing the incidence, but also the number of sexually-exposed  

uninfected individuals for being recruited in the studies (14).  

Although the extensive following of CSW cohorts has brought valuable information 

on natural resistance mechanisms, most CSW are women, generating a gap on the 

mechanisms that could be specific in men. Studying natural resistance mechanisms 

in men is necessary since this popultion is still carrying a disproportionate burden of 

HIV infection in many countries. For instance, in Colombia, men represent 74.6% of 

people living with HIV (1).  

MSM represent an interesting cohort for the study of natural resistance mechanisms 

based on their social and biological characteristics that make them a very high-risk 

population, representing near to 69% of HIV positive men around the world (80). In 

Latin America, MSM represents 41% of people living with HIV; moreover, in some 

countries of Latin America, AIDS incidence is thirteen times higher among MSM than 

among heterosexual men (81). This high-risk tendency in the MSM population is 

conserved in different scenarios where it has been evaluated (82, 83).  

Althought MSM represent a little percentage of the Colombian population, around 

2%, they deserve special attention since 61.9% of the new infections are 

concentrated on them (5). This scenario is similar to other countries like E.E.U.U, 

where the number of MSM cohorts for the study of HIV resistance keeps rising in 

order to find immune and genetic mechanisms associated with a natural resistance 

against HIV (84). The Multicenter AIDS Cohort Study (MACS) is one of the largest 

cohorts for the study of HIV-1 infection in gay and bisexual men and include HESN 
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individuals; these studies have reported mechanisms associated with natural 

resistance to HIV infection and slow progression to AIDS on these individuals (50, 

85). 

There are biological and social factors that contribute to the high risk of acquiring 

HIV observed in MSM, which is 22 times higher compared with the general 

population (1). The nature of sexual intercourse between MSM represents a high-

risk practice by itself. Receptive anal intercourse is one of the riskiest sexual 

behavior for HIV transmission. Receptive anal intercourse implies a risk of 138 

infections per 10.000 exposures, while receptive penile-vaginal intercourse 

represents a risk of 8 infections per 10.000 exposures. In fact, anal intercourse 

represents a higher risk that sharing needles (63 infections per 10.000 exposures) 

(20).  

The gastrointestinal mucosa contains the majority of CD4+ T cells of the body, 

representing the largest reservoir and site of HIV replication (86). These tissues are 

densely populated also with dendritic cells and macrophages expressing CCR5 and 

CXCR4, making them susceptible to HIV infection (87). Besides, the epithelium of 

rectal mucosa is made by a single layer of columnar epithelium more prompt to 

laceration that stratified epithelium of the vagina, bringing to the virus easier access 

to a large population of activated lymphocytes residing in the GALT (86).  

Additionally, in this tissue, the passage of viral particles from the lumen to target cells 

is facilitated by dendritic cells projections that extend into the epithelial compartment 

(88).  

Regarding the social factors, unprotected sex is one of the main factors associated 

with the high prevalence of HIV among MSM. UNAIDS reported than in 33 of the 87 

countries studied, less than 60% of MSM reported condom use in the last anal sex 

encounter (19). Lack of knowledge of serological status also contributes to these 

statistics, primarily in Latin America. Studies conducted in developed countries show 

that the percentage of MSM that never tests for HIV is below 30% (89, 90), while in 

Latin America and Africa is 40% or higher (91, 92). These low levels of HIV testing 

are related to homophobic stigma, discrimination, and violence, which made MSM 



33 
 

less likely to access HIV diagnostic services (93). Finally, there are other factors, 

such as the high prevalence of illegal drug use and the high prevalence of STIs, 

which increase the risk of acquiring HIV in this population. 

Some mechanisms described in CSW and serodiscordant couples have been 

described in MSM, as the quiescent phenotype in the mucosa (50). However, many 

others remain to be studied in this cohort, including the increased effector capacity 

of NK cells, which represents an important mechanism of natural resistance found 

in other HESN cohorts (58, 69). 

 Medellin is one of the cities with a higher prevalence of HIV among the MSM 

population, 20.7%, compared to 17% that is the general prevalence for MSM in the 

country (94). MSM from Medellin city reflects the high-risk situation of MSM around 

the world, and they can be an important source of information about the role of NK 

cells in the natural resistance phenomenon. So far, there are no studies on 

resistance mechanisms in MSM in Colombia. Besides, there is no information about 

increased NK activity or the frequency of memory NK cells and their possible 

implication in this phenomenon in MSM. 

2. OBJECTIVES 

2.1 General objective 

 To evaluate the role of NK cells in the natural resistance to HIV-1 infection in 

MSM from Medellin. 

2.2 Specific objectives 

 To determine the phenotype and frequency of NK cells of MSM individuals 

including the memory NK cell phenotype. 

 To evaluate the natural cytotoxicity of NK cells obtained from peripheral blood 

of MSM in response to co-culture with the K562 cell line. 

 To quantify the expression of Granzyme B, MIP-1β, IFN-ɣ, and CD107a as 

markers of NK cell activation, obtained from MSM, in response to the 

stimulation with an HIV-1 infected cell line  
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 To determine the relative expression of RANTES, MIP-1β, MIP-1α, Perforin, 

Granzyme B, TNF-α and IFN-ɣ, associated with the antiviral activity of NK 

cells, from mRNA obtained from PBMC. 

 To establish the frequency of HLA/KIR alleles combination associated with a 

protective phenotype against HIV-1 infection. 

 

2.3  Hypothesis and research question 

Based on the evidence from previous studies, conducted in different HESN cohorts, 

we hypothesize that there is an increase in the effector activity of NK cells from MSM 

at high-risk of HIV infection, compared to low-risk MSM, reflected in an increase of 

one or several of the following parameters i) production of effector molecules; ii) 

cytotoxic activity of NK cells; iii) expression of molecules associated with NK activity; 

iv) frequency of NK cells with memory phenotype (CD56dimCD57+NKG2Chigh), and 

v) the frequency of HLA/KIR phenotype associated with protection against HIV 

infection 

Our study pretends to glimpse data about what is the role of NK cells in the 

phenomenon of natural resistance to HIV-1 infection, observed in high-risk MSM 

from Medellin. 

 3. MATERIALS AND METHODS  

3.1 Study population 

Forty-two MSM from Medellin city were recruited. MSM were divided into two groups: 

i) MSM at high risk of infection: MSM with more than 15 different sexual partners in 

the last 3 months with unprotected sexual intercourse reported (high-risk MSM), and 

ii) MSM at lower risk of infection: MSM with less than 4 different sexual partners in 

the last 3 months with unprotected sexual intercourse reported (low-risk MSM). MSM 

younger than 18 years of age, positive for HIV 1/2 rapid test (SD BIOLINE, Abbott), 

positive proviral DNA PCR or homozygous for CCR5 Δ32 mutation were excluded 

(Supplementary figure 1). 
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Signed informed consent and a questionnaire for risk behaviors were obtained for 

each individual after an explanation of the study. Later, 50mL of peripheral blood 

was taken with a disposable syringe. The ethics committee from the Universidad de 

Antioquia approved the development of the study.  

3.2 PCR for Δ32 mutation and proviral DNA  

DNA was extracted from PBMCs with a phenol-chloroform protocol. Briefly, unfrozen 

PBMC were incubated with 1 mL of a white blood cells lysis buffer, containing Tris 

HCl 1M (Invitrogen, Waltham, MA, USA), EDTA 0.5M (PanReac AppliChem, 

Darmstadt, Germany), NaCl 5M (Merck, Kenilworth, NJ, USA) and SDS 0.1% 

(PanReac AppliChem), along with 7 µL proteinase K (Thermo Scientific, Wilmington, 

DE, USA), at 56ºC overnight. After the incubation, 1 mL of phenol/chloroform pH 

6.7/8.0 (AMRESCO, Solon, OH, USA) was added to the samples, followed by a 

centrifugation step at 2450 x g for 15 min. The aqueous phase was transferred to a 

new vial, where 1 mL of ice-cold isopropanol (Merck, Kenilworth, NJ, USA) was 

added. The samples were kept at -20ºC for DNA precipitation, followed by a 

centrifugation step at 18000 x g; the supernatant was carefully discarded, and 1 mL 

of 70% ethanol (Sigma-Aldrich, St. Louis, MO, USA) was added to further spin the 

sample at 6800 x g for 5 min. The ethanol supernatant was removed and the DNA 

was finally suspended in NaOH 8mM and incubated at 56ºC for 1 hour. DNA 

quantification was performed in a NanoDropTM 1000 Spectrophotometer (Thermo 

Scientific), and samples were stored at -20ºC until they were used. 

The Δ32 mutation at the CCR5 gene was detected by PCR with the following 

protocol: 95°C 3 min, 30 cycles of amplification at 95°C for 30 sec, 56°C for 30 sec 

and 72°C for 30 sec, and a final extension step 72°C for 5 min. The PCR product 

was observed by electrophoresis in a 2% agarose gel. For wild-type genotype 

(CCR5/CCR5), a 225bp PCR product was obtained, a product of 193 bp indicated a 

mutant homozygous genotype (∆32/∆32). The presence of both bands indicates a 

heterozygous genotype (CCR5/∆32). Primers used for Δ32 PCR were: Δ32 Fwd: 5’-

ACCAGATCTCAAAAAGAAGGTCT-3’, Δ32Rv: 5’- 

CATGATGGTGAAGATAAGCCTCACA-3’. 
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To determine the presence of proviral DNA the env gene was amplified by nested 

PCR with the following protocol: 3 cycles at 94°C for 1 min, 64°C for 1 min, 72°C for 

1 min, 37 cycles of amplification at 94°C for 15 sec, 64°C for 45 sec, 72°C for 1 min, 

and finally 72°C x 5 min. The second PCR amplified the HIV-1 env C2V3C3 region 

with the following protocol: 3 cycles at 94°C for 1 min, 55°C for 1 min, 72°C for 1 min, 

37 cycles of amplification at 94°C for 15 sec, 55°C for 45 sec, 72°C for 1 min and 

finally 72°C x 5 min. The PCR product was observed by electrophoresis in a 1.5% 

agarose gel. A product of 562bp indicates the presence of integrated HIV DNA. The 

primers sequences are in Supplementary Table 1 

3.3 Determination of anti HCMV IgG titers  

Titers of anti-IgG antibodies specific for HCMV were determined using a Human Anti-

Cytomegalovirus IgG ELISA Kit (CMV) (Abcam, Cambridge) according to the 

manufacturer’s instructions.  

3.4 Frequency and phenotype of NK cells 

Aliquots of whole blood specimens (170µL) were stained using the following 

monoclonal antibodies (Mabs): CD45 (HI30), CD56 (CMSSB), CD3 (UCHT1), CD57 

(TB01; All Thermo Scientific, Wilmington, DE, USA); NKG2C (134591; R&D 

Systems) and CD16 (3G8; BD Biosciences, San Jose, CA, USA) during 25 min in 

dark. After staining, the sample was treated with a lysing solution (BD Biosciences) 

according to the manufacturer's instructions to eliminate red blood cells. Finally, cells 

were washed twice with Phosphate-Buffered Saline (PBS) (Lonza, Rockland, ME, 

USA) and were suspended in paraformaldehyde 2%. Cells were acquired using LS 

Fortessa (BD Biosciences) and data were analyzed using FlowJo version 10.5.3 

(FlowJo, LLC, Oregon, USA).  

3.5 Natural cytotoxicity assays 

The PBMCs were isolated through a density gradient with Ficoll-Histopaque (Sigma-

Aldrich) by centrifugation at 400 x g for 30 min; then PBMCs were washed 3 times 

with PBS (Lonza) to eliminate platelets and debris. After, cells were counted and 

frozen until they were used. 
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Cells were thawed and let in culture for 24h before each experiment. For natural 

cytotoxicity assays, K562 were used as target cells, because of the absence of 

classical HLA I molecules expression. Before the culture, 1x106 K562 were stained 

with eFluor670 (Thermo Scientific) 0.1mM in 1mL of PBS for 10min at 37°C (Lonza). 

Then, PBMCs were co-cultured with K562 cells in round-bottom tubes at 10:1 

relation (1x106 PBMCs:1x105 K562) in 200uL of RPMI with 10% of fetal bovine serum 

(FBS) (Gibco, Grand Island, NY) for 4h at 37°C with 5% CO2. 

After incubation, cells were stained with propidium iodide (PI) (Thermo Scientific) 

and DIOC-6 (Thermo Scientific) to evaluate the integrity of the cell and 

mithochondrial membrane respectively. K562 were cultured in the absence of 

PBMCs as a spontaneous apoptosis control. For every assay, spontaneous 

apoptosis should be less than 15%; the percentage of cytotoxicity was adjusted 

based on this data. 

3.6 NK cell activation assays  

K562 and H9HTLVIII cell lines were used as target cells; H9HTLVIII cells were used 

to evaluate the activation of NK cells against HIV-1 infected cells. Both cell lines 

were cultured in RPMI (Sigma-Aldrich) supplemented with 10% of FBS (Gibco) at 

the density of 1x106 per mL until the co culture. 

Fresh PBMCs (at density of 5x106cells/mL) were stimulated with 25ng/mL of IL-15 

(Thermo Scientific) in 6 well plates with 2mL of RPMI (Sigma-Aldrich) supplemented 

with 10% of FBS (Gibco) overnight. Then, PBMCs were cultured in round-bottom 

tubes at 10:1 relation with target cells (1x106 PBMC:1x105 target cells) in 300uL of 

RPMI (Sigma-Aldrich, St. Louis, MO, USA) with 10% of FBS (Gibco), 6ug/mL of 

Brefeldin A (Thermo Scientific), 2mM of Monensin (Thermo Scientific) and 1uL of 

Anti CD107a (BD Biosciences) for 4h at 37°C, 5%CO2. 

Before staining, cells were incubated with 100uL of IgG (20mg/mL) to block Fc 

receptors. After Fc receptor blocking, cells were stained with Mabs against CD45 

(HI30; Thermo Scientific), CD56 (CMSS; Thermo Scientific,) and CD16 (3G8; BD 

Biosciences) during 20 min in the dark. Then, cells were permeabilized with 
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Foxp3/Transcription Factor Staining Buffer Set (Thermo Scientific) according to the 

manufacturer´s instructions. After, cells were stained with anti CD3 (UCHT1; All 

Thermo Scientific), IFN-ɣ (4S.B3, Biolegend), Granzyme B (BD Biosciences) and 

MIP-1β (BD Biosciences) for 25 min in dark. Finally, cells were suspended in 350uL 

of paraformaldehyde 2% and they were acquired using LS Fortessa (BD 

Biosciences). Data were analyzed using FlowJo version 10.5.3 (FlowJo, LLC).  

3.7 Effector molecules quantification by CBA 

Supernatants of NK cell activation assays were collected and stored at -80°C until 

they were used. Supernatants were unthawed at 4°C, just before the Cytometric 

Bead Array (CBA) assay. For CBA, flex set for MIP-1α, RANTES, TNF-α and IFN-ɣ 

(BD Biosciences) were included. 

CBA was done according to the manufacturer´s instructions. After procedure, beads 

complex were acquired using LS Fortessa (BD Biosciences). Data were analyzed 

using FlowJo version 10.5.3 (FlowJo, LLC).  

3.8 mRNA quantification by real-time RT-PCR  

Total RNA was purified from PBMCs using a commercial kit (Direct-zol RNA 

Miniprep kit, Zymo Research) according to the manufacturer´s instructions. The RNA 

was retrotranscribed to cDNA using a high capacity cDNA reverse transcription kit 

(Thermo Scientific). PCR reactions were performed using the Maxima SYBR Green 

qPCR master mix kit (Fermentas, France). Real-time RT-PCR was performed in a 

QuantStudio 5 Real-Time PCR System (Thermo Scientific). The data are expressed 

as relative units of each gene normalized against the constitutive gene PGK 

(Phosphoglycerate kinase) using the formula 1.8−[ΔCt], where 1.8 corresponds to 

the mean PCR efficiency of 80%. The primers sequence and PCR conditions are 

described in Supplementary Table 2. 

3. 9 HLA and KIR typing 

HLA and KIR genotyping was performed in collaboration with the Hospital San 

Vicente Fundación. HLA genotyping was done using the DNA hybridization assay 

LifeCodes HLA-SSO Typing (Immucor, Stamford, CT, USA) with SSO probes 
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atached to multicolored beads; the bead complexes were detected with a Luminex 

100 Flow cytometer. KIR alleles were genotyped using RSSOKIR (One-Lambda, 

Canoga Park/CA) a multiplex polymerase chain reaction sequence-specific primer 

reaction. 

3.10 Statistical analysis 

To compare data from high-risk MSM vs. low-risk MSM, Mann–Whitney U or t-

student test were done, depending on the bivariate normality assumption according 

to the Shapiro-Wilk normality test. Correlation analyses were based on Spearman 

correlation coefficient calculation. A p-value <0.05 was considered statistically 

significant. The statistical tests were performed using the GraphPad Prism Software 

version 7.02. 

 

4. RESULTS 

4.1 MSM socio-demographic data 

Forty-two MSM who fulfilled inclusion criteria were enrolled in the study. Some socio-

demographic data are summarized in Table 1. High-risk MSM has a median number 

of sexual partners in a lifetime of 1200 compared to 29 of low-risk MSM, showing a 

higher sexual exposure, not only in the previous 3 months to the study, as inclusion 

criteria, but also during all active sexual life. History of HIV-positive sexual partners, 

sexually transmitted disease (STD) (p=0.003) and the heterozygous phenotype for 

CCR5 ∆32 mutation was frequent in high-risk MSM. The percentage of condom use 

was near 50% in both groups. The age of onset of sexual intercourse was similar 

between both groups; however, high-risk MSM were older and showed a higher 

duration of high-risk sexual activity compared to low-risk MSM.  

Table 1. Socio-demographic data of study participants 
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The most common STDs were gonorrhea and syphilis in all study population (Figure 

1A). When STD frequency was evaluated based on the nature of the causing agent, 

the results showed that STD with viral origins like herpes and condyloma were more 

frequent in low-risk MSM. (Figure 1B). 

 

Figure 1. Lower frequency of viral STD in high-risk MSM. A. Distribution of STD 

among all study participants (STD history was auto-reported by each individual in the 

questionnaire). B. Distribution of STD according to the nature of causing agent (viral or 

bacterial) between both groups. 
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4.2 High-risk MSM exhibit a more mature phenotype in NK cells 

compartment compared to low-risk MSM 

The frequency and phenotype of NK cells in peripheral blood of MSM were analyzed 

by flow cytometry. The two main NK cell subpopulations CD56bright and CD56dim, as 

well as terminally differentiated NK cells, identified by the expression of the 

maturation marker CD57, were analyzed. Memory NK cells, terminally differentiated 

NK cells with high expression of activating receptor NKG2C, were also included in 

the analysis (Figure 2A).  

Although there were no differences in the percentage of CD56bright NK cells (1.1±0.4 

vs 1.4± 0.6 p=0.09) (Figure 2B) between both groups, the percentage of CD56dim 

NK cells was higher in high-risk MSM compared to low-risk MSM (50±17.1 vs 38.4± 

8.3 p=0.041) (Figure 2C). No significant differences were observed in the frequency 

of CD56dim subpopulations, CD56dimCD16- and CD56dimCD16+(Figure 2D, E). The 

frequency of terminally differentiated NK cells was also higher in high-risk MSM 

(76.2±8.7 vs 59± 15 p=0.001) (Figure 2F).  
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Figure 2. High-risk MSM has a higher frequency of CD56dim cells and terminally 

differentiated NK cells. A. Representative gating strategy identifying NK cell 

subpopulations. NK cells were selected on CD45+CD3- cells from peripheral blood; 
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after, according CD56 and CD16 expression three NK cells subpopulation were 

defined: 1) CD56bright, 2) CD56dimCD16- and 3) CD56dimCD16+. On CD56dim 

subpopulation (2+3), the cells expressing CD57 marker were defined as terminally 

differentiated NK cells: 4) CD56dimCD57+. On the last subpopulation, two gates were 

done 5) CD56dimCD57+NKG2C+, and 6) CD56dimCD57+NKG2Chigh, based on 

NKG2C expression. CD56dimCD57+NKG2Chigh NK cells were defined as Memory NK 

cells. B, C, D, E, and F. Frequencies of NK cell subpopulations in peripheral blood; 

the results are shown as mean± SD, n: 15;12. Statistical evaluations were made with 

Unpaired t-test (B, C, E, F) or Mann-Whitney U (D). *p<0.05, and **p<0.01. 

It has been proposed that NK cells subpopulations correspond to different maturation 

stages. CD56bright the most immature, and CD56dimCD16+ the most mature stage, 

the last one, is the cellular compartment where most of the terminally differentiated 

NK cells are located. The CD57 maturation marker is positive regulated during the 

maturation process and it allows to identify of those maturation stages as shown in 

Figure 3A. The median fluorescence intensity (MFI) of CD57 in NK cells 

subpopulations was evaluated to compare the maturation of NK cells in each 

subpopulation between groups. 

Results indicate that CD56bright (2570±1633 vs 1230±880 p=0.010), CD56dimCD16- 

(3558±1826 vs 1419±1051 p=0.0003), and CD56dimCD16+(5619±2498 vs 2469± 

1598 p=0.0009) (Figure 3B) cells of high-risk MSM have a higher MFI of CD57. 

These results indicate a more mature phenotype of NK cells in high-risk MSM when 

compared with low-risk MSM.  
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Figure 3. NK cells from high-risk MSM exhibit a more mature phenotype than 

low-risk MSM. A. Histogram representing the CD57 expression on NK cell subpopulations. 

CD56bright, the immature population, has little or no expression of CD57. CD56dimCD16+ cells 

showed a higher frequency and intensity in the expression of this marker according to their 

maturation stage, while CD56dimCD16- show an intermediate expression B. MFI of CD57 on 

NK cells subpopulations. Line inside the box indicates mean and whiskers min to max value. 

n:15,12. Statistical evaluations were made with Mann-Whitney U. *p<0.05, **p<0.01, and 

***p<0.001. 

 

4.3 Memory NK cells are more frequent in high-risk MSM than in low-risk 

MSM 

Accumulating evidence indicates there is an NK cell subpopulation with certain 

adaptive characteristics. Memory NK cells are terminally differentiated NK cells that 

under certain stimuli, frequently associated with HCMV infection, suffer some 

phenotypic and functional changes. These changes include the acquisition of 

memory features and the up-regulation of NKG2C expression, which represents the 

key activation receptor of memory NK cells.  

The frequency of memory NK cells (CD56dimCD57+NKG2Chigh), as well as MFI of 

NKG2C, was evaluated in both groups. The results show that high-risk MSM has not 

only a higher frequency of these cells compared to low-risk MSM (34.3±19.7 vs. 

12.4±15.2 p=0.006) (Figure 4A), but also indicate a higher density of NKG2C 
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expression on CD56dim NK cells (837.4±455.5 vs 334.2±312.6 p=0.0026) (Figure 

4B). 

The frequency of memory NK cells has been related to the aging process along with 

the exposition to HCMV. Previously, the levels of anti HCMV IgG has been related 

to higher numbers of memory NK cells. For that reason, the levels of anti HCMV IgG 

were evaluated in order to explain the higher frequency of memory NK cells of high-

risk MSM. High-risk MSM exhibit titers of anti HCMV IgG ranging from 176.2 to 1845 

and low-risk MSM from 79 to 814.5 UI/mL indicating there is no difference between 

both groups (p=0.217). 

 As shown in sociodemographic data, high-risk MSM were older than low-risk MSM; 

for that reason, the correlation between the frequency of memory NK cells and the 

age was evaluated in study participants. There was no correlation between this both 

variants (r=0.0137, p=0.9457) (Figure 4C). However, there was a strong positive 

correlation between the frequency of memory NK cells and the number of sexual 

partners in a lifetime (r0.6219, p=0.0007) (Figure 4D), but no with sexual partners 

in the last three months (data not show). This data suggests that the magnitude of 

sexual exposure, measured as the number of sexual partners, could be the trigger 

for memory NK cells expansion rather than aging. 

 



46 
 

 

Figure 4. Memory NK cells are more frequent in high-risk MSM. A. Frequency of 

memory NK cells. B. MFI of NKG2C on CD56dim NK cells. C, D. Correlation of memory NK 

cells frequency with age and sexual partners in all life respectively. Statistical evaluations 

were made with Mann-Whitney U or Spearman´s correlation test. *p<0.05, **p<0.01  

A strong correlation was found between the number of sexual partners in a lifetime 

and the density of NKG2C expression on CD56dim NK cells (r=0.7545, p<0.0001) 

(Figure 5A), this at the same time correlates with the frequency of memory NK cells 

(r=0.8023, p<0.0001) (Figure 5B). It is confirming the strong nexus that exist 

between sexual exposure and the frequency of memory NK cells found in peripheral 

blood of these individuals. 
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Figure 5. The magnitude of sexual exposure is strongly correlated with the 

density of NKG2C expression A. Correlation of MFI of NKG2C on CD56dim NK cells 

and sexual partners in a lifetime. B. Correlation of MFI of NKG2C on CD56dim NK cells and 

the frequency of memory NK cells. Statistical evaluations were made with Spearman´s 

correlation test. *p<0.05, and **p<0.01. 

 

4.4 Cytotoxic activity of NK cells is higher in high-risk MSM than in 

low-risk MSM 

A higher cytotoxic capacity of NK cells has been reported in several cohorts for the 

study of HESN individuals and has also been related to protection against HIV 

infection. In this study, the cytotoxic capacity of NK cells in both groups of MSM was 

evaluated by co-cultures of PBMCs with the K562 cell line. A representative scheme 

of the cytotoxicity assessment is shown in Figure 6A. 

PBMCs of high-risk MSM showed a higher cytotoxic capacity than low-risk MSM 

against tumoral cell line K562 (44.2±18.7 vs 27.9±15.5 p=0.002) (Figure 6B). The 

cytotoxic capacity of NK cells and CD8+ T cells has been previously related to the 

expression of CD57; for this reason, the correlation between the frequency of cells 

expressing this marker and the cytotoxic capacity of NK cells in K562 co-culture was 

evaluated. There was a positive correlation between the cytotoxic capacity and 

CD56dimCD57+ frequency (r= 0.497, p= 0.009) in the K562 assay (Figure 6C), 

supporting the relation between CD57 expression and the cytotoxic capacity. 
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A correlation between MFI of CD57 and cytotoxicity was found in CD56dimCD16- NK 

cells (r=0.458, p=0.021), but no with other subpopulation (Figure 6D). 
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Figure 6. PBMCs from high-risk MSM exhibit a higher cytotoxic activity against 

K562 cells A. Representative gate of target cells (K562) selected by eFluor670 expression 

after 4h of culture. On the left the apoptosis control with target cells alone, on the right, the 

co-culture with PBMCs. B. The cytotoxic capacity of NK cells over K562 cells. The 

percentage of cytotoxicity is expressed as the percentage of cell death corrected with 

apoptosis control (live target cells are DIOC-6+/PI-). The results are shown as mean± SD, 

n:16,26. Statistical evaluations were made with unpaired t-test. C. Correlation of cytotoxicity 

with terminally differentiated NK cells. Pearson´s correlation test. D. Correlation of 

cytotoxicity with MFI of CD57 inCD56dimCD16- subpopulation. Pearson´s correlation test. 

*p<0.05, and **p<0.01. 

 

4.5 High-risk MSM exhibit higher frequency of IFN-γ-expressing NK cells 

and higher levels of MIP-1α after K562 co-culture  

In this assay, PBMCs from MSM were co-cultured with H9HTLVIII and K562 cells 

during 4h. Then, granzyme B, CD107a, MIP-1β, and IFN-ɣ were evaluated as 

activation markers, by flow cytometry. A representative scheme of the cytotoxicity 

assessment is shown in Figure 7. 
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Figure 7. Gating strategies to NK cells activation markers with H9HTLVIII and 

K562 stimuli. Expression of activation markers in total NK cells before the stimulus and 

after 4h of H9HTLVIII and K562 co-culture. 

There were no differences in the percentage of positive cells for effector molecules 

between both groups after H9HTLVIII stimulus (Figure 8A). However, in response 

to K562, high-risk MSM had a higher frequency of NK cells positive for IFN-ɣ at 4h 

post-culture (42.5±6.8 vs 32.6± 14.6 p=0.039) (Figure 8B).  
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 Figure 8. High-risk MSM shows a higher percentage of IFN-ɣ positive NK cells 

after K562 co-culture. A, B. Frequency of positive NK cells for effector molecules after 

4h co-culture. Granzyme B is shown as ∆Granzyme B (∆Granzyme B = % Granzyme B 

positive cells in unstimulated condition - % Granzyme B positive cells after H9HTLVIII or 

K562 stimuli). The subtraction represents the percentage of NK cells that degranulate 

Granzyme B in response to the stimulus. Line inside de box indicated mean and whiskers 

min to max value. n:15,10. Statistical evaluations were made with unpaired t-test. *p< 0.05. 
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Other effector molecules (MIP-1α, TNF-α, and RANTES) were evaluated inK562 co-

culture supernatants by CBA. High-risk MSM showed higher MIP-1α production 

compared to low-risk MSM (616.4 vs 46.1 p=0.005) (Figure 9A). IFN-ɣ production 

was detected in 18.7% of high-risk MSM supernatants but was not detected in any 

low-risk supernatant (data not shown). 

 

 

Figure 9. High-risk MSM produced higher amounts of MIP-1α after the K562 

co-culture. A, B, and C. Concentration of effector molecules in the supernatant after 4h 

of PBMCs and K562 co-culture, soluble factors were measured by CBA and are expressed 

as pg/mL. Statistical evaluations were made with Mann-Whiney test. *p<0.05, and **p<0.01. 
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4.6 High-risk MSM showed distinct functional profile of NK cell than low-

risk MSM 

After the evaluation of single molecule production, the functional profile of NK cells 

was evaluated with the same stimulus, H9HTLVIII, and K562 cell lines. The 

measured molecules included the expression of CD107a, as degranulation marker, 

MIP-1β, and IFN-ɣ. 

The results of the functional profile analysis showed a different NK cell population 

between both groups, which is characterized by CD107a+/IFN-ɣ+/MIP-1β- profile. 

These cells were more frequent in high-risk MSM compared with low-risk MSM with 

both H9HTLVIII (p=0.012) (Figure 10A) and K562 (p= 0.043) (Figure 10B) stimulus.  

After, the MFI of IFN-ɣ in NK cells with different functional profiles was determined. 

The MFI of IFN-ɣ in NK cells with CD107a+/IFN-ɣ+/MIP-1β- profile, was higher in high-

risk MSM compared to low-risk MSM (3499±1363 vs 2546±737 p=0.035) (Figure 

11B). Differences in the MFI of IFN-ɣ was not observed in NK cells with other 

functional profiles between groups (Figure 11A, C). These results showed that high-

risk MSM exhibit not only higher frequency but also major IFN-ɣ production in NK 

cells with this functional profile, which could explain their better functional activity.  

.
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Figure 10. High-risk MSM exhibit a higher frequency of NK cells with CD107a+/IFN-ɣ+/MIP-1β- profile A. Functional profile analysis of 

NK cells after co-culture with H9HTLVIII cell line B. Functional profile analysis of NK cells after co-culture with K562 cell line. The results are presented 

as mean. n:15,10. Statistical evaluations were made with unpaired t-test. *p< 0.05.
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Figure 11. NK cells with CD107a+/IFN-ɣ+/MIP-1β- profile had higher MFI of IFN-

ɣ in high-risk MSM. A, B, C. MFI of IFN-ɣ in CD107a+/IFN-ɣ+/MIP-1β+ , CD107a+/IFN-

ɣ+/MIP-1β- and CD107a-/IFN-ɣ+/MIP-1β- NK cells respectively. Line inside de box indicated 

mean and whiskers min to max value. n:15,10. Statistical evaluations were made with 

unpaired t-test. *p< 0.05. 

. 

4.7 Basal mRNA of IFN-ɣ is higher in high-risk MSM than low-risk MSM 

The relative expression of molecules associated with the effector function of NK cells 

was evaluated. Cytotoxic molecules (granzyme and perforin), β-chemokines (MIP-

1α, MIP-1β, and RANTES), IFN-ɣ and TNF-α were evaluated together with PGK as 

a housekeeping gene. 
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mRNA levels of IFN-ɣ in PBMCs were higher in high-risk MSM that in low-risk MSM 

at basal state (0.07±0.06 and 0.04±0.03 p=0.040) (Figure 12A). IFN-ɣ transcripts 

levels were correlated with the frequency of memory-like NK cells (r=0.405, p=0.039) 

(Figure 12B). 

No differences between groups were found when the relative expression of other 

molecules was evaluated (Figure 12 C- H).  
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Figure 12. High-risk MSM has higher levels of IFN-ɣ mRNA at basal state. A. 

Relative mRNA expression of IFN-ɣ. n:16,26. Statistical evaluations were made with 

unpaired t-test. Results are shown as mean± SD, *p<0.05. B. Correlation of Relative mRNA 

expression of IFN-ɣ with the frequency of memory-like NK cells. Spearman´s correlation 

test. C, D, E, F, G and H. Relative mRNA expression of the other molecules evaluated, the 

results are shown as mean± SD. n:16,26. Statistical evaluations were made with unpaired 

t-test  

4.8 KIR/HLA protective combination frequency 

Finally, the frequency of HLA-B and KIR receptor alleles was determined 

(Supplementary figures 2 and 3). The combination of certain HLA alleles 

expressed at the same time with some KIR alleles has been associated with 

resistance to HIV infection. The frequency of protective combination KIR3DL1/DS1-

HLA-B*Bw4 in homozygous state was established. 

HLA-B alleles belonging to Bw4 act as KIR3DL1 ligand. Bw4 alleles were more 

frequent in high-risk MSM in both, heterozygous and homozygous states. Inhibitor 

KIR3DL1 receptor was also more frequent in high-risk MSM compared to low-risk 

MSM. The protective phenotype KIR3DL1/DS1-HLA-B*Bw4/Bw4 was present in 

30.7% of high-risk MSM while this phenotype was present only in 8% of low-risk 

MSM. The HLA-B alleles HLA-B*18 and HLA-B*39 were enriched in high-risk MSMS 

groupThere  were no differences between groups when individual KIR alleles were 

compared.  
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Table 2. Frequency of KIR/HLA alleles associated with protection*. 

 

*The frequency of each phenotype is shown as a percentage and OR indicating how many 
times is more probable to find that condition in high-risk MSM group, column p correspond 
to Fisher's exact test  

 

5. DISCUSSION 

NK cells have a crucial role in controlling HIV-1 infection, by not only eliminating 

infected cells through cytotoxic mechanisms, but also producing effector molecules 

involved in the induction of adaptive immune response, and viral inhibition by 

receptor blocking, among others. The studies herein provide information on 

combinatorial mechanisms mediated by NK cells, protecting against HIV infection in 

some high-risk populations. These data revealed important characteristics in NK 

cells phenotype and functional capacity, which could correlate with natural protection 

against HIV infection exhibited by high-risk MSM. In fact, it is the first report of 

increased NK cell activity in the MSM population. 

The frequency of sexual partners in our high-risk MSM group overcome the numbers 

reported in previous studies of high-risk MSM, ranging from 3 to 6 different sexual 

partners in the past three months (95, 96). That frequency is considered a high-risk 

practice; indicating, that our high-risk population has similar or even higher exposure 
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than other MSM cohorts. The median of sexual partners in a lifetime indicates 

conserved high-risk practices during all sexual life. This fact, along with the high 

prevalence of STD and the fact that near to 60% of our high-risk group reported 

having at least one HIV positive sexual partner, reflects the magnitude of sexual 

exposure and immunological experience of this population. 

One dilemma in high-risk sexual cohort studies is the selection of control subjects. 

Many studies include low risk (non-MSM) individuals as controls; however, it is 

important to mention that including this kind of controls does not allow to evaluate 

factors as repeated anal intercourse, allo-exposure (due to sperm contact), and 

STDs, that most likely affect baseline immunological parameters (14). In this study, 

low-risk MSM represents individuals from the same MSM community (considered 

globally as a high-risk population), with less infectious pressure, insufficient to be 

considered HIV resistant based on the previously mentioned factors.  

Demographic data revealed that the frequency of CCR5 ∆32 mutation in 

heterozygous sate in our high-risk population was similar to the frequency found in 

other MSM cohorts from United States (12.9%) and Italy (20%) (97, 98). These 

frequencies are higher than frequencies reported for general population (near to 2%) 

(99) and have been related to a certain degree of protection in HESN cohorts (97, 

98) but no in general population (100). In 1998 Paxton et al. reported that CD4+ T 

cells with reduced CCR5 expression from HESN individuals, exhibit a decreased 

susceptibility to HIV infection in vitro (101). In 2005 Thomas et al. reported that the 

time that MSM remain seronegative despite high-risk sexual behaviors was negative 

correlated to the expression of CCR5 on CD4+ T cells and monocytes (102). 

Together, this data suggests that the high frequency of CCR5 ∆32 mutation in a 

heterozygous state, can contribute to the fact that high-risk MSM remains 

seronegative despite long periods of high-risk sexual behaviors. Especially if 

considered that CCR5 ∆32 mutation in heterozygous state is one of the main 

mutations related to a reduced receptor density (103). 

Evaluation of NK cells phenotype revealed higher frequencies of mature, terminally 

differentiated and memory NK cells in high-risk MSM. This population also showed 
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higher expression of the maturation marker CD57 in all NK cells subpopulations. It 

has been reported that NK cell maturation is a highly age-dependent process, where 

young people have high frequencies of CD56bright cells compared to older people that 

shows a higher frequency of CD56dim cells expressing maturation markers as CD57 

(104, 105). However, it is not clear if this phenomenon is explained by an intrinsic 

ageing process or by a cumulative exposure throughout the lifetime. Goodier et al. 

reported that in a Gambian population with high-frequency of HCMV infection, 

children reached the percentage of terminally differentiated NK cells 

(CD56dimCD57+NKG2C+) of an adult (near to 70%) at the age of six, while European 

population barely reached these numbers at adult age (near to 50%) (106). A similar 

phenomenon has been reported in transplant recipients, where CD57+NKG2C+ NK 

cells are detected within 3 months in patients who reactivated HCMV infection after 

transplantation; while these cells can take more than 1 year to emerge in patients 

who did not reactivate the infection (107). The expansion of CD57+NKG2C+ NK cells 

has been also reported in individuals infected with Hantavirus, Hepatitis B and C 

virus and Chikungunya virus (108-110). It is suggesting that exposure to infection is 

a significant determinant of NK cell maturation rates. 

Some of the known factors explaining differences in mature and memory NK cells 

frequency between high-risk and low-risk MSM were evaluated. IgG titers against 

HCMV have been found to be positive correlated with the frequency of memory NK 

cells in HESN individuals (78); however, there was no difference in the HCMV IgG 

titers between our groups. High-risk MSM were older than low-risk MSM, though, 

there was no correlation between CD56dimCD57+ or CD56dimCD57+NKG2Chigh 

frequencies and age. Nevertheless, a strong correlation between 

CD56dimCD57+NKG2Chigh frequency and the number of sexual partners in the 

lifetime was found. The number of sexual partners was also strongly correlated with 

the MFI of NKG2C, the main activating receptor of memory NK cells, in the CD56dim 

population. These results suggest that the magnitude of exposure, measured as the 

number of sexual partners, instead of aging or HCMV infection, may be implicated 

in the expansion of memory NK cells observed in this population.  
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In NK cells, a more mature phenotype has been related to a better cytotoxic capacity 

(111, 112). In our study, high-risk MSM have indeed higher cytotoxicity against tumor 

cell line K562 compared to low-risk MSM. In fact, mature NK cells were positively 

correlated with the cytotoxic capacity, in both, frequency and density CD57 

expression, which was correlated with cytotoxic capacity particularly in 

CD56dimCD16- NK cells subpopulation, that are better responders against tumors 

(113). 

The functional capacity of NK cells was also distinct in high-risk MSM. They exhibited 

a higher frequency of IFN-ɣ+ NK cells, and higher production of MIP-1α was also 

detected in supernatants of high-risk MSM co-cultures. High percentages of IFN -ɣ+ 

NK cells and β-chemokines production has been related to HIV protection in other 

HESN cohorts, including serodiscordant couples, UDIs and babies born to HIV-

positive mothers (69-71); likewise, it has been related to delay progression to AIDS 

in LTNPs (114).  

Functional profile analysis revealed the presence of an NK cell population with 

CD107a+/IFN-ɣ+/MIP-1β functional profile, which seems to be specialized in IFN-γ 

production. This population was more frequent in high-risk MSM and it exhibited a 

higher IFN-ɣ production capacity, compared to the same population in low-risk MSM. 

NK cells with CD107a+/IFN-ɣ+ functional profile has been associated with better 

control of HIV infection (114,115). In 2013, Jiang et al. reported that LTNPs had 

higher frequencies of these cells compared to typical progressors and healthy 

controls (114). The higher frequency of NK cells with this functional profile has been 

also associated with lower viral load and lower CD4+ T cells slope (114, Chung, 

2011 #1364). Our findings suggest that the high number of NK cells with 

CD107a+/IFN-ɣ+ functional profile found in high-risk MSM plays a role in natural 

resistance against HIV. 

Higher mRNA levels of IFN-ɣ were found in high-risk MSM. mRNA levels of IFN-ɣ 

were positively correlated with the number of memory NK cells. Along with 

phenotypic changes, memory NK cells suffer a series of epigenetic changes 
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including demethylation in the IFNG gene, resulting in an enhanced capacity of IFN‐

ɣ production (116), that was consistently observed in our functional analysis. 

IFN-ɣ is involved in chronic immune activation that leads to immune exhaustion 

during the chronic phase, but it is required to establish an adequate antiviral 

response, early during the infection. There are several IFN-ɣ-induced proteins with 

antiviral activity, which can inhibit the synthesis of viral proteins, edit viral sequences, 

degraded RNA and impair transport of viral nucleocapsid to the nucleus that can 

explain why higher levels of IFN-ɣ are beneficial and related to protection in HESN 

individuals (117, 118). 

This is the first report of high cytotoxic capacity as well as higher IFN-ɣ and MIP-1α 

production in high-risk MSM, and revealed these mechanisms are present in 

different cohorts of HESN individuals. However, a more mature phenotype and 

higher frequency of memory NK cells is a poorly reported feature in HESN 

individuals.  

Higher frequencies of fully mature and memory NK cells has only been reported in 

a cohort serodiscordant couples from Brazil, with NK cells showing increased 

CD107a and IFN-ɣ expression (78). Thus, higher frequencies of memory NK cells 

present also in our group of study let to think these cells could be implicated in natural 

resistance to HIV infection. 

Studies conducted on HIV positive individuals revealed a protective role of memory 

NK cells during HIV infection. In 2017, Gondois-Rey et al. reported that memory NK 

cells contributed to the control of HIV viremia during primary infection. In this study, 

high-risk MSM exhibited not only a more mature phenotype but also a higher 

frequency of memory NK cells, parameters that were correlated with lower HIV 

viremia, higher CD4+ T cell counts and a most rapid decrease of viremia after the 

instauration of antiretroviral treatment in infected patients (79). These results 

suggest memory NK cells can contribute not only to slow progression but also with 

resistance to HIV infection. 
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It has been extensively reported that NK cells need priming to acquire functional 

competence. In fact, NK cells from specific pathogen-free mice exhibit poor effector 

functions. For acquiring adequate cytotoxicity, NK cells require cytokines produced 

by APCs , such as type I IFN-, IL-12, IL-15, and IL-18, (119-121). Although the 

intensity and time of the proinflammatory stimulus necessary to induce NK cell 

priming is unknown, experimental models of persistent viral infections have shown 

that lower but persistent levels of proinflammatory cytokines induce NK cell 

activation for long periods, where NK cells display enhanced cytotoxicity, higher 

expression of granzyme B and IFN-ɣ production (122, 123). Similar results have 

been observed after bacillus Calmette-Guérin (BCG), yellow fever virus and 

influenza vaccination. In both cases, proinflammatory stimuli primes NK cells, 

resulting in increased cytokine production following ex vivo restimulation with either, 

challenging or other unrelated pathogen (124-126). High sexual exposition of high-

risk MSM may be driving the required environment for the priming process, 

explaining the enhanced citotoxity and IFN- ɣ production found in experienced NK 

cells population. 

Although proinflammatory stimulus may explain some long-term adaptations in 

conventional NK cells, different adaptations occur in the case of memory NK cells. 

Memory NK cells response to a proinflammatory stimulus is low or absent due to low 

expression of cytokine receptors. This has been probed after influenza or yellow 

fever vaccination that fail to induce response on memory NK cells (125). However, 

some infections like hantavirus, chikungunya an HIV are effective in activating or 

expanding the memory NK cells pool generated after HCMV infection (108, 109, 

127). Although the mechanism underlining this phenomenon is unclear, some of 

these responses have been attributable to elevated HLA-E expression (108).  

Upregulation of HLA-E, the ligand of NKG2C, is a common feature found in several 

viral infections like dengue, Hantavirus, and HIV, among others (108, 128, 129). 

Engagement of NKG2C, the signature activating receptor of memory NK cells, leads 

to polyfunctional responses characterized by degranulation of cytolytic molecules as 

well as TNF-α and IFN-ɣ (109). Thereby, different from other NK cells activating 
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receptors, cross-linking of NKG2C alone, is sufficient to drive IFN-ɣ production in 

memory NK cells (130), contradicting previously described minimal requirements of 

NK cells activation (131). When the frequency of STD was evaluated according to 

the nature of the causing agent, high-risk MSM showed lower frequencies of viral 

STD but no bacterial. The reduced frequency of viral STD in high-risk MSM could be 

potentially explained by this phenomenon, where memory NK cells, activated trough 

NKG2C by HLA-E, whose expression is conserved and even upregulated in several 

viral infections, induces a strong antiviral response mediated by memory NK cells 

that can protect these individuals against a variety of viral infections including HIV. 

In both cases, higher frequencies of experienced conventional NK cells and memory 

NK cells indicate that exists a well-trained and powerful army of effector cells that 

can mediate a quick and strong response against a variety of pathogens. This 

phenomenon has been also reported in cancer, where patients, undergoing human 

stem cells transplantation, have reduced relapse when donor or recipient are 

seropositive to HCMV before transplantation due to memory NK cells expansion 

(132, 133). In line with these results, in 2009 Nguyen et al. reported that cross-

reactive recognition of HLA-E leukemic blast by memory NK cells could contribute to 

the eradication of minimal residual disease (134). A similar phenomenon can be 

observed in our cohort of high-risk MSM were fully mature and memory NK cells 

might be playing an important role in the context of natural resistance to HIV 

infection. Either by memory responses, generated after HIV contact or by 

heterologous responses, generated by high exposure to other pathogens, NK cells 

might mediate an adequate control, avoiding the establishment of HIV infection. 

In addition to particular phenotypic and functional features, some genetic 

characteristics were found to be different between groups. High-risk MSM showed 

higher frequencies of HLA-B*18 and HLA-B*39 alleles compared to low-risk MSM. 

Besides, the protective phenotype of KIR3DL1/S1 in combination with HLA-Bw4 in 

homozygous state was found in 30.7% of high-risk MSM compared to 8% in low-risk 

MSM. HLA-B*18 allele has been associated with protection in different cohorts of 

HIV-exposed individuals. In babies born to seropositive mothers, the frequencies of 
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the HLA-B*18 allele were associated with a significantly lower risk of early HIV-1 

transmission via breastfeeding (135). HLA-B*18 has been also related to HIV 

protection in serodiscordant couples (136). Although with less frequency, HLA-B*39 

allele has been related to HIV protection in some studies (137, 138). However, there 

are some contradictory results, most likely associated with subtypes of this allele, 

such as HLA-B*39:02 and HLA-B*39:01, which has been related to protection and 

risk, respectively (137). 

NK cells recognize self-HLA trough KIR receptors, generating an inhibitory signal 

preventing autoagression. Down-regulation of HLA molecules at the cell membrane, 

a common phenomenon in viral infections, allows NK cells activation by “missing-

self recognition” (139).  

HLA alleles that contain the public Bw4 epitope act as KIR ligands, while alleles with 

Bw6 epitope do not. KIR3DL1/S1+ NK cells educated in the context of Bw4 

alleles exhibit stronger capacity to kill HIV-1-infected cells, and, consequently, 

patients with KIR3DL1/S1+ NK cells experience better clinical outcomes during the 

course of the infection (140-143). Boudreau et al. reported that KIR3DL1 and Bw4-

80I (Bw4 alleles with an isoleucine at position 80) partnerships endow NK cells with 

the greatest reactivity against HLA negative targets; whereas NK cells exhibiting 

KIR3DL1 in combination with HLA-Bw4 no 80I, demonstrated intermediate 

responsiveness; and Bw4-/KIR3DL1+ NK cells are poorly responsive (141). 

Differences in NK cells effector capacity are explained by the inhibition capacity of 

each KIR ligand; studies carried out in the context of these alleles, expressed 

together, showed that Bw4 alleles (particularly 80I) have high inhibition ability on NK 

cells.  

During HIV infection, the nef protein induces potential target for KIR3DL1+ NK cells 

by down-regulating HLA-B expression, due to the absence of a strong inhibitory 

signal (144). These findings reveal that the degree of NK cells inhibition, mediated 

by certain HLA, might predict the degree of licensing and functional responsiveness 

of NK cells in the absence of that signal. Regarding   KIR3DS1 receptor ligand has 

been described that it does not engage Bw4 molecules on neighboring cells; 
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however, specific peptides, including those from HIV, may facilitate engagement of 

KIR3DS1 by Bw4-80I (145). 

The evidence support why the expression of HLA-Bw4 alleles in combination with 

KIR3DL1/S1 can be associated with resistance to both progression and HIV infection 

in different HESN cohorts including this one (60-62). 

4. CONCLUDING REMARKS 

Increased NK cells effector capacity observed in high-risk MSM was related to the 

mature phenotype exhibited by this population. High sexual exposition may be 

driving the changes observed in this population resulting in higher numbers of fully 

mature trained NK cells and memory NK cells. 

Fully mature NK cells and memory NK represents an army of well-trained cells that 

can respond quick and strong against a variety of pathogens well responding to 

proinflammatory state or particular conditions as up-regulation of HLA-E, conserved 

feature among viral infections and tumors. These modifications generated in the NK 

cell compartment can explain why these individuals remain seronegative despite 

long periods of high-risk sexual behavior and open an interrogate about how NK 

cells can be primed and trained to induce this mature phenotype that seems to be 

protective against a variety of pathogens.  

5. LIMITATIONS AND FUTURE PERSPECTIVES 

 It would have been interesting to evaluate other mechanisms of killing 

mediated by NK cells as ADCC. Although this mechanism would not explain 

the natural resistance to HIV-1 infection, due to the absence of HIV-specific 

antibodies in MSM population. ADCC has shown to be an important immune 

mechanism in HIV infection, particularly after the RV144 assay where ADCC 

was one of the differential features between individuals who became infected 

and those who did not. It would reveal if changes observed in high-risk MSM 

like the more mature phenotype and higher memory NK cells frequency would 

be affecting other functional ways. 
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 The evaluation of functional features was limited to the stimulus with K562 

cells. Although K562 cells represent a stimulus widely used for functional 

assays, it is not possible to evaluate the effect of NK cell education via 

HLA/KIR or HIV-specific response with this particular stimulus. For that 

reason, a functional in vitro assay with autologous CD4+ T cells infected with 

HIV would be interesting to include both parameters in the analysis. The 

evaluation of cytotoxic capacity in co culture with autologous CD4+T cells 

allow to evaluate the effect of HLA-B*Bw4 in NK cells education. Besides that 

will be a more realistic scenario to study the response of NK cells against HIV 

infected cells. 

 All results presented in this study were obtained from peripheral blood 

samples. To Include the GALT samples would bring valuable information 

about phenotypic and functional features of NK cells present in the tissue that 

represents the main point of entry of HIV in this particular population. 

 Genotyping only HLA-B alleles result in a limited knowledge about how 

HLA/KIR interaction can be involved in NK cells functional capacity. This 

study has no information about HLA-A or HLA-C alleles present in the 

population, which could be implicated in natural resistance to HIV infection. 

Besides limit the knowledge of real frequency of protective phenotype 

KIR3DL1/S1-Bw4, because there are also some HLA-A alleles that belong to 

Bw4 group. Knowing the complete haplotype of this population would lead to 

a better knowledge of resistance associated alleles and combinations that 

can be related to the fact these individuals remain seronegative. 
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7. SUPPLEMENTARY INFORMATION 

 

Supplementary figure 1. ∆32 and proviral DNA PCR products. A. Representative 

gel of ∆32 PCR products. From left to right, positive control for the heterozygous 

phenotype (to bands 225bp and 193bp) and four heterozygous individuals. The last 

line shown a 225bp for homozygous wild type phenotype. B. Representative gel of 

proviral DNA products. From left to right, positive control (562bp product from 

integrated viral DNA), 8 individuals included in the study and the negative control.  
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Supplementary Table 1. Primer sequences for amplification of HIV proviral DNA 
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Supplementary Table 2. Primer sequences and PCR conditions for gene 

expression evaluation. 

 

All amplifications were done with the same protocol. Initial enzyme activation step of 94°C for 10 min. 
Then, denaturation at 94°C for 10 sec; annealing at T° melting for 30 sec; extension at 72°C for 30 
sec, 40 times, and a final extension step at 72°C for 2 min. 
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Supplementary figure 2. Allelic frequency of HLA-B 

 

 

Supplementary figure 3. Allelic frequency of KIR 

Supplementary Table 3. HLA-B alleles distribution among groups 
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Supplementary Table 4. KIR alleles distribution among groups 

 

 


