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Abstract

:

Decompensated cirrhosis is the most common cause of ascites due to hemodynamic and renal alteration by continuous fluid leakage from the hepatic sinusoids and splanchnic capillaries into the interstitial space. Then, fluid leakage exceeds lymphatic return, leading to progressive fluid accumulation directly into the peritoneal cavity. Alcohol consumption is one of the main risks of developing alcoholic cirrhosis (AC), but not all AC patients develop ascites. Avoiding the development of ascites is crucial, given that it deteriorates prognosis and increases the patient mortality patient. The innate immune system plays a crucial role in cirrhosis through natural killer cells, which are abundant in the liver. The aim of this study was to analyze the KIR/HLA-C genetic profile in AC patients with and without ascites to understand this pathology and find predictive clinical susceptibility biomarkers that can help to establish risks and prevent the development of ascites in AC patients. A total of 281 AC patients with and without ascites were analyzed and compared with 319 healthy controls. Genomic DNA was extracted from peripheral blood in all groups. A PCR-SSO assay was performed for KIR/HLA genotyping analysis. A total of 16 activating and inhibitor KIR genes and their corresponding known ligands, epitopes of HLA-C, and their genotypes were analyzed. According to our analysis, C1 epitopes were statistically significantly decreased in AC patients with and without ascites. When comparing AC patients with ascites and healthy controls, a significant decrease in C1 epitope frequency was also observed. A statistically significant decrease was also found when comparing the C1C2 genotype in AC patients without ascites with controls. In conclusion, the absence of KIR2DL2 and KIR3DL1 genes may be a predisposing factor for the development of ascites in AC patients. The KIR2DS2/KIR2DL2 may could be involved in grade I ascites development, and the presence of the C1+ epitope and the homozygous C2C2 genotype may be protective genetic factors against ascites development in AC patients.
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1. Introduction


Ascites represents a critical event in the natural history of liver cirrhosis [1,2], deteriorating prognosis and increasing mortality rates [1,2]. Cirrhosis causes hemodynamic and renal alteration by continuous fluid leakage from the hepatic sinusoids and splanchnic capillaries into the interstitial space [3,4]. As cirrhosis progresses, fluid leakage exceeds lymphatic return, leading to progressive fluid accumulation directly into the peritoneal cavity, producing ascites in cirrhotic patients [5,6,7,8]. Other complications associated with portal hypertension include spontaneous bacterial peritonitis (SBP), hepatic encephalopathy (HE), hepatorenal syndrome, portopulmonary hypertension, or variceal bleeding [9,10,11]. Effective hypovolemia serves as the critical event in the pathophysiology of ascites, which traditionally relies on hemodynamic mechanisms [12]. Patients with decompensated cirrhosis in the final stages of their illness are generally indicated for liver transplantation (LT) [13].



Diverse studies have identified immune system deregulation and systemic inflammation as the primary processes in ascites [3,14]. Natural killer (NK) cells have been studied in lymphocyte-associated ascites [15,16]. NK lymphocytes often participate in the immune defense against malignant or virally infected cells, attacking such changed cells directly and contributing in the development of the adaptive response through cytokine production and interactions with other immune system cells [17,18]. In contrast, later stages of ovarian cancer are also marked by the presence of ascites [19,20]. Compared to ascites in advanced ovarian cancer and liver cirrhosis, some studies observed selectively concentrated CD4+CD25+ lymphocytes and NK-like T lymphocytes (CD3+CD56+) in the peritoneal cavity [11]. Ascites also considerably increase these cells in the peritoneal cavity relative to blood [19,20]. The effector activity of NK cells is regulated by the balance between activation and inhibition signals as a result of the expression of killer cell immunoglobulin-like receptor (KIR) molecules with different functional properties and human leukocyte antigen (HLA) class I molecules [21]. Recent studies on KIR-like receptors and HLA ligands suggest that they play an interesting role in liver immunopathology [22,23].



The aim of this study was to analyze the KIR/HLA-C genetic profile in AC patients with and without ascites to clarify the understanding of this pathology and find predictive clinical susceptibility biomarkers that can help to establish risks and prevent ascites development in AC patients.




2. Patients and Methods


2.1. Patient Enrollment


The medical records of 281 AC patients in the final stage of cirrhosis on the waiting list for a liver transplant (LT) at the University Clinic Hospital Virgen de la Arrixaca (Spain) were analyzed retrospectively. Sociodemographic data (age and sex), the presence or absence of ascites, and the KIR/HLA genetic profile were studied. All clinical parameters analyzed in this study were collected when our patients were first enrolled on the LT waiting list. The model for end-stage liver disease score in the AC patients on the waiting list for LT was 14.23 ±0.37 (mean ± SEM). The analyzed patients had a mean age of 53.02 ± 0.43 years (mean years ± SEM). The inclusion criteria were HIV-negative male AC patients without prior history of other organ transplants. A total of 319 male individuals matched in age were included as healthy controls for comparison with male AC patients.



All patients provided informed consent for inclusion before participating in the study. The study was conducted following the Declaration of Helsinki and was approved by the Ethics Committee of HUVA (PI19/01194).




2.2. Diagnostic Criteria of Alcohol Cirrhosis


Clinical, radiographic, and biochemical markers were used to diagnosis AC [24]. In the case of a negative self-report of alcoholic beverage consumption, the relatives’ opinion was considered. Cirrhosis typically has no symptoms in the early stages; thus, a routine scan, ultrasound, or clinical examination is used to make the diagnosis. In some cases, the disease went undetected until the second stage of decompensated cirrhosis, when symptoms such ascites, upper gastrointestinal bleeding, and encephalopathy became apparent. Cases of probable cirrhosis were confirmed using particular analysis and imaging approaches, as previously reported [25].




2.3. Ascites Diagnosis


Ascites was evaluated in 281 medical records of male AC patients when entering the waiting list for LT (Figure 1). Ascites was diagnosed by history; physical examination; and imaging tests, such as abdominal ultrasound [26], tomography, or magnetic resonance, establishing three grades ranging from low (grade I) to high involvement (grade II and III) [27,28]. In some cases, it was not possible to determine the degree of ascites (7/162).




2.4. Biochemical Parameters Analyzed in AC Patients with and without Ascites


A total of nine biochemical parameters were analyzed in this study based on previously published normalized values [29].




2.5. KIR and HLA Typing


Genomic DNA from peripheral blood was extracted using a QIAamp DNA Blood Mini Kit (QIAGEN, Hilden, Germany), as recommended by the manufacturer and previously published [22]. KIR genotyping was performed in patients and controls by Luminex® technology (Tepnel Lifecodes, Stanford, CT, USA) using sequence-specific oligonucleotides (PCR-SSO). This method identifies inhibitory (iKIR) KIR2DL1-3 and KIR3DL1-3, activating (aKIR) KIR2DS1-S5 and KIR3DS1 genes and KIR2DL4. The KIR2DL5A and KIR2DL5B genes could not be distinguished, while KIR2DP1 and KIR3DP1 pseudogenes were identified but not analyzed in this study. Since KIR2DL2 is generally closely associated with KIR2DS2 and individual effects could not be distinguished in our population, both genes were studied. HLA class I genotyping was also performed using PCR-SSO by Luminex® (Tepnel Lifecodes, Stanford, CT, USA), with a resolution level that identified the dimorphism at position 80 with HLA-C alleles assigned to C1 or C2 genotypes, as previously published [30,31]. Their study established three genotypes: homozygous C1C1 and C2C2 and heterozygous C1C2.




2.6. Statistical Analysis


Demographic and outcome data were entered into a database (Microsoft Access 2.0; Microsoft Corporation, Seattle, WA, USA) and analyzed with SPSS v27.0 (SPSS software Inc., Chicago, IL, USA). All data were reported as the mean, standard deviation, or percentage. Pearson’s chi-square and two-tailed Fisher’s exact tests were employed to compare classified variables between groups, while a two-sided Student’s t-test and a non-parametric Mann–Whitney test were used to compare mean values. The statistical significance threshold was set at p < 0.05. The odds ratio (OR) and 95% confidence interval (CI) were determined to evaluate relative risk.





3. Results


3.1. Sociodemographic and Clinical Characteristics


The sociodemographic and main clinical characteristics of the total cohort (n = 281) of male AC patients are shown in Table 1. Pediatrics and patients in whom specific tests could not be conducted were excluded from this study. The mean age immediately prior to transplant was similar (53.02 ± 0.43 years (mean years ± SEM)) in all analyzed patients. The inclusion criteria were HIV-negative male patients with alcohol liver cirrhosis and without a history of organ transplants.




3.2. Biochemical Characteristics of the AC Patient with and without Ascites


Analysis of biochemical parameters did not show statistically significant differences between AC patients with and without ascites or between AC patients with different ascites degrees (Table 2). The analyzed parameters (bilirubin, AST, ALT, AP, GGT, and INR) were elevated in AC patients with and without ascites above the established normal values, except for creatinine and albumin, which remained within the average normal ranges.



A statistically significant increase (p = 0.015) was observed when comparing alkaline phosphatase (AP) in AC patients with (176.41 ± 110.41 U/I) and without (172.80 ± 124.45 U/I) ascites. Regarding the INR (international normalized ratio), slightly elevated values were observed in AC patients with ascites (1.46 ± 0.34) compared to AC patients without ascites (1.38 ± 0.38). We also found a statistically significant increase in INR with increased ascites degree (p = 0.038).




3.3. Analysis of KIR Genes in AC Patients with and without Ascites


The frequency of the presence (KIR+) or absence (KIR-) of KIR genes in control (N = 319) and AC patients (N = 281) was analyzed and compared. We also compared KIR frequencies between AC patients with (n = 162) and without (n = 119) ascites.



3.3.1. Analysis of the Inhibitory KIR (iKIR) Gene Frequencies in AC Patients with and without Ascites


The frequency of iKIR genes in AC patients and controls was also analyzed (Table 3). No significant differences were detected in the univariate analysis of the frequency of iKIR genes between controls and patients, except for the KIR2DL2 gene, the frequency of which was significantly lower in total AC patients than in healthy controls (63.3% vs. 53.0%, respectively; OR = 0.654; 95% CI: 0.472–0.906, p = 0.013). In addition, the frequency of KIR2DL2 appears to be significantly decreased in AC patients with ascites compared with the control group (OR = 0.632; 95% CI: 0.431–0.927, p = 0.024). The frequency of other iKIR genes was similar between patients and controls. However, the KIR3DL1 gene slightly decreased in AC patients without ascites compared with those with ascites (93.2% vs. 98.3%, respectively; OR = 4.262; 95% CI: 0.927–19.599, p = 0.048).




3.3.2. Analysis of the Frequencies of aKIR Genes in AC Patients with and without Ascites


Eleven aKIR genes were analyzed in AC patients and controls (Table 4). A similar frequency of aKIR genes was observed, except for KIR2SD2+ and KIR2SD5+ genes. The presence of KIR2SD2+ was significantly lower in AC patients than in controls (52% and 63%, respectively; OR = 0.635; 95% CI: 0.458–0.880, p = 0.006). In addition, when comparing AC patients without ascites (51.9%), a lower frequency was found compared to controls (63%); this difference was statistically significant (OR = 0.639; 95% CI: 0.417–0.977, p = 0.048). Similarly, the frequency of KIR2DS2+ genes among AC patients with ascites (51.9%) was significantly decreased compared to controls (63%, OR = 0.632; 95% CI: 0.431–0.927, p = 0.024).



The frequency of KIR2SD5 was significantly higher in AC patients than in controls (35.2% and 27%, respectively; OR = 1.474; 95% CI: 1.041–2.087, p = 0.033) and among AC patients without ascites (39.5%) (OR = 1.769; 95% CI: 1.136–2.754, p = 0.014); this difference was statistically significant.





3.4. Analysis of KIR Genes in AC Patients with Different Ascites Degrees


Next, the frequencies of KIR genes in AC patients with different degrees of ascites were analyzed. Among AC patients with ascites (N = 162), degrees I (n = 32), II (n = 66), and III (n = 56) were distinguished.



3.4.1. Analysis of the Frequencies of iKIR Genes in AC Patients with Different Ascites Degrees


As shown in Table 5, the frequency of iKIR genes was similar among AC patients with ascites of different degrees, with no significant differences detected in any of the iKIR genes. A significantly increased frequency of KIR3DL1+ was observed among AC patients with grade II ascites relative to grade I patients (95.5% compared to 87.5% respectively; p = 0.211). On the other hand, the control groups was compared with AC patients with different ascites grades. In most cases, the frequency was similar, although it was found that the frequencies of iKIR genes were decreased in AC patients with degree I ascites, with no significant results except for the KIR2DL2 gene. As shown in Table 4, the frequency of KIR2DL2 genes was decreased in AC patients with degree I ascites (43.8%) compared with the control group (63.3%); this difference was statistically significant (p = 0.036). The KIR2DL2 gene frequency in AC patients with degree II and III ascites was lower (51.5% and 51.8%, respectively).




3.4.2. Analysis of the Frequencies of aKIR Genes in AC Patients with Different Degrees of Ascites


Similar results were obtained in the analysis of the aKIR genes, without significant differences between the frequencies among AC patients with ascites according to their grade (Table 6). Differences in the frequencies were obtained between patients with different degrees of ascites and the control group. The frequency of the KIR2DS2 gene was decreased in patients with grade I, II, and III ascites (43.8%, 51.5%, and 50%, respectively) compared to controls (63%). This difference was statistically significant only for the case of grade I ascites (p = 0.037). On the other hand, the frequency of the KIR2DS3 gene was increased in patients with grade I ascites (43.8%) compared with the control group (33.5%), while in individuals with grade II and III ascites, it was decreased (27.3% and 30.4%, respectively) in a non-significant manner. Finally, the KIR2DS5 gene was increased in patients with grade I (31.3%), II (34.8%), and III (30.4%) ascites compared with the control group (27%) but without statistical significance (Table 5).





3.5. Analysis of the Frequency of Epitopes and HLA-C Genotypes in AC Patients with Different Degrees of Ascites


Due to the importance of these Asn and Lys epitopes in the interaction of the HLA-C genotype as a ligand for KIR2D receptors, the possible influence of the presence of these epitopes in the population of AC patients and controls was studied (Table 7).



We observed that the number of patients lacking the C1 epitope was significantly decreased in AC patients compared to controls (OR = 0.586; 95% CI: 0.387–0.889, p = 0.015). Similar results were observed when analyzing AC patients with and without ascites compared to controls (OR = 0.548; 95% CI: 0.324–0.927, p = 0.031). However, analysis of the presence or absence of the C2 epitope did not show differences between controls and AC patients.



A subsequent analysis of HLA-C genotypes was performed on the same cohort of patients, demonstrating a similar frequency of the C1C1 genotype in controls and AC patients. The C1C2 and C2C2 genotypes were differently in the two groups(Table 7).



Likewise, the heterozygous C1C2 genotype was decreased in the population of patients without ascites compared with the control group (38.9% vs. 52.5%), presenting statistically significant differences (OR = 0.576; 95% CI: 0.372–0.893, p = 0.016). In addition, significant differences were obtained when comparing individuals with and without associated ascites, with an increase in the heterozygous C1C2 genotype in patients with associated ascites (OR = 1.670; 95% CI: 1.023–2.725, p = 0.048). However, this difference did not reach statistical significance despite showing a lower frequency in our patient population than in controls (46.3% and 52.5%, respectively).



On the other hand, the homozygous C2C2 genotype appeared to significantly increase in AC patients compared with the control group (23.5% vs. 15.3%, p = 0.015). Similar results were obtained when comparing the control group with AC patients without ascites (24.8% and p = 0.031). A lower frequency was also obtained in AC patients with ascites (22.6%) compared with the control group, at a borderline level of significance (p = 0.056). Subsequently, a frequency analysis of HLA-C epitopes and genotypes was performed in AC patients according to the degree of ascites. A similar frequency was observed among the groups (Table 8).




3.6. Analysis of KIR Gene Combinations and Their Corresponding HLA-C Ligands


Subsequently, the frequency of combinations of KIR genes with their known ligand was analyzed, considering the corresponding HLA-C ligand (C1, C2, or Bw4) in each case. For this analysis, inhibitory KIR genes and activating KIR genes were divided into two groups, and constitutive KIR genes and pseudogenes were excluded.



Analysis of KIR Genotypes and Their HLA-C Ligands in AC Patients with Ascites


As seen in Table 9, the iKIR genotype and its HLA-C ligands were evaluated in AC patients with ascites. The combination of KIR2DL1+/S1− in the presence and absence of its C2 epitope showed that the frequency of these combinations was similar in healthy controls and AC patients. On the contrary, when KIR2DL2 and KIR2DL3 associated with the C1+ ligand were analyzed, a lower frequency of these combinations was observed in the group of AC patients (83.5% vs. 76.2% and 85.1% vs. 75.9%, respectively), although this decrease was only significant for the combination of KIR2DL3 with C1+ (OR = 0.550; 95% CI: 0.353–0.858, p = 0.010). Similar results were obtained in the group of AC patients without ascites, but they were not significant.



Similarly, the frequency of the KIR3DL1+ gene in the presence and absence of its ligand, the BW4+ epitope, was also analyzed, but in this case, the frequencies were similar between the control group and AC patients (p = 0.846).



Regarding aKIR, the frequency of KIR2DS1+ in the presence and absence of the C2 epitope was also analyzed, finding no statistically significant differences between the control group and the patient population. The analysis of the combination of the KIR2DS4 gene with its two known ligands (C1+ and C2+) showed that the number of patients carrying the C1+ ligand and KIR2DS4 decreased compared to the control group (84.8% vs. 76.3%), and this difference was significant (OR = 0.575 95% CI: 0.376–0.880, p = 0.013). Something similar occurred when comparing AC patients without ascites with controls (75.2% vs. 84.8%), but the results were not statistically significant. In addition, the combination of KIR2DS5 with the C1+ ligand was less frequent in the whole group of patients with cirrhosis compared with the control group (72.9% vs. 84.3%), without statistical significance. In contrast, the combination of the C2+ ligand with KIR2DS5 appeared to increase in the patient group (74% vs. 67.5%), but the difference observed here was not statistically significant either. The results obtained in the group of AC patients with different ascites grades were insignificant.






4. Discussion


This study aimed to analyze the KIR/HLA-C genetic profile in AC patients with and without ascites to clarify the understanding of this pathology and find predictive clinical susceptibility biomarkers that can help to establish risks and prevent ascites development in AC patients. We performed a genetic study including controls and AC patients with and without ascites and analyzed the frequency of KIR and HLA-C genes and their combinations according to ligand–receptor compatibility to determine if there is any relationship with the risk of developing ascites or, on the contrary, a protection factor.



Evidence suggests that NK cells, via their membrane receptors, play dual roles in the development and progression of liver fibrosis, including profibrotic and antifibrotic functions [33], by selectively killing early or senescence-activated hepatic stellate cells (HSCs) and producing antifibrotic cytokine IFN-γ [34,35].



On the other hand, chronic ethanol use reduces the antifibrotic actions of NK cells/IFN-/STAT1 in the liver, suggesting novel and alternative therapeutic targets for the treatment of alcoholic liver fibrosis [36]. However, it is unknown whether the receptor–ligand couple (KIR/HLA) interacts directly in the alcohol metabolic pathway.



Our data show that AC patients had a decreased frequency of the iKIR2DL2 gene. The aKIR gene seems to influence the development of AC in patients. On the other hand, the increase in the KIR2DS5 gene was significant among AC patients compared with the control group. In our cohort of patients without ascites, the presence of KIR2SD5 was also significantly higher compared with the control group. Another study [22] found that KIR2DL2 and KIR2DS5 had the opposite impact in AC patients older than 54 years, with KIR2DL2 being protective against cirrhosis. In contrast, the presence of KIR2DS5 appears to encourage the fibrotic process, particularly in individuals without concomitant viral infection.



However, in other affectations, such as hepatoxicity, the combinations of KIR receptor–HLA ligand do not seem to have an effect [37]. KIR2DL2 and KIR3DL1 suggest a predisposition to the development of ascites. This suggests that a decrease in the KIR2DL2 gene, in addition to influencing AC development, could predispose patients to the development of ascites, since, on the one hand, the comparison between AC patients and controls was significant and, on the other hand, the comparison of AC patients without ascites and controls showed a lower frequency of KIR2DL2 but without significant results.



However, the patients without associated ascites presented a significantly lower KIR2DS2 frequency than controls, with a higher KIR2DS5 gene frequency in AC patients without ascites than controls. The same occurred with the KIR2DS2 gene. Patients with grade II and III ascites had a lower presence of both genes but without statistical significance. Thus, when KIR2DS2 was absent, there was a 100% chance that KIR2DL2 was also absent and an 82.39% chance that KIR2DS4 was present [38]. Other studies show a significantly increased frequency of KIR2DS5 in cirrhotic patients without associated viral infection compared to controls, with a similar trend in KIR3DS1+. On the other hand, a decrease in the frequency of KIR2DS5 in patients with viral infection compared to patients without viral infection was reported, suggesting a role in the development of a viral infection. However, in a joint analysis of the three centromeric KIR genes, they seemed to be more frequently represented in the population of AC patients and were suggested to participate in the biological mechanisms of the cirrhotic process [39].



The presence of KIR3DS1 receptors and KIR2DS1 has also been related to an increased risk of suffering from certain autoimmune diseases, such as ankylosing spondylitis [40], or, in the presence of the KIR2DL5 gene, as predisposing factors in multiple sclerosis [41]. Our data are similar to those published by Legaz et al. [22], which point to the KIR2DL1+ and KIR3DL2+ genes as factors of susceptibility to the development of ascites in AC patients. Similar data were obtained in both groups for KIR2DL1. However, other studies have found a relationship between the increased frequency of the KIR2DL2 gene and predisposition to the development of autoimmune diseases [40,41] or infectious diseases [42,43]. Other authors reported that ascites did not influence AC [44]. Due to the importance of these Asn and Lys epitopes in the interaction of the HLA-C genotype as a ligand for KIR receptors, the possible influence of the presence of these epitopes in AC patients and controls was studied, as well as their influence on the presence of AC and ascites.



Thus, it was observed that the number of patients lacking the C1 epitope was significantly decreased in the AC patients compared with the control group. All this suggests that the C1+ epitope did not influence the development of ascites but influenced the cirrhotic process. However, other studies have associated the HLA-C1 ligand group with an increased risk of systemic lupus erythematosus [45], inflammatory diseases [46], and HIV infection [47,48]. On the other hand, the heterozygous C1C2 genotype presented significant differences, with a lower frequency in patients without ascites compared with the control group. Significant differences were also obtained when comparing AC patients with and without ascites, with increased presence of the heterozygous C1C2 genotype in AC patients with ascites.



On the other hand, the frequency of the homozygous C2C2 genotype appeared to be significantly increased in AC patients compared with the control group. Similar results were obtained when comparing controls with AC patients with and without ascites. No differences were found regarding the degree of ascites.



Thiruchelvam-Kyle et al. [49] discovered a novel, as-yet-unidentified ligand for the KIR2DS2 NK cell activation receptor. Target cell HLA-C typing revealed that KIR2DS2 recognition was independent of HLA C1 and C2 groups, whereas targeting cells revealed that KIR2DL3 exclusively recognized expressed C1 group alleles. This coincides with our data, with reference to the population of AC patients that presents a reduction in the C1 epitope, as well as a lower frequency of the KIR2DL3 gene.



In another study, the combination these two factors was pointed out as a risk factor for human papillomavirus infection and the development of cervical cancer [50]. In contrast, the KIR2DL3/C1C2 genotype correlates with nodular melanoma and ulceration. In addition, the KIR2DL1(+)/S1(-)/C2C2 genotype, which is associated with susceptibility to melanoma and lymph node metastasis [51,52], was also observed with a highly significant increase in homozygous KIR2DL3/HLA-C1 in patients with Crohn’s disease, confirming the relevance of the KIR2DL2/KIR2DL3 genes and their interaction with HLA-C and disease. Another study suggested that KIR2DL2/KIR2DL3 heterozygosity in individuals carrying HLA-C2 increases the risk of certain diseases that involve inflammation, such as Chlamydia trachomatis infection [46]. Heterozygosity in individuals carrying HLA-C2 was also indicated as a risk factor for psoriasis associated with the HLA-C1 ligand versus KIR2DL2 in homozygosis [53]. KIR2DS2 and its HLA-C1 ligand have also been correlated with the pathogenesis of Hashimoto’s thyroiditis [54]. On the contrary, the predominance of the inhibitory interaction between KIR2DL2/3 receptors and HLA-C1 ligands in the absence of KIR2DS2 suggests a possible protective role in the pathogenesis of this disease. In contrast, for KIR2DS4+, Umemura et al. [55] presented significant associations with the HLA-C2 ligand, showing a significant progression toward liver cirrhosis. Ursu et al. [56] suggest that the expression of KIR2DL3, KIR2DL5, and KIR2DS4 and the association with HLA alleles may increase the patient’s susceptibility to developing chronic HCV infection. HLA-A*23:01 was the most frequent, although HLA-B* 44:02 and C*04:02 were also significantly elevated in HCV-positive patients. Kermes [57] suggests that the combination of KIR2DL3 + HLA-C1 genes with little inhibitory effect resolves infection with hepatitis C virus more efficiently.



A significant relationship between the KIR genes and their HLA ligands has also been observed with the incidence rate of SCD in the Iranian population [58]. Likewise, the frequency of the KIR3DL1+ gene in the presence and absence of its ligand, the Bw4+ epitope, was also analyzed, but in this case, the frequencies were similar between controls and AC patients. Another source describes the KIR3DL1 + HLA-Bw4 association as protective in patients with multiple sclerosis [59], as do García-León et al. [41], confirming HLA-Bw4 transport as a protective factor in multiple sclerosis. We observed significant results when analyzing the frequency of KIR2DS1+ in the presence and absence of the C2+ epitope. On the other hand, it has been pointed out that the stronger inhibitory interaction of KIR2DL1 + HLA-C2 affects placental development, causing reproductive problems such as pre-eclampsia, recurrent spontaneous abortion, and fetal growth restriction [60].



Finally, it should be noted that our study is subject to a series of limitations, among which is the lack of knowledge about the type of alcohol consumed, intensity, quantity, or even the age of onset of consumption. The sample size used in this genetic association study is appropriate both for the group of AC patients and the control group. Although a larger cohort of AC patients with ascites would have been desirable, it was possible to carry out all the statistical treatments in this study with no limitation in the results due to the number of patients analyzed. However, it was difficult to analyze the patient population according to the degree of ascites due to the small sample size. On the other hand, the results of this study can only be applied to other populations with control with a similar KIR/HLA gene repertoire due to the large differences in KIR/HLA gene repertoires between populations around the world.



Furthermore, we only studied the KIR and HLA genes. Beyond the KIR and HLA genes, analysis of SNPs in genes for alcohol metabolism and immune function (e.g., PNPLA3, TM6SF2) [61,62,63,64,65], expression of liver fibrosis microRNAs (miR-122, miR-34a) [66,67,68], and epigenetic methylation patterns and genetic polymorphisms affecting oxidative stress [69,70] could provide further insight into alcoholic cirrhosis and ascites. In addition, examination of inflammation-regulating cytokine gene variants, a broader range of HLA alleles, and expanded KIR haplotypes, with integration of multiomic data on proteomic, metabolomic, and transcriptomic biomarkers, could significantly improve comprehensive identification of relevant genetic factors that influence pathogenesis.



Given the obtained results, we emphasize the opportunities to find a more extensive profile of biomarkers, taking into account the age of first alcohol intake, alcohol consumption in grams per week, and post-transplant alcoholic recurrence in order to understand the etiology of AC and improve patient survival, on the one hand, and designing new tactics for the prevention and control of the abusive consumption of alcohol to detect, manage, and reduce the frequency of AC in our population through a deeper understanding of cirrhosis and ascites in future studies.




5. Conclusions


In conclusion, KIR2DS2, KIR2DS5, and KIR2DL2 genes are considered susceptibility factors for AC. A decrease in the KIR2DL2 and KIR3DL1 genes may be a predisposing factor for the development of ascites. The KIR2DS2 and KIR2DL2 genes may be involved in development of grade I ascites in AC patients. Regarding the association of KIR receptors and their ligands, the C1+ epitope does not seem to influence the development of ascites. The homozygous C2C2 genotype is a protective factor for AC patients without ascites. The C1C2 genotype may be a risk factor for ascites development in AC patients. The decrease in the combination of the KIR2DL3 genes with the C1+ ligand may influence the development of AC, while the combination of KIR2DS4 with the C1+ ligand may be considered a protective factor against AC.
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Figure 1. Schematic of the types of patients analyzed in this study. 
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Table 1. Characterization of the study population of male AC patients.
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n (%)

	
Mean Age (Years ± SEM)






	
Total patients

	

	
281 (92.7)

	
53.63 ± 0.495




	
Ascites *

	
+

	
162 (57.7)

	
53.91 ± 0.644




	

	
−

	
119 (42.3)

	
53.24 ± 0.775




	
Grade of Ascites

	
I

	
32 (20.7)

	
53.22 ± 1.381




	

	
II

	
66 (43.2) a

	
52.73 ± 1.001




	

	
III

	
56 (36.1)

	
56.21 ± 1.074








N, total number of individuals; n, number of individuals in each subgroup; * Ascites, presence (+) or absence (−); SEM, standard error of the mean. Comparisons were made using a two-tailed Fisher’s exact test. The p value was obtained by comparing the group with grade II ascites with the rest of the groups. a The group with grade II ascites was compared with the rest of the groups (grade I and III ascites); OR = 0.349; 95% CI: 0.212–0.574, p < 0.001.













 





Table 2. Biochemical characteristics of male AC patients with and without ascites and grade of ascites.
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Male AC Patients

	

	
Grade of Ascites




	
Parameter

	
Normal Values

	
Total Patients

N = 281

	
Ascites + N = 162

	
Ascites −

N = 119

	
P1

	
Grade I

N = 91

	
Grade II

N = 190

	
Grade III

N = 190

	
P2






	
Creatinine (mg/dL)

	
0.7–1.2

	
228 *

	
155

	
73

	

	
30

	
64

	
55

	




	
1.09 ± 0.75 **

	
1.14 ± 0.81

	
0.99 ± 0.61

	
0.161

	
1.01 ± 0.26

	
1.11 ± 1.05

	
1.25 ± 0.74

	
0.413




	
Albumin (g/dL)

	
3.5–5.2

	
174

	
118

	
56

	

	
21

	
53

	
39

	




	
3.46 ± 0.66

	
3.34 ± 0.62

	
3.69 ± 0.68

	
0.139

	
3.46 ± 0.65

	
3.28 ± 0.60

	
3.40 ± 0.63

	
0.455




	
Bilirubin total (mg/dL)

	
0.05–1.2

	
180

	
124

	
56

	

	
25

	
52

	
41

	




	
3.15 ± 4.15

	
3.33 ± 4.00

	
2.74 ± 4.47

	
0.378

	
2.62 ± 1.78

	
2.87 ± 2.39

	
4.42 ± 6.14

	
0.3785




	
AST (U/L)

	
5–40

	
172

	
119

	
53

	

	
20

	
52

	
41

	




	
97.44 ±189.61

	
88.15 ± 101.21

	
118.30 ± 307.14

	
0.337

	
62.10 ± 47.54

	
102.36 ± 128.92

	
84.34 ± 83.10

	
0.114




	
ALT (U/L)

	
5–41

	
174

	
120

	
54

	

	
21

	
52

	
41

	




	
74.35 ± 158.57

	
66.60 ± 100.49

	
91.55 ± 242.83

	
0.338

	
72.90 ± 168.28

	
69.50 ± 89.13

	
60.43 ± 73.56

	
0.877




	
AP (U/L)

	
40–130

	
163

	
112

	
51

	

	
20

	
49

	
37

	




	
175.28 ± 114.61

	
176.41 ± 110.41

	
162.80 ± 124.45

	
0.015

	
155.65 ± 62.95

	
178.12 ± 121.85

	
163.32 ± 88.39

	
0.655




	
GGT (U/L)

	
10–71

	
161

	
111

	
50

	

	
19

	
50

	
37

	




	
103.07 ± 91.75

	
99.90 ± 95.66

	
110.10 ± 82.88

	
0.5156

	
75.42 ± 58.33

	
108.06 ± 92.82

	
93.13 ± 104.53

	
0.405




	
INR

	
0.9–1.2

	
215

	
148

	
67

	

	
30

	
59

	
55

	




	
1.44 ± 0.35

	
1.46 ± 0.34

	
1.38 ± 0.38

	
0.125

	
1.38 ± 0.20

	
1.42 ± 0.22

	
1.55 ± 0.46

	
0.038








* n, ** mean ± SEM; N, total number of individuals; n, number of individuals in each subgroup; SEM, standard error of the mean; AST, aspartate transaminase; ALT, alanine aminotransferase; AP, alkaline phosphatase; GGT, gamma-glutamyl transferase; IN, total number of individuals; SD, standard deviation; INR, international normalized ratio. Comparisons were made using Student’s t-test. P1, p value when comparing patients with and without ascites; P2, p value when comparing patients with ascites according to their grade; NR, international normalized ratio. 













 





Table 3. Analysis of the frequency of iKIR genes in male AC patients and controls.






Table 3. Analysis of the frequency of iKIR genes in male AC patients and controls.





	

	

	

	
Male AC Patients

	

	

	




	

	

	
Controls

N = 319

	
Total AC Patients

N = 281

	

	
Ascites −

N = 119

	
Ascites +

N = 162

	

	

	




	
KIR Gene *

	
P/A

	
n (%)

	
n (%)

	
P1

	
n (%)

	
n (%)

	
P2

	
P3

	
P4




	
iKIRs

	

	

	

	

	

	

	

	

	






	
2DL1 (S1-)

	
+

	
197 (61.8)

	
160 (56.9)

	
0.244

	
64 (53.8)

	
96 (59.3)

	
0.155

	
0.622

	
0.394




	

	
−

	
122 (38.2)

	
121 (43.1)

	

	
55 (46.2)

	
66 (40.7)

	

	

	




	
2DL2

	
+

	
202 (63.3)

	
149 (53.0)

	
0.013 a

	
64 (53.8)

	
85 (52.5)

	
0.079

	
0.024 b

	
0.904




	

	
−

	
117 (36.7)

	
132 (47)

	

	
55 (46.2)

	
77 (47.5)

	

	

	




	
2DL3

	
+

	
279 (87.5)

	
249 (88.6)

	
0.707

	
106 (89.1)

	
143 (88.3)

	
0.743

	
0.883

	
1.000




	

	
−

	
40 (12.5)

	
32 (11.4)

	

	
13 (10.9)

	
19 (11.7)

	

	

	




	
2DL5

	
+

	
170 (53.3)

	
158 (56.2)

	
0.511

	
70 (58.8)

	
88 (54.3)

	
0.322

	
0.847

	
0.468




	

	
−

	
149 (46.7)

	
123 (43.8)

	

	
49 (41.2)

	
74 (45.7)

	

	

	




	
3DL1

	
+

	
304 (95.3)

	
268 (95.4)

	
1.000

	
117 (98.3)

	
151 (93.2)

	
0.174

	
0.394

	
0.048 c




	

	
−

	
15 (4.7)

	
13 (4.6)

	

	
2 (1.7)

	
11 (6.8)

	

	

	








P, presence; A, absence; N, total number of individuals; n, number of individuals with the presence or absence of a KIR gene. A two-tailed Fisher’s exact test was used for comparisons. P1, p value obtained by comparing total AC patients with controls; P2 and P3, p value obtained by comparing AC patients with and without ascites to controls, respectively; P4, p value obtained by comparing AC patients without and with ascites. a OR = 0.654; 95% CI:0.472–0.906, p = 0.013. b OR = 0.639; 95% CI: 0.436–0.938, p = 0.024 c OR = 4.262; 95% CI: 0.927–19.599, p = 0.048. * Housekeeping genes and pseudogenes are not included.













 





Table 4. Analysis of the frequency of aKIR genes in AC patients with and without ascites.






Table 4. Analysis of the frequency of aKIR genes in AC patients with and without ascites.





	

	

	

	
Male AC Patients

	

	

	




	

	

	
Controls

N = 319

	
Total Patients

N = 281

	

	
Ascites −

N = 119

	
Ascites +

N = 162

	

	

	




	
KIR Gene *

	
P/A

	
n (%)

	
n (%)

	
P1

	
n (%)

	
n (%)

	
P2

	
P3

	
P4




	
aKIRs

	

	

	

	

	

	

	

	

	






	
2DS1 (L1+)

	
+

	
119 (37.3)

	
119 (42.3)

	
0.211

	
55 (46.2)

	
64 (39.5)

	
0.100

	
0.691

	
0.274




	

	
−

	
200 (62.7)

	
162 (57.7)

	

	
64 (53.8)

	
98 (60.5)

	

	

	




	
2DS2 (L2+)

	
+

	
201 (63.0)

	
146 (52.0)

	
0.006 a

	
62 (52.1)

	
84 (51.9)

	
0.048 c

	
0.024 e

	
1.000




	

	
−

	
118 (37.0)

	
135 (48)

	

	
57 (47.9)

	
78 (48.1)

	

	

	




	
2DS3

	
+

	
107 (33.5)

	
93 (33.1)

	
0.931

	
41 (34.5)

	
52 (32.1)

	
0.910

	
0.838

	
0.702




	

	
−

	
212 (66.5)

	
188 (66.9)

	

	
78 (65.5)

	
110 (67.9)

	

	

	




	
2DS4

	
+

	
305 (95.6)

	
266 (94.7)

	
0.704

	
115 (96.6)

	
151 (93.2)

	
0.790

	
0.281

	
0.285




	

	
−

	
14 (4.4)

	
15 (5.3)

	

	
4 (3.4)

	
11 (6.8)

	

	

	




	
2DS5

	
+

	
86 (27.0)

	
99 (35.2)

	
0.033 b

	
47 (39.5)

	
52 (32.1)

	
0.014 d

	
0.243

	
0.209




	

	
−

	
233 (73.0)

	
182 (64.8)

	

	
72 (60.5)

	
110 (67.9)

	

	

	




	
3DS1

	
+

	
129 (40.4)

	
132 (47.0)

	
0.117

	
60 (50.4)

	
72 (44.4)

	
0.066

	
0.434

	
0.335




	

	
−

	
190 (59.6)

	
149 (53.0)

	

	
59 (49.6)

	
90 (55.6)

	

	

	








P, presence; A, absence; N, total number of individuals; n, number of individuals with the presence or absence of a KIR gene. A two-tailed Fisher’s exact test was used for comparisons. P1, p value obtained by comparing total AC patients with controls; P2 and P3, p value obtained by comparing AC patients with and without ascites to controls, respectively; P4, p value obtained by comparing AC patients without and with ascites. a OR = 0.635; 95% CI: 0.458–0.880, p = 0.006. b OR = 1.474; 95% CI: 1.041–2.087, p = 0.033. c OR = 0.639; 95% CI: 0.417–0.977, p = 0.048. d OR = 1.769; 95% CI: 1.136–2.754, p = 0.014. e OR = 0.632; 95% CI: 0.431–0.927, p = 0.024. * Housekeeping genes and pseudogenes are not included.













 





Table 5. Analysis of the frequency of iKIR genes in AC patients with different ascites degrees compared to controls.






Table 5. Analysis of the frequency of iKIR genes in AC patients with different ascites degrees compared to controls.





	

	

	

	
Male AC Patients

	

	

	

	

	

	




	

	

	

	

	
Grade of Ascites

	

	

	

	

	

	




	

	

	
Controls

N = 319

	
Total

Patients

N = 281

	

	
Grade I

N = 32

	
Grade II

N = 66

	
Grade III

N = 56

	

	

	

	

	

	




	
KIR Gene *

	
P/A

	
n (%)

	
n (%)

	
P1

	
n (%)

	
n (%)

	
n (%)

	
P2

	
P3

	
P4

	
P5

	
P6

	
P7




	
iKIRs

	

	

	

	

	

	

	

	

	

	

	

	

	






	
2DL1 (S1-)

	
+

	
197 (61.8)

	
160 (56.9)

	
0.244

	
16 (50)

	
41 (62.1)

	
34 (60.7)

	
0.281

	
0.375

	
1.000

	
0.254

	
1.000

	
0.883




	

	
−

	
122 (38.2)

	
121 (43.1)

	

	
16 (50)

	
25 (37.9)

	
22 (39.3)

	

	

	

	

	

	




	
2DL2

	
+

	
202 (63.3)

	
149 (53.0)

	
0.013 a

	
14 (43.8)

	
34 (51.5)

	
29 (51.8)

	
0.523

	
0.512

	
1.000

	
0.036 b

	
0.095

	
0.104




	

	
−

	
117 (36.7)

	
132 (47)

	

	
18 (56.3)

	
32 (48.5)

	
27 (48.2)

	

	

	

	

	

	




	
2DL3

	
+

	
279 (87.5)

	
249 (88.6)

	
0.707

	
26 (81.3)

	
61 (92.4)

	
51 (91.1)

	
0.169

	
0.198

	
1.000

	
0.406

	
0.299

	
0.655




	

	
−

	
40 (12.5)

	
32 (11.4)

	

	
6 (18.8)

	
5 (7.6)

	
5 (8.9)

	

	

	

	

	

	




	
2DL5

	
+

	
170 (53.3)

	
158 (56.2)

	
0.511

	
18 (56.3)

	
36 (54.5)

	
30 (53.6)

	
1.000

	
0.828

	
1.000

	
0.853

	
0.893

	
1.000




	

	
−

	
149 (46.7)

	
123 (43.8)

	

	
14 (43.8)

	
30 (45.5)

	
26 (46.4)

	

	

	

	

	

	




	
3DL1

	
+

	
304 (95.3)

	
268 (95.4)

	
1.000

	
28 (87.5)

	
63 (95.5)

	
52 (92.9)

	
0.211

	
0.455

	
0.702

	
0.083

	
1.000

	
0.504




	

	
−

	
15 (4.7)

	
13 (4.6)

	

	
4 (12.5)

	
3 (4.5)

	
4 (7.1)

	

	

	

	

	

	








P, presence; A, absence; N, total number of individuals; n, number of individuals with the presence or absence of a KIR gene. A two-tailed Fisher’s exact test was used for comparisons. P1, p value obtained by comparing total AC patients with controls; P2, p value obtained by comparing AC patients with grade I and II ascites; P3, p value obtained by comparing AC patients with grade I and III ascites; P4, p value obtained by comparing AC patients with grade II and III ascites; P5, P6, and P7, p value obtained by comparing controls with grade I, grade II, and grade III ascites, respectively. a OR = 0.654; 95% CI: 0.472–0.906, p = 0.013. b OR = 0.450; 95% CI: 0.216–0.939, p = 0.036. * Housekeeping genes and pseudogenes are not included. Data obtained from [32].













 





Table 6. Frequency of aKIR genes in AC patients with different degrees of ascites compared to controls.






Table 6. Frequency of aKIR genes in AC patients with different degrees of ascites compared to controls.





	

	

	

	
Male AC Patients

	

	

	

	

	

	




	

	

	

	

	
Grade of Ascites

	

	

	

	

	

	




	

	

	
Controls

N = 319

	
Total Patients

N = 281

	

	
Grade I

N = 32

	
Grade II

N = 66

	
Grade III

N = 56

	

	

	

	

	

	




	
KIR Gene *

	
P/A

	
n (%)

	
n (%)

	
P1

	
n (%)

	
n (%)

	
n (%)

	
P2

	
P3

	
P4

	
P5

	
P6

	
P7




	
aKIRs

	

	

	

	

	

	

	

	

	

	

	

	

	






	
2DS1 (L1+)

	
+

	
119 (37.3)

	
119 (42.3)

	
0.211

	
15 (46.9)

	
25 (37.9)

	
21 (37.5)

	
0.511

	
0.500

	
1.000

	
0.341

	
1.000

	
1.000




	

	
−

	
200 (62.7)

	
162 (57.7)

	

	
17 (53.1)

	
41 (62.1)

	
35 (62.5)

	

	

	

	

	

	




	
2DS2 (L2+)

	
+

	
201 (63.0)

	
146 (52.0)

	
0.006 a

	
14 (43.8)

	
34 (51.5)

	
28 (50)

	
0.523

	
0.659

	
1.000

	
0.037 c

	
0.096

	
0.075




	

	
−

	
118 (37.0)

	
135 (48)

	

	
18 (56.3)

	
32 (48.5)

	
28 (50)

	

	

	

	

	

	




	
2DS3

	
+

	
107 (33.5)

	
93 (33.1)

	
0.931

	
14 (43.8)

	
18 (27.3)

	
17 (30.4)

	
0.114

	
0.249

	
0.841

	
0.249

	
0.387

	
0.758




	

	
−

	
212 (66.5)

	
188 (66.9)

	

	
18 (56.3)

	
48 (72.7)

	
39 (69.6)

	

	

	

	

	

	




	
2DS4

	
+

	
305 (95.6)

	
266 (94.7)

	
0.704

	
28 (87.5)

	
63 (95.5)

	
52 (92.9)

	
0.211

	
0.455

	
0.702

	
0.070

	
1.000

	
0.325




	

	
−

	
14 (4.4)

	
15 (5.3)

	

	
4 (12.5)

	
3 (4.5)

	
4 (7.1)

	

	

	

	

	

	




	
2DS5

	
+

	
86 (27.0)

	
99 (35.2)

	
0.033 b

	
10 (31.3)

	
23 (34.8)

	
17 (30.4)

	
0.821

	
1.000

	
0.700

	
0.678

	
0.230

	
0.627




	

	
−

	
233 (73.0)

	
182 (64.8)

	

	
22 (68.8)

	
43 (65.2)

	
39 (69.6)

	

	

	

	

	

	




	
3DS1

	
+

	
129 (40.4)

	
132 (47.0)

	
0.117

	
16 (50)

	
29 (43.9)

	
24 (42.9)

	
0.667

	
0.657

	
1.000

	
0.347

	
0.680

	
0.769




	

	
−

	
190 (59.6)

	
149 (53.0)

	

	
16 (50)

	
37 (56.1)

	
32 (57.1)

	

	

	

	

	

	








P, presence; A, absence; N, total number of individuals; n, number of individuals with the presence or absence of a KIR gene. A two-tailed Fisher’s exact test was used for comparisons. P1, p value obtained by comparing total AC patients with controls; P2, p value obtained by comparing AC patients with grade I and II ascites; P3, p value obtained by comparing AC patients with grade I and III ascites; P4, p value obtained by comparing AC patients with associated grade II and III ascites; P5, P6, and P7, p value was obtained by comparing controls with grade I, II, and III ascites. a OR = 0.635; 95% CI: 0.458–0.880, p = 0.006. b OR = 1.474; 95% CI: 1.041–2.087, p = 0.033. c OR = 2.190; 95% CI: 1.051–4.565, p = 0.037. * Housekeeping genes and pseudogenes were not included.













 





Table 7. Analysis of the frequencies of HLA-C epitopes and genotypes in male AC patients with and without ascites.






Table 7. Analysis of the frequencies of HLA-C epitopes and genotypes in male AC patients with and without ascites.





	

	

	
Male AC Patients

	

	




	

	
Controls

	
Total Patients

	

	
Ascites −

	
Ascites +

	

	

	




	
N = 314

	
N = 272

	

	
N = 113

	
N = 159




	
Epitope

HLA-C

	
n (%)

	
n (%)

	
P1

	
n (%)

	
n (%)

	
P2

	
P3

	
P4






	
C1+

	
266 (84.7)

	
208 (76.5)

	
0.015 a

	
85 (75.2)

	
123 (77.4)

	
0.031 c

	
0.056

	
0.772




	
C1−

	
48 (15.3)

	
64 (23.5)

	

	
28 (24.8)

	
36 (22.6)

	

	

	




	
C2+

	
213 (67.8)

	
190 (69.9)

	
0.655

	
72 (63.7)

	
118 (74.2)

	
0.485

	
0.168

	
0.081




	
C2−

	
101 (32.2)

	
82 (30.1)

	

	
41 (36.3)

	
41 (36.3)

	

	

	




	
Genotype

HLA-C

	

	

	

	

	

	

	

	




	
C1C1

	
101 (32.2)

	
82 (30.1)

	
0.655

	
41 (36.3)

	
41 (25.8)

	
0.485

	
0.168

	
0.081




	
C1C2

	
165 (52.5)

	
126 (46.3)

	
0.137

	
44 (38.9)

	
82 (51.6)

	
0.016 d

	
0.846

	
0.048 f




	
C2C2

	
48 (15.3)

	
64 (23.5)

	
0.015 b

	
28 (24.8)

	
36 (22.6)

	
0.031 e

	
0.056

	
0.772








N, total number of individuals; n, number of individuals with the presence or absence of the HLA-C genotype. Comparisons were made using a two-tailed Fisher’s exact test. P1, p value obtained by comparing total AC patients with controls; P2 and P3, p value obtained by comparing AC patients without and with ascites to controls, respectively; P4, p value obtained by comparing AC patients without and with ascites. a OR = 0.586; 95% CI: 0.387–0.889, p = 0.015. b OR = 1.705; 95% CI: 1.125–2.584, p = 0.015. c OR = 0.548; 95% CI: 0.324–0.927, p = 0.031. d OR = 0.576; 95% CI: 0.372–0.893, p = 0.016. e OR = 1.825; 95% CI: 1.079–3.090, p = 0.031. f OR = 1.670; 95% CI: 1.023–2.725, p = 0.048.













 





Table 8. Analysis of HLA-C epitopes and genotypes in AC patients according to ascites degree.






Table 8. Analysis of HLA-C epitopes and genotypes in AC patients according to ascites degree.





	

	
Grade I

N = 32

	
Grade II

N = 65

	
Grade III

N = 55

	

	

	




	
Epitope

HLA-C

	
n (%)

	
n (%)

	
n (%)

	
P1

	
P2

	
P3






	
C1+

	
23 (71.9)

	
50 (76.9)

	
45 (81.8)

	
0.622

	
0.295

	
0.653




	
C1−

	
9 (28.1)

	
15 (23.1)

	
10 (18.2)

	

	

	




	
C2+

	
23 (71.9)

	
51 (78.5)

	
40 (72.7)

	
0.612

	
1.000

	
0.524




	
C2−

	
9 (28.1)

	
14 (21.5)

	
15 (27.3)

	

	

	




	
Genotype HLA-C

	

	

	

	

	

	




	
C1C1

	
9 (28.1)

	
14 (21.5)

	
15 (27.3)

	
0.612

	
1.000

	
1.000




	
C1C2

	
14 (43.8)

	
36 (55.4)

	
30 (54.5)

	
0.388

	
0.388

	
1.000




	
C2C2

	
9 (28.1)

	
15 (23.1)

	
10 (18.2)

	
0.622

	
0.622

	
0.653








N, total number of individuals; n, number of individuals with the presence or absence of the HLA-C genotype. Comparisons were made using a two-tailed Fisher’s exact test. P1, p value obtained by comparing AC patients with grade I and II ascites; P2, p value obtained by comparing AC patients with grade I and III ascites; P3, p value obtained by comparing AC patients with grade II and III ascites.













 





Table 9. Analysis of KIR genotypes and their HLA-C ligands in controls and AC patients with and without ascites.






Table 9. Analysis of KIR genotypes and their HLA-C ligands in controls and AC patients with and without ascites.





	

	

	
Controls

N = 319

	
Patient

Totals

N = 281

	

	
Ascites −

N = 119

	
Ascites +

N = 213

	

	
Grade I

N = 32

	
Grade II N = 66

	
Grade III

N = 56

	

	

	




	
KIR Genes

	
HLA-I

Ligand

	
n (%)

	
n (%)

	
P1

	
n (%)

	
n (%)

	
P2

	
n (%)

	
n (%)

	
n (%)

	
P3

	
P4

	
P5




	
iKIRs

	

	

	

	

	

	

	

	

	

	

	

	

	






	
KIR2DL1+/S1−

	
C2+

	
221 (67.6)

	
188 (70.1)

	
0.530

	
71 (63.4)

	
117 (75.0)

	
0.043

	
23 (76.7)

	
51 (78.5)

	
40 (72.7)

	
0.105

	
0.144

	
1.000




	
C2−

	
1 (25.0)

	
2 (50.0)

	

	
0 (0)

	
2 (66.7)

	

	
2 (100.0)

	
0 (0)

	
0 (0)

	

	

	




	
KIR2DL2+

	
C1+

	
167 (83.5)

	
109 (76.2)

	
0.099

	
46 (76.7)

	
63 (75.9)

	
1.000

	
9 (64.3)

	
27 (77.1)

	
22 (78.6)

	
0.710

	
0.402

	
0.516




	
C1−

	
15 (12.9)

	
30 (23.3)

	

	
14 (26.4)

	
16 (21.1)

	

	
4 (22.2)

	
8 (25.8)

	
4 (14.8)

	

	

	




	
KIR2DL3+

	
C1+

	
235 (85.1)

	
183 (75.9)

	
0.010 a

	
75 (75.0)

	
108 (76.6)

	
0.879

	
18 (69.2)

	
46 (76.7)

	
41 (80.4)

	
1.000

	
0.317

	
0.497




	
C1−

	
7 (17.5)

	
6 (19.4)

	

	
3 (23.1)

	
3 (16.7)

	

	
1 (16.7)

	
2 (33.3)

	
0 (0)

	

	

	




	
KIR3DL1+

	
Bw4+

	
231 (76.0)

	
201 (75.0)

	
0.846

	
87 (74.4)

	
114 (75.5)

	
0.887

	
21 (75.0)

	
47 (73.4)

	
40 (76.9)

	
0.647

	
0.610

	
1.000




	
Bw4–

	
7 (46.7)

	
7 (53.8)

	

	
0 (0)

	
7 (63.6)

	

	
2 (50.0)

	
3 (100.0)

	
2 (50.0)

	

	

	




	
aKIRs

	

	

	

	

	

	

	

	

	

	

	

	

	




	
KIR2DS1+

	
C2+

	
78 (67.2)

	
81 (70.4)

	
0.670

	
32 (61.5)

	
49 (77.8)

	
0.067

	
10 (66.7)

	
21 (84.0)

	
17 (81.0)

	
1.000

	
0.734

	
0.598




	
C2−

	
64 (32.0)

	
48 (30.6)

	

	
21 (34.4)

	
27 (28.1)

	

	
4 (23.5)

	
10 (24.4)

	
11 (32.4)

	

	

	




	

	
C2+

	
206 (68.0)

	
178 (69.3)

	
0.784

	
70 (64.2)

	
108 (730)

	
0.136

	
19 (67.9)

	
49 (77.8)

	
37 (72.5)

	
1.000

	
1.000

	
0.437




	

	
C2−

	
5 (38.5)

	
3 (20.0)

	

	
2 (50.0)

	
1 (9.1)

	

	
0 (0)

	
0 (0)

	
1 (25.0)

	

	

	




	
KIR2DS4+

	

	

	

	

	

	

	

	

	

	

	

	

	




	

	
C1+

	
257 (84.8)

	
196 (76.3)

	
0.013 b

	
82 (75.2)

	
114 (77.0)

	
0.768

	
20 (71.4)

	
47 (74.6)

	
42 (82.4)

	
0.309

	
1.000

	
0.478




	

	
C1−

	
2 (15.4)

	
3 (20.0)

	

	
1 (25.0)

	
2 (18.2)

	

	
1 (25.0)

	
0 (0)

	
1 (25.0)

	

	

	




	

	
C1+

	
70 (84.3)

	
70 (72.9)

	
0.072

	
31 (70.5)

	
39 (75.0)

	
0.651

	
8 (80.0)

	
17 (70.8)

	
12 (70.6)

	
0.517

	
0.467

	
1.000




	

	
C1−

	
35 (15.0)
