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1.0 Abstract  
 
Renal transplant recipients (RTR) display high burdens of cytomegalovirus (CMV) and accelerated 

cardiovascular change. NK cells can control CMV and may contribute to vascular pathologies. 

Polymorphisms in genes encoding the inhibitory receptor LIR-1 and its ligand HLA-G, and the 

activating receptor NKG2C may illuminate the role of NK cells in vascular health and CMV immunity. 

We assessed 81 healthy adults and 82 RTR >2 years after transplantation. RTR had higher humoral 

and T-cell responses to CMV, and impaired vascular health. A 14bp indel in HLA-G associated with 

increased flow-mediated dilatation of the brachial artery. The T allele of LILRB1 rs1061680 associated 

with increased carotid intimal media thickness (cIMT) in RTR and controls. A 16kb deletion 

encompassing the NKG2C gene associated with lower cIMT values and higher humoral and T-cell 

responses to CMV. Hence all polymorphisms tested had small but discernable effects on vascular 

health. The NKG2C deletion may act via CMV.  
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2.0 Introduction: 

 
Infections with cytomegalovirus (CMV) are very common – indeed 40-90% of all adults are CMV 

seropositive [1]. Infections are usually asymptomatic in healthy individuals, but the virus becomes 

latent and persists with periodic reactivations generating immune activation and accelerated T-cell 

differentiation [2]. CMV is also implicated in the progression of several diseases of aging. Evidence 

linking persistent CMV with vasculopathy includes CMV-DNA in tissues removed during surgery for 

abdominal aortic aneurysm [3]. High CMV antibody titres are linked with increased blood pressure in 

young men [4] and coronary artery disease requiring surgery [5]. Proposed mechanisms include 

direct effects of proteins encoded by CMV, such as HCMV US28 – a chemokine receptor homologue 

that mediates monocyte attachment to endothelial cells [6].  

 

In the absence of anti-viral prophylaxis, symptomatic CMV infections occur in 20-60% of all transplant 

recipients and are associated with an increased risk of graft rejection, CMV end organ disease, 

cardiovascular disease and opportunistic infections [7]. We have demonstrated elevated levels of 

CMV antibody [8] in renal transplant recipients (RTR) stable more than 2 years after transplantation, 

suggesting a high persistent viral burden. 

 

Natural killer (NK) cells can control CMV infections in the absence of T-cells. Direct evidence includes 

a child with a congenital T-cell deficiency who recovered from CMV disease without antiviral therapy 

and displayed increased populations of NK cells [9]. Hence polymorphisms in genes encoding NK cell 

receptors may influence an individual’s burden of CMV. In addition, NK cells may contribute to 

vascular pathologies. Patients with coronary artery disease had low numbers of circulating NK cells 

[10] and patients with coronary heart disease had impaired NK cell cytotoxic activity compared with 

healthy controls [11]. NK cell function has also been associated with atherosclerosis in mice. 

Immunohistochemistry revealed NK cells in atherosclerotic lesions of Ly49A transgenic mice and non-

transgenic littermates. Atherosclerosis was reduced in mice with a functional NK cell deficiency [12].  

If NK cells are indeed important players in cardiovascular disease, then one may expect genetic 

polymorphisms affecting NK function to have an impact. Here we consider three candidate 

polymorphisms known to affect expression or function of the encoded protein. 

Leukocyte immunoglobulin-like receptor 1 (LIR-1, CD85j/ILT2; encoded by LILRB1) is an NK cell 

inhibitory receptor that is rapidly induced during CMV infections. LIR-1 can interact with major 



histocompatibility complex class I (MHC-1) proteins [most potently human leucocyte antigen (HLA)-

G [13] or UL18 (a CMV-encoded MHC-I homologue) to inhibit NK cell cytotoxicity [14]. A non-

synonymous single nucleotide polymorphism (SNP) in LILRB1 (rs1061680) is associated with low nadir 

CD4 T-cell counts and CMV disease in Caucasian HIV patients [15].   

A 14-base pair deletion in the gene encoding HLA-G has been linked with graft rejection in RTR. HLA-

G is a non-classical HLA class Ib molecule with limited variability generated by alternative splicing. A 

14-bp insertion/deletion polymorphism in exon 8 of the 3' untranslated region of the HLA-G gene can 

influence levels of soluble HLA-G in plasma [16], as it reduces mRNA stability [17]. The 14bp deletion 

is more common in RTR with active CMV infections (CMV DNA, pp65 antigenemia or IgM) when 

compared with recipients stable on therapy [18].  

NKG2 molecules belong to the C-type lectin superfamily involved in regulation of NK cell responses. 

NKG2C interacts with HLA-E to activate NK cellular cytotoxicity. Heterozygous and homozygous 

carriage of a 16-kb deletion in NKG2C reduces NKG2C expression on NK cells [19]. In a study of healthy 

blood donors, the deletion affected T-cell and NK cell profiles but did not alter T-cell responses to 

CMV antigens (IE-1, IE-2 and pp65) [20]. In contrast to this, Gambian children with the NKG2C-/- 

genotype had higher CMV antibody levels when compared with NKG2C+/+ children, but the difference 

was not apparent in healthy adults from the same community [21]. 

The importance of NKG2C and LIR-1/HLA-G in the relationship between CMV and its host is 

underscored by evidence NK cell expression of LIR-1 is an early marker of CMV replication in 

transplant recipients [e.g.: 22], and has been associated with atherosclerosis [23]. CMV also induces 

NK cells to express NKG2C [24], and expansions of the NKG2C+ NK cell subset has been associated 

with unstable carotid atherosclerotic plaques in CMV seropositive patients [25].  

 

Here we studied polymorphisms in LIR-1, HLA-G, NKG2C to illuminate the importance of NK cells as 

determinants vascular of health and the burden of CMV. Assessments included flow mediated 

dilatation (FMD) which measures the capacity of a larger conduit artery to dilate in responses to 

increased shear stress via endothelial dependent and independent mechanisms. Endothelial 

dependent FMD is regulated by nitric oxide bio-availability which is central to the regulation of 

renovascular function [26].  Carotid intimal media thickness (cIMT) is a measurement of the thickness 

of the inner layer (intima) of the carotid artery and is a marker of subclinical atherosclerosis [27]. We 



studied a well-characterized cohort of RTR as we have documented their high burden of CMV in 

relation to healthy older adults.  

 

 
3.0 Materials and Methods: 
 
3.1 Study Cohort 

Renal transplant recipients (n=82) were recruited from renal clinics at Royal Perth Hospital (Western 

Australia) and 81 healthy aged-matched controls were recruited from staff and through local 

advertisements. All RTR were clinically stable >2 years post-transplant, had no CMV disease or 

reactivation within 6 months of sample collection and were not taking anti-viral treatment. RTR 

infected with hepatitis B or C were excluded from the study.  Cardiovascular data (cIMT, plaques and 

FMD) were assessed by ultrasonography [8]. Ethics approval was provided by Curtin University 

(HR16/2015) and participants provided written informed consent. 

 

3.2 Assessments of the burden of CMV 

Plasma and buffy coats were stored at -80°C. Peripheral blood mononuclear cells (PBMC) were 

isolated by Ficoll density centrifugation and cryopreserved in liquid nitrogen. Plasma CMV IgG 

antibody titres were evaluated using an in-house ELISA assay utilising a lysate of CMV-infected 

fibroblasts or recombinant CMV gB or IE-1 antigens [28]. Plasma CMV DNA was detected using the 

Abbot Molecular assay (Abbot Laboratories, Chicago, IL) in the Department of Microbiology (Royal 

Perth Hospital). Cryopreserved PBMC were used to assess T-cell responses to a lysate of CMV-

infected fibroblasts and pp65 [28] and IE-1 antigens (JPT Peptide Technologies; Berlin, Germany) via 

ELISPOT assays. 

 

3.3 DNA Extraction and Genotyping 

DNA was extracted from EDTA buffy coat samples using FavorPrep Blood Genomic DNA Extraction 

Mini Kits (Favorgen, Ping-Tung, Taiwan) and stored at -80°C. Samples were diluted to 20ng DNA/µl 

for use. A Taqman assay (Applied Biosystems, Foster City, CA) was used to identify LILRB1 rs1061680. 

A 16kb deletion in exon 6 of NKG2C [29] was detected by PCR amplification [96°C for 5 minutes 

followed by 35 cycles of 96°C for 30 seconds, 57°C for 30 seconds and 72°C for 40 seconds]. Amplicons 

were separated on 1% agarose gels in 0.5×TBE buffer. Homozygous wildtype, heterozygous and 

homozygous deletion are denoted NKG2C+/+, NKG2C+/- and NKG2C-/- respectively.  A 14bp deletion in 



HLA-G [30] was identified by PCR amplification [95°C for 5 minutes followed by 35 cycles of 95°C for 

20 seconds, 60°C for 30 seconds and 72°C for 30 seconds]. Amplicons were separated on 3% agarose 

gels in 0.5×TBE buffer. Homozygous 14bp insertion, heterozygous and homozygous 14bp deletion 

are denoted 14bp+/+, 14bp+/- and 14bp-/- respectively.  

 

3.4 Statistical Analyses  

Mann-Whitney and Fisher’s exact tests utilized GraphPad Prism version 6 for Windows (Graphpad 

Software, La Jolla CA). 

 

 

4.0 Results and Discussion 
 

4.1 Controls and RTR were matched demographically and genotype frequencies did not differ 

Eighty-two RTR and 81 healthy controls were screened for polymorphisms in the genes encoding 

HLA-G, LILRB1 and NKG2C, cardiovascular health and CMV-reactive antibodies. There were no 

significant differences in gender or ethnicity between the healthy controls and RTR, and the RTR were 

only marginally older than the controls (Table 1).  

RTR had lower FMD values (p<0.0001), a higher incidence of plaques (p=0.003) and higher antibody 

responses to CMV lysate, gB and IE-1 (p <0.0001, p<0.0001, p=0.02 respectively) compared to healthy 

participants.  cIMT values did not differ between RTR and healthy participants. There were no 

significant differences in the frequencies of any polymorphisms between RTR and healthy controls 

when assessed by individual genotypes or carriage of the minor allele or deletion (Table 1). Neither 

CMV sero-negativity (RTR, n=13; controls, n=32) nor ethnicity partitioned with genotype for any of 

the polymorphisms tested (data not shown). When seronegative individuals were excluded from 

analyses, the trends were not affected, so data from all individuals are presented.  

CMV DNA was assessed in plasma samples from 77 RTR and 10 controls. Just 16 samples (all from 

RTR) contained CMV DNA. Of these only 7 had over 20 copies/ mL - the remainder were reported as 

having low but detectable DNA. Hence analyses of the effects of genotype on the detection of CMV 

DNA lacked statistical power and are not reported. 

4.2 HLA-G polymorphism may affect vascular health  



The 14bp+/+ genotype is less prevalent than 14bp-/- in these cohorts, as in our study of Caucasian and 

African American HIV patients [15]. RTR with the 14bp+/- HLA-G genotype presented with higher FMD 

values (Fig 1A, p=0.04), suggest more flexible arteries compared to RTR with the 14bp-/- genotype. 

FMD vales were not elevated in individuals with 14bp+/+, but there were only 9 RTR with this 

genotype. In accordance with the FMD data, RTR with the 14bp+/- genotype had marginally lower 

cIMT values (Fig 1B, p=0.096) suggesting a lower risk of subclinical atherosclerosis [27]. This supports 

a link between NK cell activity and atherosclerosis.  

We found no associations between the HLA-G indel and measures of CMV (T-cells or antibody). This 

is illustrated using CMV lysate antibody in Supplementary Fig 1. We also found no association with 

CMV seropositivity per se (14bp+/+ and 14bp+/- vs 14bp-/-, p=1.0), but cannot rule out an effect on CMV 

replication as Jin et al [19] linked carriage of the 14bp deletion in RTR with CMV pp65 antigenemia, 

DNA or IgM within 6 months of transplantation.  

 

4.3 LILRB1 SNP creates paradox when comparing FMD and cIMT 

RTR carrying the T allele of LILRB1 rs1061680 had elevated FMD (Fig 1C, TT vs TC, p= 0.03). This is 

illustrated in Figure 1C showing that TT homozygote carriers had the highest FMD values. 

Additionally, TT homozygotes carriers had less cardiac events (TT vs TC, p=0.047, data not shown). 

However this group also had the highest cIMT values (Fig 1D). This paradox was not evident in healthy 

controls where carriage of the T allele was associated with elevated cIMT (Fig 1F, TT vs CC, p=0.009 

and TC vs CC, p=0.004) and marginally lower FMD (Fig 1E, p=0.2, p=0.097, resp.).  

We considered the possibility that the discrepancy between RTR and controls may reflect the greater 

burden of CMV in the RTR. However there were no associations between LILRB1 rs1061680 alleles 

and CMV lysate antibodies (Supplementary Fig 1) or other measures of CMV burden described in 

Table 1 (data not shown). We previously linked the C allele with CMV disease in Caucasian HIV 

patients, but aligned the finding with very low nadir CD4 T-cell counts [15], so we have no evidence 

of a direct effect on the control of CMV. Accordingly it is possible that the vascular changes seen here 

reflect other risk factors. 

 

4.4 Expression of NKG2C may affect vascular health and this may be exacerbated by CMV infections 



Heterozygosity for the 16-kb deletion reduces surface expression of NKG2C [29] including that 

induced by CMV [24]. The NKG2C-/- genotype was rare (RTR n=5, controls n=6), precluding statistical 

analyses of these individuals. However compared with NKG2C+/- genotype, individuals with NKG2C+/+ 

genotype had higher cIMT (Fig 1G, p=0.007), lower T-cell responses to CMV IE-1 (Fig 1H, p=0.02), 

lower levels of CMV gB antibodies (Fig 1I, p=0.04) and marginally lower levels of CMV lysate antibody 

(Supp Fig 1, p=0.07). This aligns with better cardiovascular health in NKG2C+/- individuals with high 

adaptive responses to CMV. We can interpret this data in two ways. The first is that cardiovascular 

health is improved in the NKG2C+/-  group due to the decreased expression of NKG2C. Expression of 

NKG2C has been linked with unstable carotid atherosclerotic plaques [25]. Secondly low cIMT values 

may reflect better control of intermittent CMV replication by B and T-cells. When NK function is 

impaired by the NKG2C deletion, it is plausible that this drives B and T-cell responses to compensate 

for the decreased NK cytotoxicity. Although the NKG2C deletion did not affect CMV-specific T-cell 

responses in healthy adults here (data not shown) or in a previous study [20], it is plausible that it 

might do so in individuals with a high burden of CMV – such as RTR. 

 

5.0 Conclusions 

In conclusion, we provide preliminary evidence that LIR-1/HLA-G pathways may impact upon 

cardiovascular health, but the polymorphisms tested did not impact upon the burden of CMV as 

assessed by adaptive immune responses to CMV antigens. In contrast, the 16kb deletion in NKG2C 

known to affect expression of this ligand increased adaptive responses to CMV and associated with 

cardiovascular health as assessed by cIMT in RTR. Larger prospective studies are needed to explore 

the effect of the NKG2C deletion on adaptive immune responses to CMV and other viruses with a 

potential to affect vascular health.   
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Figure 1. Effects of LILRB1 SNP, HLA-G 14bp and NKG2C polymorphisms on FMD, cIMT and 

responses to CMV. 

A. Compares HLA-G genotype with FMD in RTR. B. Compares HLA-G genotype with average cIMT in 

RTR. C. Compares LILRB1 SNP genotype with FMD in RTR. D. Compares LILRB1 SNP genotype with 

average cIMT in RTR. E. Compares LILRB1 SNP genotype with FMD in healthy controls. F. Compares 

LILRB1 SNP genotype with average cIMT in healthy controls G. Compares NKG2C genotype with 

average cIMT in RTR. H. Compares NKG2C genotype with IE-1 T-cell responses in RTR (reported as 

spot forming units per 200,000 cells). I. Compares NKG2C genotype with gB antibody levels in RTR.  

 

Supplementary Figure 1. Comparison of CMV lysate antibody levels with HLA-G, LILRB1 and 

NKG2C genotype in RTR and healthy controls. 

This figure shows CMV lysate IgG antibody levels (AU) compared with the genotype groups in each 

genetic polymorphism that was analysed.  
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Figure 1 



Table 1. Comparison of demographics, cardiovascular measures, CMV measures and genotype 
frequencies between RTR and health controls.  
 

 RTR Control P-valuea 
n 82 81  

Demographic measures 

Age (years) 57 (31-76) 54 (21- 86) 0.07 
Male / Female 46/36 37/43 0.27 
Caucasian/Asian  69/ 8 71/9 1.00 

Cardiovascular measures  

FMD 3.9 (0 - 15.8) 7.9 (1.4- 18) <0.0001 
Average cIMT (mm) 0.66 (0.44 - 1.31) 0.64 (0.43- 0.93) 0.15 
Plaques Yes= 10, No= 63 Yes= 1, No= 80 0.003 
Cardiac event Yes=30, No=46 None reported  

Measures of the burden of CMV 

CMV Seropositive 69 (84%) 49 (60%)  
CMV Seronegative 13 (16%) 32 (40%)  
CMV lysate antibodies 605 (0- 7611) 56 (0- 1496) <0.0001 
gB antibodies  246 (0- 2932) 56 (0- 401) <0.0001 
IE-1 antibodies  96 (5- 4775) 63 (9- 1565) 0.02 
CMV lysate T-cellsb 45 (0- 1207) 23 (0- 1938) 0.55 
pp65 T-cellsb 147 (0-1490) 26 (0- 1880) 0.21 
IE-1 T-cellsb 25 (0- 593.5) 4.5 (0- 1304) 0.07 

Genotypes linked to NK function  
HLA-G 

14bp+/+ 12 13   
1.0d 14bp+/- 44 45 1.0c 

14bp-/- 26 22 1.0 

LILRB1 

TT 42 45   
1.0 TC 33 28 0.51 

CC 7 8 0.77 

NKG2C 

NKG2C+/+ 48 51   
1.0 NKG2C+/- 28 24 0.61 

NKG2C-/- 5 6 0.74 

 
a Mann Whitney or Fishers Exact tests 
b T-cell responses (-interferon production) are reported as spot forming units per 200,000 cells  
c Compared the homozygote wildtype (WT) with the heterozygotes  
d Compared the homozygote wildtype with the homozygote deletions (Del) 
 



 

Supplementary Figure 1 
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