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ABSTRACT

Background: Hepatitis C Virus (HCV) infection causes liver cell injury and ultimately results in liver cirrhosis,
fibrosis, and further HCC. Despite current treatment strategies using Direct-Acting Anti-virals (DAAs) to treat
HCV patients 40% of HCV infection leads to the development of HCC. The Natural killer cells have a crucial
role in an immune response against malignant transformation, including hepatocellular carcinoma. As Natural
Killer (NK) cells constitute 25%-50% of liver lymphocytes, they have a significant role to play in liver immunity.
A positive correlation exists between the number of Natural Killer (NK) cells in the blood and tumor tissues of
HCC patients and their survival and prognosis. The NKG2D receptor has a critical role in the Natural Killer (NK)
recognition of target cells. Among different mechanisms, Natural Killer (NK) cell-based innate immune response
plays a crucial role in the impairment of adaptive immunity postHCV infection. Natural Killer (NK) cells kill the
virus-infected cells through cytolysis, which requires direct contact of Natural Killer (NK) cells with the target cell,
and immunological synapse formation. NKG2D is an important Natural Killer (NK) cell receptor, which is activated
upon HCV infection resulting in increased cytotoxicity of Natural Killer (NK) cells. Thus, Natural Killer (NK) cells
distinguish between normal cells and virus-infected cells through the interaction of NKG2D with its ligands on virus-
infected cells. Therefore, Natural Killer (NK) cells are known to contribute to the control of HCV infection itself
and have anti-cancer effector functions. Natural Killer (NK) cells being an integral part of the host immune defense
against HCV-associated HCC, studying related molecular cascades will provide a newer direction for evolving better
predictive biomarkers and designing effective immunotherapeutic strategies.

Methods: A total of 25 HCV infected patients, Chronic HCV (n=15), HCV and HCV related HCC (n=10) and 5
non-infected age and gender matched control subjects were taken in study. Both pre and post-DAA treated patients
were included in this study.

Results: The present study has been undertaken to investigate the differential expression analysis of Natural Killer
(NK) cell receptors in hepatitis C virus-infected with chronic hepatitis risk of developing HCC.

Conclusion: NKG2D receptor expression and Natural Killer (NK) cell percentage in peripheral blood could provide
potential biomarkers for HCC detection and progression.
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INTRODUCTION

Hepatitis C Virus (HCV) infection is a serious health concern and
the leading cause of liver disease worldwide. Although present
medications are helpful, they are costly and have unfavorable
side effects. Understanding how HCV interacts with host cells
could lead to the discovery of new cellular targets for developing
innovative treatments. Liver cirrhosis and Hepatocellular Cancer
(HCC) develop in approximately 20% of patients with persistent
viremia. During acute HCV infection, innate and adaptive immune
systems work together to resolve the infection. In contrast, HCV has
sophisticated systems that allow it to evade both host defenses. As
a result, the immune response in chronic HCV infection changes
over time accompanied by disease progression.

Natural Killer (NK) cells are the main type of innate immune cells
within the body that play a crucial role in the fight against the
human Hepatitis C Virus (HCV) infected cells and malignant cells

(1].

One of the main activating receptors needed for recognizing target
cells is the NK Group 2D (NKG2D) receptor. NKG2D Ligands
(NKG2DLs) are remotely related to Major Histocompatibility
Complex (MHC) class I molecules. They bind to the NKG2D
receptor in response to cellular stress, viral infection, or malignant
transformation, marking stressed cells for removal by NKG2D+
lymphocytes. Hence, the NKG2D receptor acts as a sensor that
decodes cellular stress into activation signals for immune cells.

Hepatitis C Virus (HCV) is a hepatotropic flavivirus and a major
cause of chronic viral hepatitis, liver cirrhosis, and Hepatocellular
Carcinoma (HCC) [2]. Approximately 55-85% of cases presenting
with acute HCV infection progress to chronicity, with 20-30%
developing liver cirrhosis, and 1-4% progressing to hepatocellular
carcinoma [3]. Due to undiagnosed disease and lack of treatment
availability, an estimated 1-3% of the world population currently
lives with HCV infection [4]. The prevalence of HCV infection is
particularly high in low-income countries within Asia (0.4-6.8%),
North Africa/Middle East (2.5-3.9%), and sub-Saharan Africa (1.0-
5.3%) [5,6]. Lower incidence is seen in the Oceania (0.1-1.5%),
the Caribbean (0.2-1.3%), Europe (0.9-3.3%), and the Americas
(0.9-1.9%) [5,6]. Despite these established ranges, countries such
as Cameroon (13.8%), Burundi (11.3%), and Gabon (9.2%) have
particularly high HCV seroprevalence due to limited availability of
HCV screening and treatment strategies [5,6].

The antiviral immune response to hepatitis C is traditionally
understood to be driven by the adaptive immune cells such as
B cells and T cells, and more recently by innate immune cells,
specifically Natural Killer (NK) cells. While adaptive immunity
and hence antigenic specificity of B and T cells to viral infection is
generated through somatic rearrangement of antigenic receptors,
it is significantly slower than the innate immune response. NK
cells possess an innate ability to provide a fast acting and potent
response to cells deemed harmful, such as cancer and virus-infected
cells, which is controlled by a number of NK cell receptors.

The activating receptor NKG2D is overexpressed in patients
with Hepatocellular Carcinoma (HCC) (Hwang, et al.,) [7]. In
response to NKG2D binding, several signaling pathways may be
activated, including Phosphatidylinositol 3-hydroxykinase (PI3K),
Phospholipase C Gamma 2 (PLCG2), and cJun-NH(2)-terminal
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Kinase (JNK) [8]. As a result, NK cells produce more antitumor
effects by enhancing Antibody-Dependent Cellular Cytotoxicity
(ADCC), secreting cytokines, and initiating apoptosis. As a result,
NKG2D receptors may facilitate HCC progression, which might
affect immunotherapy for HCC.

In humans, NK cells are identified based on their expression of
activating Fc receptor, CD16 (FcyRIITA), CD56 and lack of CD3.
Recent studies have classified the various stages of human NK cell
development into six phases, of which the final three represent
mature NK cells [9]. Phase 4 marks the transition of immature
NKs into mature NK cells expressing NKp80, NKG2D, CD335,
CD337, and CD161 [10]. Phase 5 represents circulating NK cells,
and is characterized by an observable spike in CD56 expression
representing the relatively young CD56 bright population, as well
as the more mature CD56 dim population that co-express CD16
and Killer Immunoglobulin-like Receptor (KIR) (CD158). Phase
6 represents terminal maturation gaining expression of CD57 and
may include the generation of “adaptive” or “memory-like” NK
cells following antigen exposure, gaining expression of NKG2D

and KLRG1 [11,12].

Almost 10% of NK cells in the peripheral blood and roughly 100%
of NK cells in secondary lymphoid tissues have a high surface
expression of CD56 (CD56 bright) and are CD16 low, acting as
potent immunoregulatory cells via the secretion of cytokines such

as IFN-y which contribute to the priming of T-Helper cells type 1
(Th1) [13,14].

Moreover, in response to HCV infection, NK cell concentration
in the liver increases. The infiltration of NK cells into the liver
is mediated by chemokines such as CCL2, CXCL2, CXCL9,
CXCL10, and a plethora of cytokines such as the TGF-B, IL-12,
and IL-18, secreted by hepatocytes, Kupffer cells, liver sinusoidal
endothelial cells, and T cells [15,16]. As significant antiviral effectors
in the liver, both resident and liver-infiltrating NK cells are a major
component of the immune response against HCV infection, as
outlined below. Nonetheless, the vast majority of studies examine
circulating NK cells due to ease of sample collection, and therefore
NK cells examined in this review will represent blood NK cells
unless otherwise stated.

MATERIALS AND METHODS

Study design

A total of 25 HCV infected patients, Chronic HCV (n=15), HCV
and HCV related HCC (n=10) and 5 non-infected age and gender
matched control subjects were taken in study. Both pre and post-
DAA treated patients were included in this study. Informed consent
in writing was obtained from each individual after taking approval
from the Institutional Review Board (IRB), Centre for Liver
Research and Diagnostics, Deccan College of Medical Sciences,

Hyderabad.

Inclusion criteria

e Datients clinically diagnosed as chronic hepatitis C
*  Age:> 18 years

¢ Gender: Both males and females

e Viral load > 1,00,000 copies/ml
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Exclusion criteria

*  Pregnant women

¢ Decompensated liver patients

e Alcohol liver-diseased patients

e Multiple sex workers

e DPatients on any corticosteroids or laser therapy
¢ Injection drug users

¢ Any co-infected samples with other viruses like HIV and HBV
were excluded from the study

Collection and preparation of human sera from healthy
and HCV-infected individuals

A total of 25 peripheral blood samples (5 from healthy and
15 HCV infected individuals and 10 HCV-related HCC) were
collected after taking informed consent forms from all the subjects
visiting the outpatient ward at Centre for Liver and Diagnostics-
DCMS Further HCV QPCR analysis HCV diagnosis using
antibody testing and quantitative PCR and sequencing analysis for
5’'UTR confirmed the serum antibody as well as HCV RNA with
appropriate genotype in infected individuals whereas sera obtained
from subjects without any such history of viral infection were
considered as healthy controls.

Detection of HCV antibodies

ORTHO HCV, Enzyme-Linked Immunosorbent Assay (ELISA)
for the detection of antibodies to Hepatitis C Virus (anti-HCV) in
human serum or plasma. Approximately 30 minutes prior to the
procedure, the kit components were placed at room temperature
(20 to 30°C) and the reagents are inverted gently several times
(without foaming). The incubator temperature was maintained at

37°C £ 1°C.
HCV viral load estimation

Viral RNA was extracted from all samples using High Pure Viral
RNA Kit (Roche) and quantified HCV viral load by amplifying
5'UTR using Real-time primers and Tagman probes.

Liver Function Test (LFT)

Biochemical parameters specific to LFT were estimated in serum
samples by using their respective kits as per the manufacturer’s
instructions. The LFT values obtained from the patient samples
will be compared with the healthy controls.

Isolation and storage of Peripheral Blood Mononuclear

Cells (PBMCs)

PBMCs were isolated by use of density-gradient separation using
Ficoll Hypaque (Pharmacia) and stored in liquid nitrogen for
further analysis purposes.

Immunostaining and flowcytometry of NK cells

All phenotypic and functional NK cell analyses were performed on
frozen and subsequently thawed PBMCs. PBMCs will be incubated
with the following Abs: CD56-FITC (BD Biosciences-Pharmingen,
San Jose, CA); NKG2D-PE (R&D Systems, Inc., Minneapolis,
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MN) and will be analyzed on a BD Biosciences flow cytometer

(FACSCalibur or FACSCanto).
NK cell expression analysis

Total RNA was isolated from PBMCs, cDNA was constructed
using reverse transcriptase enzyme, and expression analysis will be
done by SYBR-Green based quantitative RT-PCR in all selected
individuals. ¢cDNA from all the variables were quantified by
nanodrop reading and 5 ng of cDNA from each sample will be
used for quantitative PCR. The reaction mixture was prepared for
all the primers as follows: 2X SYBR Green Mix 10 ul, NKG2D,
Forward primer (10 pmol/ul), 0.5 ul, NKG2D, Reverse primer (10
pmol/pl) 0.5 pl, cDNA template 2 pl and dH,O 7 pl. Reaction
condition will be adjusted as per the melting temperature (Tm) of
each primer following first step of initial denaturation at 94°C for
5 min, the second step for 40 cycles of denaturation at 94°C for
30 sec, annealing at 54°C for 40 sec and extension at 72°C for 40
sec. Final denaturation will be kept at 72°C for 5 min followed by
melting curve analysis for 15 min. Melting curve analysis will be
performed to separate the amplified products from primer dimers.
The primer specific to GAPDH will be used as an endogenous
control for the normalization of the test samples. Ct values for all
the samples will be noted and used for statistical analysis for fold
differences. Each reaction will be performed in triplicate to avoid
any technical error.

RESULTS

Detection of HCV antibodies

ORTHO HCV, Enzyme-Linked Immunosorbent Assay (ELISA)
for the detection of antibodies to Hepatitis C Virus (anti-HCV) in
human serum or plasma. Approximately 30 minutes prior to the
procedure, the kit components were placed at room temperature
(20 to 30°C) and the reagents are inverted gently several times

(without foaming). The incubator temperature was maintained at
37°C + 1°C. All the patients were found to be Anti-HCV Positive.

Analysis of HCV viral load

Quantitative PCR and sequencing analysis for 5’UTR confirmed
the load of HCV RNA in chronic Hepatitis patients (N=15),
Hepatocellular Carcinoma (10) infected individuals whereas sera
obtained from subjects without any such history of viral infection
were showed as healthy controls.

All patients recruited in the study were found to be HCV antibody
positive and had a viral load of more than 1,00,000 copies per ml
(Table 1). HCV diagnosis using antibody testing and quantitative
Demographic details such as age and gender along with high viral
load (>1,00,000 copies/ml) were collected from every subject
enrolled in the study.

Table 1: Demographic details of HCV-infected subjects enrolled in the
study.

S. No Age/Gender Viral load (copies/ml)
1 32/M 3,48,150
2 55/M 8,48,780
3 49/M 3,18,246
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4 35/M 17,44,668
5 60/M 1,18,260

6 43/M 3,30,450
7 73/M 40,25,780
8 35/M 43,96,750
9 58/F 8,12,560
10 23/M 25,10,840
11 57/M 28,45,260
12 45/F 1,29,541

13 50/M 15,08,170
14 60/M 60,15,000
15 45/M 12,84,610

NK cells are usually abundant and play an important role in early
viral clearance in HCV-infected patients; however, the numbers
of NK cells are lower in both peripheral blood and the liver in
chronically infected HCV patients. Biochemical liver function
parameters were assessed for HCV-infected individuals and
confirmed for suitability of utilizing to conduct the study (Table 2).

Table 2: Important biochemical parameters were reported for HCV-
infected patients enrolled in the study.

Biochemical parameters HCV infected (Mean + SD)
ALT 6542 +12.12
AST 58.35 £ 11.74
ALP 396.17 + 43.56

Note: ALT: Alanine Aminotransferase; AST: Aspartate Aminotransferase;
ALP: Alkaline Phosphatase.

Immunostaining and flowcytometry of NK cells

All phenotypic and functional NK cell analyses was performed on
frozen and subsequently thawed PBMCs. PBMCs will be incubated
with the following Abs: CD56-FITC (BD Biosciences-Pharmingen,
San Jose, CA); NKG2D-PE (R&D Systems, Inc., Minneapolis,
MN) and will be analyzed on a BD Biosciences flow cytometer

(FACSCalibur or FACSCanto).

The flow cytometric analysis data showed a decrease in NK cells in
peripheral blood collected from HCV Positive patients.

NKG2D g-PCR expression analysis

Total RNA was isolated from PBMCs, cDNA was constructed
using Reverse transcriptase enzyme, and expression analysis will
be done by SYBR-Green based quantitative RT-PCR in all selected
individuals. ¢cDNA from all the variables were quantified by
nanodrop reading and 5 ng of cDNA from each sample will be
used for quantitative PCR (Figure 1).
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HCC Chronic Heptitis
Differential Expression of NKGD2 in HCC patients

Control

Figure 1: Differential expression of NKGD2 in HCC patients
demonstrates significantly high NKGD2 receptors in HCV-related
Hepatocellular carcinoma patients. Even in chronic hepatitis patients,
the NKGD?2 cell was high. Thus, it demonstrates the activation of NK
cells with cytolytic activity.

DISCUSSION

HCYV infection is a key contributor to extensive immune infiltration
HCC development and progression leads to HCC development.
HCC is one of the leading causes of cancerrelated deaths
worldwide with limited treatment options. This has opened the
need for channels for developing targeted immunotherapy. Hence,
understanding the activation of NKG2D+NK cells contributes
to HCV progression to liver cirrhosis and HC. NKs act as an
important cell component in innate immunity, which is essential
for attacking and neutralizing microorganisms and eliminating
aberrantly transformed cells [17].

In HCV infection, NK cells have been implicated in nonspecific
immune clearance, as well as the initiation and modulation of
specific antiviral immune responses. Studies by Wang, et al,,
NKG2D controls the worsening of liver inflammation by activating
NK cells. According to this finding supports the idea that NKG2D
has a protective effect that extends beyond NK cell-mediated
cytotoxicity and cytokine generation. According to Jelenci¢, et
al., NKG2D is found on the earliest progenitors of the NK cell
lineage and plays an important role in NK cell development by
causing changes in NK cell subsets and inducing faster division of
immature NK cells in the bone marrow [18]. Moreover, NKG2D
stimulates the immune system by promoting the development of
innate-like B cells.

This study revealed that NKG2D gene expression increased
significantly in the HCC group compared with those in the CHCV
and liver cirrhosis groups. Meanwhile, NKG2D+NK% showed
no significant difference between the CHCV and liver cirrhosis
groups. Liu, et al., have reported that NK cells are involved in the
first line of immune defense against viral infections and tumors

[19].

Wang, et al., have specifically highlighted the role of NKG2D+NK
cells in tumor transformation and HCC [9]. NKG2D can be
widely expressed in hepatoma cells. Olivero, et al., and Bonorino,
et al., described the frequency of NK cells appears to decrease
concomitantly with disease progression [20,21].
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CONCLUSION

The various strategies employed by HCV to evade NKG2D pathway
immune responses are promising immunotherapy targets. A
combination of NK cell-based immunotherapy with chemotherapy
or other multiple therapies has the potential to be more effective
for HCC patients and patients with persistent HBV/HCV
infections. Thus, the Potential biomarkers for the progression and
identification of HCC could be obtained by measuring NK levels
in peripheral blood and looking for NKG2D receptor expression
in NK cells.

DISCLOSURE STATEMENT

Authors have no competing interests to declare.

CONSENT FOR PUBLICATION

Not Applicable.

AVAILABILITY OF DATA AND MATERIALS

The data used to support the findings of this study are available in
this article.

ACKNOWLEDGMENT

We sincerely thank all reviewers for their constructive comments
and informative suggestions.

CONFLICT OF INTEREST

Authors have no conflict of interest to declare.

AUTHORS’ CONTRIBUTIONS

RR and AAK contributed equally to this work; RR, VAA, and AAK
designed the study; GMA, VAA, AAK conducted the experiments;
AAK, VAA wrote the manuscript. All authors reviewed and
approved the final manuscript.

REFERENCES

1. Juengpanich S, Shi L, Iranmanesh Y, Chen J, Cheng Z, Khoo AK]J, et al.
The role of natural killer cells in hepatocellular carcinoma development
and treatment: A narrative review. Translational Oncology. 2019;12(8):

1092-1107.
2. Amadei B, Urbani S, Cazaly A, Fisicaro P, Zerbini A, Ahmed P, et al.

Activation of natural killer cells during acute infection with hepatitis C

virus. Gastroenterology. 2010;138(4): 1536-1545.

3. Bonaparte MI, Barker E. Inability of natural killer cells to destroy
autologous HIV-infected T lymphocytes. Aids. 2003;17(4): 487-494.

4. Cai Q, Huang XL, Rappocciolo G, Rinaldo Jr CR. Natural killer cell
responses in homosexual men with early HIV infection. ] Acquir Immune

Defic Syndr. 1990;3(7): 669-676.

Immunotherapy (Los Angel), Vol.9 Iss.3 No:1000235

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

OPEN aACCESS Freely available online

Fogli M, Costa P, Murdaca G, Setti M, Mingari MC, Moretta L, et
al. Significant NK cell activation associated with decreased cytolytic
function in peripheral blood of HIV-1-infected patients. Eur ] Immunol.
2004;34(8): 2313-2321.

Groh V, Wu ], Yee C, Spies T. Tumour-derived soluble MIC ligands impair
expression of NKG2D and T-cell activation. Nature. 2002;419(6908): 734-
738.

Hwang S, Han ], Baek ]S, Tak E, Song GW, Lee SG, et al. Cytotoxicity
of human hepatic intrasinusoidal CD56bright natural killer cells against

hepatocellular carcinoma cells. Int ] Mol Sci. 2019;20(7): 1563-1564.

Wang ], Li CD, Sun L. Recent advances in molecular mechanisms of the
NKG2D pathway in hepatocellular carcinoma. Biomolecules. 2020;10(2):
300-301.

Abel AM, Yang C, Thakar MS, Malarkannan S. Natural killer cells:
development, maturation, and clinical utilization. Front Immunol.

2018;9: 1868-1869.

Wang D, Malarkannan S. Transcriptional regulation of natural killer cell
development and functions. Cancers. 2020;12(6): 1590-1591.

Wijaya RS, Read SA, Schibeci S, Eslam M, Azardaryany MK, Khobar KE,
et al. KLRG1+ natural killer cells exert a novel antifibrotic function in

chronic hepatitis B. Journal of Hepatology. 2019;71(2): 252-264.
Rolle A, Meyer M, Calderazzo S, Jiger D, Momburg F. Distinct HLA-E

peptide complexes modify antibody-driven effector functions of adaptive

NK cells. Cell reports. 2018;24(8): 1967-1976.

Melsen JE, Lugthart G, Lankester AC, Schilham MW. Human circulating
and tissue-resident CD56bright natural killer cell populations. Front
Immunol. 2016;7: 261-262.

Michel T, Poli A, Cuapio A, Briquemont B, Iserentant G, Ollert M, et al.
Human CD56bright NK cells: an update. ] Immun. 2016;196(7): 2923-
2931.

Marra F, Tacke F. Roles for chemokines in liver disease. Gastroenterology.

2014;147(3): 577-594.

Saiman Y, Friedman SL. The role of chemokines in acute liver injury.

Frontiers in physiology. 2012;3: 212-213.

Vivier E, Tomasello E, Baratin M, Walzer T, Ugolini S. Functions of
natural killer cells. Nature immunology. 2008;9(5): 503-510.

Jelen€ic¢ V, Lenarti¢ M, Wensveen FM, Poli¢ B. NKG2D: A versatile player
in the immune system. Immunology letters. 2017;189: 48-53.

Liu P, Chen L, Zhang H. Natural killer cells in liver disease and
hepatocellular carcinoma and the NK cellbased immunotherapy. ]

Immunol Res. 2018;2018: 54-62.

Oliviero B, Varchetta S, Paudice E, Michelone G, Zaramella M, Mavilio
D, et al. Natural killer cell functional dichotomy in chronic hepatitis B
and chronic hepatitis C virus infections. Gastroenterology. 2009;137(3):
1151-1160.

Bonorino P, Ramzan M, Camous X, Dufeu-Duchesne T, Thélu MA,
Sturm N, et al. Fine characterization of intrahepatic NK cells expressing

natural killer receptors in chronic hepatitis B and C. Journal of hepatology.
2009;51(3): 458467.


https://onlinelibrary.wiley.com/doi/full/10.1002/eji.200425251
https://onlinelibrary.wiley.com/doi/full/10.1002/eji.200425251
https://www.nature.com/articles/nature01112
https://www.nature.com/articles/nature01112
https://www.mdpi.com/1422-0067/20/7/1564
https://www.mdpi.com/1422-0067/20/7/1564
https://www.mdpi.com/1422-0067/20/7/1564
https://www.mdpi.com/2218-273X/10/2/301
https://www.mdpi.com/2218-273X/10/2/301
https://www.frontiersin.org/articles/10.3389/fimmu.2018.01869/full
https://www.frontiersin.org/articles/10.3389/fimmu.2018.01869/full
https://www.mdpi.com/2072-6694/12/6/1591
https://www.mdpi.com/2072-6694/12/6/1591
https://www.sciencedirect.com/science/article/abs/pii/S0168827819301825
https://www.sciencedirect.com/science/article/abs/pii/S0168827819301825
https://www.cell.com/cell-reports/pdf/S2211-1247(18)31187-2.pdf
https://www.cell.com/cell-reports/pdf/S2211-1247(18)31187-2.pdf
https://www.cell.com/cell-reports/pdf/S2211-1247(18)31187-2.pdf
https://www.frontiersin.org/articles/10.3389/fimmu.2016.00262/full
https://www.frontiersin.org/articles/10.3389/fimmu.2016.00262/full
https://journals.aai.org/jimmunol/article/196/7/2923/105751
https://www.sciencedirect.com/science/article/abs/pii/S0016508514008828
https://www.frontiersin.org/articles/10.3389/fphys.2012.00213/full
https://www.nature.com/articles/ni1582
https://www.nature.com/articles/ni1582
https://www.sciencedirect.com/science/article/abs/pii/S0165247817301177
https://www.sciencedirect.com/science/article/abs/pii/S0165247817301177
https://www.hindawi.com/journals/jir/2018/1206737/
https://www.hindawi.com/journals/jir/2018/1206737/
https://www.sciencedirect.com/science/article/abs/pii/S001650850900821X
https://www.sciencedirect.com/science/article/abs/pii/S001650850900821X
https://www.sciencedirect.com/science/article/abs/pii/S0168827809003857
https://www.sciencedirect.com/science/article/abs/pii/S0168827809003857
https://www.sciencedirect.com/science/article/pii/S1936523319301342
https://www.sciencedirect.com/science/article/pii/S1936523319301342
https://www.sciencedirect.com/science/article/abs/pii/S0016508510000235
https://www.sciencedirect.com/science/article/abs/pii/S0016508510000235
https://journals.lww.com/aidsonline/fulltext/2003/03070/inability_of_natural_killer_cells_to_destroy.3.aspx
https://journals.lww.com/aidsonline/fulltext/2003/03070/inability_of_natural_killer_cells_to_destroy.3.aspx
https://journals.lww.com/jaids/abstract/1990/07000/natural_killer_cell_responses_in_homosexual_men.3.aspx
https://journals.lww.com/jaids/abstract/1990/07000/natural_killer_cell_responses_in_homosexual_men.3.aspx

