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Natural killer (NK) cells are crucial effector cells of the innate immune response to viral infections, 
including HIV, through cytolytic activity and the production of cytokines with anti-HIV activities. 
We recruited 15 treatment naïve HIV patients and 16 healthy controls (HC) to assess NK cell subsets 
or expression of multiple markers by flow cytometry. The frequency of circulating CD56brightCD16−ve 
and CD56dimCD16bright NK cell subsets was significantly lower among the HIV group than in HC. 
The CD56−veCD16bright subset was higher in HIV patients, but this was only apparent when gated 
among total NK cells, not total lymphocytes. NK cells among HIV participants also showed a lower 
and higher frequency of CD8 and HLA-DR expressing cells, respectively. In addition, CD7 median 
fluorescent intensity and CD2+CD7− frequencies were significantly lower in HIV patients. A distinct 
population of KIR3DL1/S1 cells was unexpectedly higher among CD56brightCD16−ve NK cells in HIV 
patients. In conclusion, this study in the Ethiopian setting confirms many previous findings, but the 
down-regulation of CD7 and enhanced KIR3DL1/S1 within the CD56bright subsets have not been widely 
reported among HIV patients and merit further research.
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An effective immune response towards invading microbes requires the combined action of innate and adap-
tive immunity. Natural killer (NK) cells are effector lymphocytes of the innate immune response, and lyse cells 
infected with the virus, including human immunodeficiency virus (HIV)1. They also participate in determining 
the fate of adaptive immune responses through secretion of cytokines, such as interferon γ (IFN- γ)2. NK cell 
function is primarily determined by germline-encoded activating and inhibitory receptors, which after integra-
tion results in NK cell activation or not3. NK cells are typically identified as CD3−CD56+ cells. They can be further 
classified based on the expression of CD164. The majority of peripheral blood NK cells are CD56dimCD16bright 
and usually cytotoxic5, whereas most of the remaining are CD56brightCD16−ve and produce more cytokines and 
chemokines than the former6. The CD56bright subsets are highly proliferating, and considered immature precur-
sor subsets for CD56dim cells. The CD56dim has been proposed to undergo further irreversible differentiation, 
progressively losing immature inhibitory NK cell receptors, such as natural killer group 2 A (NKG2A), and begin 
the sequential acquisition of killer like immunoglobulin receptors (KIRs) and CD577,8.

Numerous studies have shown that HIV infection alters subsets distribution and the expression of receptors 
on NK cells. This includes the enhanced appearance of a functionally impaired subset, the normally infre-
quent CD56−veCD16bright subset, and the decrease in frequencies of the CD56brightCD16− and CD56dimCD16bright 
subsets6,9–11. HIV also upregulates inhibitory while downregulating activation receptors that could support dis-
ease progression12,13. Although highly active anti-retroviral therapy (HAART) restores most NK cell functions 
and normalizes subset distribution, incomplete recovery of subsets has been reported even after long-term 
HAART​14. Incomplete recovery may, in turn, affect the recovery of adaptive immune cell functions, including 
the chronic alterations of T cells and associated immune dysfunction15.

The expression of certain markers, such as CD8 and KIR3DL1/S1 on NK cells is associated with slow HIV 
progression to AIDS16,17. A higher frequency of CD57+ NK cells has also been shown to be associated with bet-
ter CD4 recovery and low HIV viral load18. Furthermore, activated NK cells expressing HLA-DR among HIV 
patients may be related to delayed recovery of CD4 count after HAART​19. Adaptive or memory-like functions 
or phenotypes in human cytomegalovirus (HCMV) infections have been identified among NKG2C+ NK cells. 
Hence, NK cell phenotypes may reveal valuable information about disease prognosis, particularly among HAART 
naïve individuals.

While the global number of new HIV infections is declining, southern and eastern African regions comprise 
47% of the global infections20. The prevalence of HIV infection among individuals aged 15–49 in Ethiopia is 
0.9%21. Few comprehensive studies evaluating NK phenotype have been done in sub-Saharan Africa (SSA), and 
none to the best of our knowledge in Ethiopia. Given that genetic and environmental factors impacting disease 
may differ in these settings, our objective in the current study was to assess NK phenotypes of HIV patients and 
controls, and determine whether or not such findings were consistent or not with prior studies.

Results
Characteristics of the study participants.  A total of 31 study participants (15 HAART naïve HIV 
patients and 16 healthy controls) were enrolled. The majority were female, comprising 9/15 (60%) in the HIV 
group and 10/16 (62.5%) in healthy controls (HC) groups. The median age of HIV and HC groups was 32 (range 
20–46) and 28 (range 19–42), respectively (Table 1). The median viral load in HAART naïve HIV patients was 
102,566.5 copies/ml (range 4039–257,615). All HIV patients had the disease for greater than 6 months.

NK cells in HIV patients and healthy controls.  In this study, we defined NK cells by the expression of 
CD56 and/or CD16 among CD3 negative cells into three subsets: CD56brightCD16−ve, CD56dimCD16bright, and 
CD56−veCD16bright (Fig. 1). In some experiments, only CD56 was used to define CD56bright and CD56dim subsets, 
as described previously in the literature22. The frequency of total NK cells (Fig. 2) and the subsets (Fig. 3) were 
subsequently analyzed and compared across study groups.

NK cell subset distribution among the study groups.  The frequency of total NK cells and subsets 
thereof were analyzed and compared between HC and HIV groups. We assessed NK cell subsets as a fraction 
of total NK cells (defined as the sum of the three subsets) or as a fraction of total lymphocytes (Fig. 2). Among 
lymphocytes, we observed a lower frequency of both CD56dimCD16bright and CD56brightCD16−ve in HIV com-
pared to HC subjects (p = 0.03 and 0.03, respectively). There was no significant difference in the CD56−veCD-
16bright NK cell subset frequency between the groups. However, when frequencies were analyzed among total 
NK cells, we continued to note a significantly lower frequency in the CD56dimCD16bright subset (p = 0.004), but a 
significantly higher frequency in the CD56−veCD16bright subset in the HIV compared to HC groups (p = 0.004). 
Furthermore, among total NK cells, a strong inverse correlation was observed between CD56−veCD16bright and 
CD56dimCD16bright subsets (r = − 0.9296, p = 0.0001).

Expression of CD8, KIR, NKG2C, CD2, CD7, CD57, and HLA‑DR on NK cells.  We examined 
total NK cells for the expression of CD8, KIR3DL1/S1 (CD158e1/e2), CD159C (NKG2C), CD2, CD7, CD57, 
and HLA-DR between the healthy control (HC) and HIV groups. As shown in Fig. 3, NK cells from the HIV 
group had a significantly lower frequency of CD8+ cells (p = 0.001) and a higher frequency of HLA-DR+ cells 
(p = 0.045), relative to HC. In contrast, the expression of KIR3DL1/S1, NKG2C, CD7, and CD57 did not signifi-
cantly differ between the cohorts.

The expression of NK cell receptors within the subsets.  To determine the differences in the expres-
sion of different NK cell markers, we first examined the frequencies of CD8 and CD158e1/e2 (KIR3DL1/S1) 
expressing cells among the three subsets. We found a small percentage of KIR+ cells among the CD56brightCD16−
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ve subset, and this frequency was significantly higher (p = 0.01) in HIV than in HC subjects, shown in Fig. 4. 
Notably, KIR frequencies were higher in the other two NK subsets as well, though these differences did not reach 
statistical significance. The frequency of CD8+ cells was significantly lower in HIV compared with HC subjects 
within the CD56brightCD16−ve (p = 0.01), and CD56dimCD16bright (p = 0.01) subsets, whereas CD8 frequencies 
among the CD56−veCD16bright subsets were similar in the two subject cohorts (p = 0.47).

In addition, we evaluated the surface expression of CD57, HLA-DR, and NKG2C markers, focusing on 
the CD56bright and CD56dim NK subsets. As shown in Fig. 4, the frequency of HLA-DR+ cells on the CD56dim 

Table 1.   Characteristics of HAART naïve HIV patients and healthy controls.

Characteristics HIV patients Healthy controls

Case 15 16

Sex (male/female) 6/9 6/10

Age (median with range) 32 (20–46) 28 (19–43)

Residence (urban/rural) 14/1 12/4

HIV viral load level (median with range) 102,566.5 copies/ml (4039–257,615) N/A

Duration of infection at the time of diagnosis > 6 months N/A

Figure 1.   Gating strategy for NK cell subsets. (A) The lymphocytes were first identified based on forward 
(FSC) and side scatter (SSC) analysis; doublets were subsequently excluded with a FSC-H vs FSC-A plot (B). 
(C) CD3− cells were then gated, followed by the definition of the three NK cell subsets in the panels containing 
CD56 and CD16 (D), or two subsets in the panels without CD56 antibody alone (E). (F) The three subsets 
(CD56brightCD16−ve in the lower-left corner, CD56dimCD16bright in the middle, and CD56−veCD16bright in the 
lower right corner) were further examined for CD8 and KIR3DL1/S1 expression. (G) The expression of CD2 
and CD7 among CD56brightCD16−ve (top right corner) and CD56dimCD16bright (lower right corner) is shown. The 
representative sample for gating illustration was taken from healthy controls.
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Figure 2.   Total NK cells and subset distribution among the study groups. The frequency of total NK cells is 
indicated in the upper left corner, and was calculated based on the sum of CD56brightCD16−ve, CD56dimCD16bright, 
and CD56−veCD16bright subsets (A). The percentage of NK subsets was gated among lymphocytes, the great 
grandparent node as defined in Fig. 1 (B–D), or total NK cells, the sum of all three NK subsets (E–G) from HIV 
(triangles, n = 15) or HC (circles, n = 15). Mann–Whitney tests were performed with a p-value < 0.05 considered 
statistically significant. The median and 25th and 75th percentile are indicated on each plot.

Figure 3.   Expression of multiple markers on NK cells among the study groups. The analysis of CD8 and 
KIR3DL1/S1 expression was quantified on total NK cells comprising CD56brightCD16−, CD56dimCD16bright, and 
CD56−veCD16bright, whereas the expression of NKG2C, CD2, CD7, CD57, and HLA-DR were determined from 
NK cells comprising the CD56bright and CD56dim subsets. A total of 15 subjects were evaluated for HIV and 
15 for HC subjects for CD8 and KIR markers; 13 (HIV) and 14 (HC) subjects for NKG2C, CD2, CD7; and 13 
(HIV) and 16 (HC) subjects for CD57 and HLA-DR marker expression. Abbreviations on X-axis refer to the 
different NK cell markers. Mann–Whitney tests were performed with a p-value < 0.05 considered statistically 
significant. The median and 25th and 75th percentile are indicated on each plot.
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subset was significantly higher in the HIV group than in HC (p = 0.01). We did not detect significant differences 
between the HIV and control cohorts in the expression of CD57 and NKG2C among CD56bright and CD56dim 
(data not shown).

Expression of CD7 and CD2 by NK cell subsets.  We further evaluated the two subsets for the expres-
sion of CD2 and CD7 (Fig. 5). CD2 is a major coactivating receptor expressed on NK that recognizes CD58, a 
ligand expressed on a wide variety of tissues. Most NK cells express CD7, the density of which may be related to 
maturation or activation11,23. We found no significant differences in the frequency of CD7 expressing NK cells 
between the HIV and HC study groups. However, the density of CD7, as indicated by the median fluorescent 
intensity, was lower in HIV patients. This was apparent in total NK cells (p = 0.02). and among the CD56dim sub-
set the density was lower among HIV than HC (p = 0.04)). CD7 was also lower among HIV patients within the 
CD56bright subset, but this did not reach statistical significance (p = 0.2).

Figure 4.   Frequency of KIR3DL1/S1+, CD8+ and HLA-DR cells among NK cells subsets. The frequency 
of CD8+ and KIR3DL1/S1+ cells within the CD56brightCD16−ve (A,D), CD56dimCD16bright (B,E) and 
CD56−veCD16bright (C,F) subsets are depicted for both HIV (n = 15) and HC groups (n = 15). The frequency 
of HLA-DR positive cells is shown for CD56bright (G) and CD56dim (H) subsets (n = 13, HIV group, n = 16 HC 
group). Mann–Whitney tests were performed with a p-value < 0.05 considered statistically significant. The 
median and 25th and 75th percentile are indicated on each plot.
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The frequency of CD2 positive cells did not differ between the two cohorts among either total NK cells, or 
CD56bright or CD56dim subsets. Furthermore, we did not observe differences in CD2 density between HIV or HC 
subjects (p = 0.3). However, the CD56brightCD16−ve subset did exhibit lower CD2 density among HIV relative 
to HC (p = 0.03). A significant difference between the two cohorts was not seen among CD56dim cells (p = 0.2).

Co-expression of CD7 and CD2 was evaluated on both the CD56bright and CD56dim subsets. There was a large 
proportion of CD7+CD2+ cells within both subsets, without differences in the two clinical cohorts. However, 
we observed a significantly higher frequency of CD7−CD2+ cells among both CD56bright (p = 0.04) and CD56dim 
(p = 0.04) subsets (Fig. 5E,F).

Correlation of NK cell subsets and molecules with viral load.  We assessed whether any of the fre-
quencies of NK subsets or molecules expressed on these subsets were associated with viral load. Neither NK 
cells, the three NK subsets, nor any of the molecules expressed on them showed statistically significant cor-
relations with viral load. However, three populations did show borderline associations. NKG2C expressing NK 

Figure 5.   Expression of CD2 and CD7 by the subsets. The dot plot graph depicts the median fluorescent 
intensity of CD2 and CD7 on CD56bright (A,C) and CD56dim (B,D) NK cell subsets (HIV = 13, HC, 14 subjects). 
The frequency of CD7−CD2+ cells among CD56bright (E) and CD56dim (F) subsets is depicted. Mann–Whitney 
tests were performed with a p-value < 0.05 considered statistically significant. The median and 25th and 75th 
percentile are indicated on each plot.
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cells were inversely correlated with viral load (r = − 0.47, p = 0.055). Similarly, CD57 NK cells were negatively 
associated with viral load (r = − 0.46, p = 0.08), whereas CD2+CD7− NK cells were positive correlated with viral 
load (r = 0.53, p = 0.06).

Discussion
NK cells represent an important component of the immune response and are associated with reduced HIV 
disease progression both in observational studies and in vaccine trials24–26. Since many of the studies on NK 
phenotype and function have been performed in developed countries and few in resource limited regions and 
given that local factors could impact disease, the goal of the current study was to characterize the phenotypic of 
NK subsets among HAART naïve HIV subjects compared with healthy controls in the Ethiopian setting. Our 
key findings are as follows: (1) The three previously identified NK subsets, CD56brightCD16−ve, CD56dim CD16bright 
and CD56−veCD16bright, were observed to significantly change according to patterns previously identified when 
evaluated as a fraction of total NK cells. However, the CD56−veCD16bright subset, hypothesized to expand in HIV 
infection, was not found to be significantly changed when expressed as a function of total lymphocytes, raising 
the possibility that in our cohort much of the observed effect may not be related to expansion. (2) We identified 
elevated levels of HLA-DR molecules on NK, particularly the CD56dimCD16bright subset confirming previous 
studies. Moreover, we observed down-regulation of CD7 molecules in these subsets, presumably a related effect 
of NK activation. (3) We confirmed other research illustrating a significant decrease in CD8 positive NK cells 
among HIV infected subjects. Finally, we observed a relatively high fraction of KIR3DL1 positive cells among the 
CD56brightCD16−ve NK cells in HIV patients, an unexpected finding given current views of the CD56brightCD16−ve 
as a relatively immature and KIR negative population.

The CD56−veCD16bright population has gained attention for its overexpression in HIV patients, with further 
studies illustrating reduced functional capacity in these cells. This has led to the conclusion that it represents an 
expanded population of NK cells. Initial evidence for this was obtained by demonstrating enhanced concentra-
tion of CD56−veCD16bright NK cells in the blood of HIV patients9,11,27. Many subsequent studies have assumed 
expansion based on the observed elevated percentage of this subset among total gated NK cells28,29. However, 
in this study, we observed significantly enhanced percentages of the CD56−veCD16bright cells only among gated 
NK cells, not among lymphocytes. This suggests an additional mechanism that may contribute to the apparent 
elevated frequency of CD56−veCD16bright cells, namely the depletion of other NK subsets. As in other recent 
studies, we did not assess NK subset number as a function of blood volume, but our findings suggest in the 
future this should be considered in parallel, rather than simply relying on the subset percentages of gated NK.

While it is clear that cell activation is crucial for protective immune cell function in general, and NK cell 
function in particular, it is well established that HIV pathogenesis is unusual in that widespread and inappropri-
ate activation of the immune system occurs and can result in reduced function. In the context of NK cells, it is 
tempting to speculate that the elevated expression of HLA-DR molecules on NK cells in HIV patients reflects 
such a process. Indeed, some reports have indicated that frequencies of activated NK cells in HIV patients are 
predictive of a poor prognosis14,22,30,31. It is possible that such activation could be a prelude to the aforementioned 
differentiation into dysfunctional CD16+CD56−ve cells11, enhanced susceptibilities to apoptosis leading to dimin-
ished NK numbers or reduced function by HIV products such as nef32. Given the role of translocated intestinal 
lumen bacterial products in immune activation in HIV patients33, it is also possible that such microbial products 
may contribute either directly or indirectly to NK activation via monocyte/dendritic lineage cells.

CD7 has been shown to be down-regulated as a consequence of activation on both NK cells and T cells. It 
may be seen at depressed levels in chronic diseases, with most evidence demonstrated in cancer models, and 
little evidence in HIV disease34–36. In the present study we observed reduced intensity of CD7 on NK cells in 
HIV patients. In addition, we also observed a small population of CD7−CD2+ cells enriched in these subjects. 
While CD7 negative cells have been reported, others have suggested these may represent myeloid lineage cells. 
Further studies will be required to clarify this, but given the generalized decrease in CD7 in HIV patients, it is 
conceivable that these could represent NK cells with down-regulated CD7 molecules. With the demonstrated 
functional importance of CD737,38, our results suggest that further study of NK cells with reduced CD7 may shed 
further light on NK dysfunction in HIV disease.

We observed significantly depressed frequencies of CD8 expressing NK cells. This was observed equally 
among the CD56dimCD16bright and CD56brightCD16−ve subsets, confirming earlier studies that reported a selec-
tive loss of CD16+CD56+CD8+ or CD16+CD8+ NK cells in HIV infection17,28,39. Though not evaluated here, CD8 
positive NK cells have been shown to exhibit polyfunctionality, with both high cytokine production and cytolytic 
capacities17, a property thought to be involved in protection by T cells against HIV progression.

KIRs are generally expressed by mature CD56dimCD16brightcells40. However, we observed a significant frac-
tion of CD56brightCD16−ve cells which were positive for KIR3DL1/S1. To our knowledge, only one other study 
reported such a finding in HIV patients41. While CD56brightCD16−ve cells are relatively infrequent in blood they 
are more commonly expressed in tissues, and though typically KIR negative, increased KIR on decidual NK 
CD56brightCD16−ve cells have been reported42,43. The relationship with CD56brightCD16−ve cells in tissues with 
those in the blood is unclear43, but it is conceivable that under some conditions, a subset of CD56brightCD16−ve 
cells may undergo differentiation expressing KIR and retaining a high level of CD56 at least during the initial 
stages. Such a possibility would also be consistent with an in vitro study in which CD56bright NK cells activated 
in vitro retained the CD56bright phenotype but acquired KIR over several days in culture44. Further studies are 
needed to address the role of KIR on CD56brightCD16−ve cells in HIV disease.

Our study was limited by a relatively small sample size, reducing the power of the study. Several observa-
tions, in particular correlations of marker expression with HIV viral load, showed suggestive associations with 
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borderline statistical significance. Future studies in this setting with larger sample sizes will be needed to confirm 
and extend these observations.

Conclusions
This is the first study to comprehensively examine the phenotypes of multiple NK subsets in Ethiopia among 
HIV patients. We confirmed many of the previously defined phenotypic characteristics of NK cells described in 
multiple studies elsewhere. Further, our results highlight the importance of gating for enumeration of the over-
expressed CD56−veCD16bright NK subset, the potential importance of CD7 as activation and functional marker 
for NK cells, and finally the overexpression of KIR3DL1/S1 among the CD56brightCD16−ve subset among HIV 
patients, observations which have received little attention in previous studies.

Materials and methods
Study participants.  A total of 31 study participants, 15 HAART naïve HIV patients (HIV group) and 16 
healthy controls (HC) aged 18–49 years were enrolled in the study. In some experiments, a subset of these was 
utilized. The participants were recruited from health centers and hospitals in Addis Ababa, Ethiopia. All partici-
pants were screened for HIV by current national test algorithms and initial positives were further tested with 
the recency test (Asante recency test), with all patients exhibiting chronic disease > 6 months. HIV subjects were 
tested for viral load at it is a routinely done test, instead of CD4 T cell count. Healthy study participants were 
appointed to come back after a month, at which point the HIV test was repeated to confirm negativity. None 
of the participants had conditions such as tuberculosis, diabetes mellitus, pregnancy or were on treatment with 
immune suppressive medication (Supplementary Table S1).

Staining of cell surface antigens and flow cytometric acquisition.  Whole blood samples were col-
lected from each participant by venous puncture, and whole blood staining was performed. Briefly, 100 μl of 
blood was transferred to each tube containing a mixture of antibodies labeled as: panel-1 with CD3-APC-Cy7 
(Becton-Dickinson (BD), USA), CD16-FITC (BD, USA), CD56-PE (BD, USA), KIR3DL1/S1-APC (Beckman 
coulter), and CD8-PerCP (BD, USA), panel-2 with CD3-APC-Cy7, CD56-PE and NKG2C-Alexa488 (R&D, 
England), panel-3 with CD3-APC-cy7, CD56-PE, CD2-FITIC (Becton-Dickinson, USA) and CD7-PerCP (BD, 
USA), panel-4 with CD3-APC-cy7, CD56-PE, CD57-FITC (BD, USA), HLA-DR-PERCP (BD, USA) and CD19-
APC (BD, USA), panel-5 with no antibody (unstained tube). The tubes were then incubated for 20 min in the 
dark at 4 °C. Red blood cells (RBCs) were lysed with 1 ml of BD FACS lysing solution for 10 min at room tem-
perature, and washed with addition of 3 ml of FACS buffer (phosphate buffer saline 0.1 mM EDTA and 0.1% fetal 
bovine serum), centrifugation at 400×g for 7 min, and resuspended with 400 µl of FACS buffer. Compensation 
bead containing tubes were prepared with each fluorochrome and used during flow cytometer set up. 100,000 
events were acquired from all tubes except panel-5 (20,000 events only), using a FACS Canto II flow cytometer 
equipped with FACSDiva software. In some experiments for some samples staining was poor resulting in sample 
exclusion from analysis, resulting in sample numbers for a given marker set less than the maximum 15 HIV and 
16 HC subjects. Sample numbers are indicated in the figure legends.

FlowJo analysis.  FlowJo (BD) software was used for analysis with prepared templates, incorporating gates 
adjusted for each sample. Lymphocytes were gated based on forward scatter (FSC) and side scatter (SSC) and 
singlets were subsequently selected using an FSC-height (FSC-H) versus FSC-area (SSC-A) plot. After gating on 
CD3 negative cells, NK cells were then identified by the expression CD16 and/or CD56 as depicted in Fig. 1. Per-
centages of individual NK subsets (CD56brightCD16−ve, CD56dimCD16bright and CD56−veCD16bright) were defined 
among total NK cells defined as the sum of the three subsets. NK subsets were defined also as a percentage of 
lymphocytes as the great-grandparent node using FlowJo software. This figure is mathematically identical to 100 
times the product of the fraction of singlets among gated lymphocytes, the fraction of CD3− cells among gated 
singlets, and the fraction of the NK subset of interest. The three NK subsets were further analyzed for expression 
of CD8 and KIR3DL1/S1 using panel-1. However, for the rest of the panels, only CD56dim and CD56bright subsets 
were identified as depicted in Fig. 1 and analyzed for NKG2C, CD8, CD7, CD2, CD57, and HLA-DR.

Data analysis.  Data obtained from FlowJo Version 10.1 software and the viral load data from the Abbott 
machine were exported into JMP software (SAS, Cary, NC) after importation of an intermediate Excel (Micro-
soft) file for statistical analysis. Cell populations of interest were compared according to the study cohort as 
independent variables using the Mann–Whitney U test with p-values < 0.05 considered statistically significant. 
Spearman’s correlation was done to examine the correlation between NK subset frequencies and HIV viral load 
for HIV-infected participants.

Ethical approval and informed consent.  Participation in this study was voluntary and the study was 
approved by both the ethical review board at the University of Gondar, School of Biomedical and Laboratory 
science and Armauer Hansen Research Institute All Africa Leprosy, Tuberculosis, and Rehabilitation Training 
Center Ethics Review Committee (AERC), protocol number P006/18. Written informed consent was obtained 
from the study participants before involvement in the study. The AERC approved the study of the patient mate-
rial collected. All experiments were performed in accordance with relevant guidelines and regulations.



9

Vol.:(0123456789)

Scientific Reports |        (2022) 12:14747  | https://doi.org/10.1038/s41598-022-18413-3

www.nature.com/scientificreports/

Data availability
The datasets used and/or analyzed during the current study are available from the corresponding author on 
reasonable request.
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