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Abstract
BACKGROUND
Chronic kidney disease is associated with immunological disorders, presented as phenotypic alterations of T lymphocytes. These changes are expected to be restored after a successful renal transplantation; however, additional parameters may contribute to this process.

AIM
To evaluate the impact of positive panel reactive antibodies (PRAs) on the restoration of T cell phenotype, after renal transplantation.

METHODS
CD4CD28null, CD8CD28null, natural killer cells (NKs), and regulatory T cells (Tregs) were estimated by flow cytometry at T0, T3, and T6 which were the time of transplantation, and 3- and 6-mo follow-up, respectively. Changes were estimated regarding the presence or absence of PRAs.

RESULTS
Patients were classified in two groups: PRA(-) (n = 43) and PRA(+) (n = 28) groups. Lymphocyte and their subtypes were similar between the two groups at T0, whereas their percentage was increased at T3 in PRA(-) compared to PRA(+) [23 (10.9-47.9) vs 16.4 (7.5-36.8 μ/L, respectively; P = 0.03]. Lymphocyte changes in PRA(-) patients included a significant increase in CD4 cells (P < 0.0001), CD8 cells (P < 0.0001), and Tregs (P < 0.0001), and a reduction of NKs (P < 0.0001). PRA(+) patients showed an increase in CD4 (P = 0.008) and CD8 (P = 0.0001), and a reduction in NKs (P = 0.07). CD4CD28null and CD8CD28null cells, although initially reduced in both groups, were stabilized thereafter.

CONCLUSION
Our study described important differences in the immune response between PRA(+) and PRA(-) patients with changes in lymphocytes and lymphocyte subpopulations. PRA(+) patients seemed to have a worse immune profile after 6 mo follow-up, regardless of renal function.
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Core Tip: Chronic kidney disease is associated with phenotypic and functional changes in the immune system. This study evaluated the impact of positive panel reactive antibodies (PRAs) on restoration of the T cell phenotype after renal transplantation. Our study described important differences in the immune response between PRA(+) and PRA(-) patients with changes in lymphocytes and lymphocyte subpopulations. PRA(+) patients seemed to have a worse immune profile after 6 mo follow-up, regardless of renal function.

INTRODUCTION
Chronic kidney disease (CKD) is associated with phenotypic and functional changes in the immune system, including both innate and adaptive immunity, causing detrimental clinical consequences. Total lymphopenia is one of the major concerns in CKD, whereas changes in T lymphocytes include both elimination of their population and alterations of their subtypes. Some of these phenotypic and functional changes have been described by investigators[1,2]. We previously showed that CKD, even at the pre-dialysis stage, results in reduced levels of CD4, CD8, and regulatory T cells (Tregs). Furthermore, it affects the expression of CD28 molecule on T lymphocytes, leading to an increased proportion of CD4CD28null and CD8CD28null cells[1,2].
The CD28 molecule constitutes a primary co-stimulatory receptor, which is essential for successful T cell activation, proliferation, and survival. It is mainly expressed on naive T cells in humans, but its expression on memory T cells depends on their differentiation status. Expansion of circulating T lymphocytes lacking the CD28 molecule represents an adaptive mechanism following repeated antigenic stimulation, and has been considered an age-associated immunological alteration[3-7].
Initiation of hemodialysis (HD) cannot restore these structural changes of lymphocytes. Even more, the HD itself, as an extracorporeal circulation, use of dialyzers, may have an additive deleterious effect [1]. Conversely, successful renal transplantation allows patients to stop dialysis and reinstates kidney function. Accordingly, as part of returning to normality, it is also expected to restore patients’ immune profile[8,9].
However, despite the indisputable beneficial effect of renal transplantation on immune status, there may be parameters that affect the outcome of graft function and potentially influence the reestablishment of immunological disorders. Most of these parameters are closely associated with the patient’s immune status at the time of transplantation. Immune status of the CKD patient is determined by phenotypic and functional alterations of lymphocytes due to CKD, and even more interesting for those patients undergoing renal transplantation, by the presence of human leukocyte antigen (HLA) sensitization. HLA sensitization refers to the presence of antibodies in the potential recipient against HLA molecules of the selected donor. While on the waiting list, CKD patients may develop antibodies against HLA antigens as a result of blood transfusions, previous transplantations, or pregnancies[10,11], generally described as panel reactive antibodies (PRAs)[12]. The risk of sensitization increases as there is exposure to more than one sensitizing factor[9,13]. PRA screening is routinely performed in CKD patients before renal transplantation to assess recipients’ exposure and sensitization. PRA titers before kidney transplantation may be used to predict acute rejection and guide the immunosuppressive treatment, including induction treatment. The presence of PRAs is not uncommon, as patients have to wait long for a kidney transplant, and meanwhile, are exposed to blood transfusions or get pregnant[12]. The purpose of this study was to evaluate the effect of positive PRA on restoration of the immunological T cell phenotype following successful renal transplantation.

MATERIALS AND METHODS
Study population
The study was conducted between January 2020 and October 2021 at the Department of Renal Transplantation, Hippokration General Hospital (Thessaloniki, Greece). Seventy-eight kidney transplantations were performed, from which seventy-one fulfilled the criteria and were included in the study. Three of the recipients were adolescents, aged 13, 16, and 17 years; the rest were adults. All participants provided informed consent before their enrollment in the study. The trial was approved by the local ethics committee and followed the general principles of the Declaration of Helsinki (2008 Amendment).

Inclusion criteria: Patients eligible for the study were 13-70-years-old, and had undergone a living or deceased donor kidney transplantation. Regarding the deceased donors, we included only Donation after Brain Death and not Donation after Cardiac Death transplants. All transplantations were ABO-compatible with a negative complement-dependent crossmatch. The patients were followed for 6 mo in the outpatient clinic, and all were treated with the same treatment protocol.

Exclusion criteria: Patients were excluded from the study in case of recent (less than 3 mo) cytomegalovirus (CMV) or bacterial infection; recent malignancy (less than 5 years); or active autoimmune, inflammatory disease, or hematological disorder. Also, patients who had been on immunosuppressive treatment during the last 12 mo prior to kidney transplantation were excluded, as were patients not compliant with the treatment instructions.

Schedule of the study
Each patient receiving a kidney transplantation was assessed for eligibility to be included in the study. For patients who fulfilled the inclusion criteria, as described above, the day of enrollment in the study was the day of transplantation. Blood samples were taken in the morning, before the administration of any immunosuppressive treatment, and used for laboratory and immunological assessments. During the posttransplant period, renal function, medication, and possible side effects were recorded. Following discharge from the hospital, after renal transplantation, all patients were regularly followed up at the outpatient clinic on a monthly basis. Their immune profile was recorded on the day of transplantation (T0), and at the 3- and 6-mo follow-up (T3 and T6, respectively). At the same time intervals, the function of the renal graft was evaluated and the results were correlated with the immunophenotype.
Demographic, clinical data from donors and recipients, HLA mismatches, and cold ischemia time were recorded at T0, and delayed graft function (DGF), acute rejection episodes, infections, and hospitalization time were recorded and analyzed at T3 and T6, 3 and 6 mo after transplantation. All patients received the same immunosuppressive regimen, according to the Immunosuppressive Protocol, including basiliximab or antithymocyte globulin (ATG), steroids, tacrolimus, and multimode fiber. Eleven patients (15.5%) received ATG, reasons to receive ATG were as follows: 4/11 because of retransplant and 7/11 because of the presence of PRA(+). Seven patients had DGF during the first 7 d following transplantation. Basiliximab was used as induction immunosuppression in 84.5% of the patients.

Laboratory measurements
Flow cytometry: T cell subsets were identified using multicolor flow cytometry with standard techniques on the Navios EX flow cytometer (Beckman Coulter, Sykesville, MD, United States). Whole blood samples were drawn from patients at the scheduled time points (T0, T3, and T6), collected in EDTA tubes, and processed for the evaluation of lymphocyte count and their subpopulations. T lymphocyte subsets determined were CD3+CD4+, CD3+CD8+, CD3-CD16+CD56+, CD3+CD4+CD28-, and CD3+CD8+CD28-, using the following monoclonal antibodies: CD3-FITC (clone: UCHT1; Beckman Coulter), CD16 (clone: 3G8; Beckman Coulter), CD56 clone: N901(NKH-1)-PE; Beckman Coulter), CD4-APC (clone: 13B8.2; Beckman Coulter), CD8 PC5.5 (clone: B9.11l Beckman Coulter), CD28-ECD (clone: CD28.2; Beckman Coulter), and CD45-PC7 (clone: J33; Beckman Coulter). Peripheral blood mononuclear cells were obtained by Ficoll density gradient centrifugation. Immunophenotyping of Tregs was performed with the combination of the following monoclonal antibodies: CD45-PC7 (clone: J33; Beckman Coulter), CD4-FITC (clone: 13B8.2; Beckman Coulter), CD25-PC5 (clone: B1.49.9; Beckman Coulter), and FOXP3-PE (clone: 259D; Beckman Coulter).

Statistics
Statistical analyses were performed using the Statistical Package for Social Sciences for Windows, version 27.0 (SPSS Inc., Chicago, IL, United States). The Shapiro-Wilk or Kolmogorov-Smirnov test was applied to examine the normality of distribution for continuous variables. For all comparisons, P < 0.05 was considered statistically significant. Mean ± SD and medians and interquartile range were used to describe data from normally distributed and non-parametric variables, respectively. Similarly, the student’s t-test for non-paired and paired variables, and Mann-Whitney U test and Wilcoxon signed-rank test were respectively performed to compare differences between groups. To investigate the change in subpopulations among T0, T3, and T6, repeated measures analysis of variance (ANOVA) for parametric variables or Friedman’s ANOVA for non-parametric variables was used.

RESULTS
Seventy-one recipients of a kidney transplant were included in the study. Characteristics of patients are depicted in Table 1.

Differences between PRA(-) and PRA(+) patients
Differences in clinical and laboratory findings: Of the study population, 43 patients had negative PRA, and were classified as PRA(-), whereas 28 had positive PRA, and were classified as PRA(+). There were no differences between the two groups in terms of age, sex, and time on HD, [defined as HD vintage (HDV)]. Also, no differences were found between the two groups in the proportion of patients who underwent preemptive transplantation, had an episode of acute rejection or were administered ATG, as well as in those who had DGF (Table 2).
No significant differences in lymphocyte numbers and T lymphocyte subpopulations were noticed between PRA(-) and PRA(+) patients at the time of transplantation. An increase in percentage of CD4CD28null and CD8CD28null cell within PRA(+) patients did not reach statistical difference (Table 3).

Correlations of immunological parameters at time point T0 
In the whole cohort of patients, age was significantly correlated with the percentage of CD4CD28null (r = 0.3, P = 0.03), percentage and number of CD8CD28null (r = 0.4, P < 0.001 and r = 0.3, P = 0.03, respectively) and percentage of ΝΚ cells (r = 0.3, P = 0.02). HDV had a negative correlation with total lymphocyte number (r = -0.3, P = 0.04), CD4+ lymphocytes (r = -0.3, P = 0.01), and Tregs (r = -0.4, P = 0.006). Patients who underwent preemptive kidney transplantation had a better immune profile than patients already enrolled in HD or continuous ambulatory peritoneal dialysis. In these patients, a significantly increased percentage and number of lymphocytes was observed, 27.9 (14%-37.7%) vs 18 (6.4%-40%) P = 0.03, and 1705 (100-2800) vs 1200 (700-2700) cells/μL, P = 0.03, respectively. Reduction in the percentage of CD4CD28null, 1.7 (0.4%-2.9%) vs 6.7 (0%-33.7%), P = 0.04 and CD8CD28null, [14.9 (6.1%-22.1%) vs 39.7 (114%-91%), P = 0.002, 207 (85-266) vs 477 (105-1131), P = 0.002] were also noticed as well as a significant increase in Tregs, affecting both percentage, 5.6 (1.7%-8.3%) vs 3.9 (0.1%-11.5%) P = 0.05, and total number of Tregs, 32.1 (24-47) cells/μL vs 18.9 (0.5-74) cells/μL, P = 0.006.

Differences in the outcome of subpopulations depending on the existence of PRA
Changes in lymphocytes and their subpopulations following renal transplantation are depicted in Tables 4 and 5, for PRA(-) and PRA(+) patients, respectively. In both groups, PRA(-) and PRA(+), the percentage and total number of lymphocytes were increased. However, the response of lymphocyte changes was earlier and stronger in PRA(-) patients, as their percentage raised from T0 to T3, mean rank 15.35 to 20.98, P = 0.002, compared to 10.2 and 13.9, P = NS in PRA(+). This prompt response resulted in a significant increase in the number of total lymphocytes, in PRA(-), during the period T0 to T3, mean rank 10.57 to 20.41, P < 0.0001.
Although at time point T0, there was no significant difference in the percentage or total number of lymphocytes between the two groups of patients, at T3, PRA(-) had significantly increased percentage of lymphocytes, compared to PRA(+), 23 (10.9-47.9) vs 16.4 (7.5-36.8) μ/L, respectively, P = 0.03. At time T6, although there was still a superiority in PRA(-) patients the difference did not reach statistical significance, P = 0.06.

Changes in CD4(+) and CD8(+) cells and CD4CD28null and CD8CD28null subtypes
Both CD4 and CD8 cells were significantly increased in the two groups of patients, from T0 to T3. Figure 1 depicts changes of total lymphocytes, and also, in CD4 and CD8 cells after transplantation in PRA(-) and PRA(+) patients. There was a definite increase and gradual increase of total lymphocytes, together with CD4 and CD8 cells, from T0 towards T6 in both groups of patients, with changes in all three cell types being statistically significant even during the first 3 mo following transplantation.
Regarding CD4CD28null cells, although there was a significant reduction in the percentage of CD4CD28null subtypes from T0 to T3, in both PRA(-) and PRA(+) patients, P = 0.04 and 0.01, respectively, population of cells and their percentage were stabilized thereafter, until T6, leading to no significant changes in these cell types during follow up, regardless of the presence of PRA. The results are descried in Tables 3 and 4 and depicted at Figure 2. On the other hand, there was a marked reduction in CD8CD28null cells, both percentage and numbers only in PRA(-) patients, from T0 to T3, P = 0.03, and from T3 to T6, P = 0.02. Such changes were not evident in PRA(+) patients, in contrast there was a significant increase in these cells during the first 3 mo (from T0 to T3).

Changes in NK cells and Tregs
In PRA(-) there was a significant reduction in the percentage of NKs after renal transplantation, from T0 to T3 and from T3 to T6, P < 0.0001 and P = 0.006, respectively, and this was accompanied by significant elimination in the number of NK cells, (P = 0.002 and P = 0.005, respectively) in Figure 2. In contrast, within PRA(+) patients, the only significant changes were reported in the percentage of NK cells, during the time period, from T0 to T3, P = 0.001.
Similar differences were noticed between the two groups of patients regarding Tregs. The percentage of Tregs was increased only in PRA(-) patients, and this alteration was restricted only in the time period 3 to 6 mo, from T3 to T6, P = 0.02. Regulatory T cell population, however, was increased significantly in the same group, from T0 to T3, P = 0.01 and from T3 to T6, P = 0.003, while these cells showed no difference in PRA(+) patients from T0 to T3, and only mild restoration fromT3 to T6 (Figure 3).

DISCUSSION
The presence of high PRA levels, as a consequence of previous exposure to foreign HLAs[13], represents an increased possibility of preformed DSA occurrence, which is associated with the highest likelihood of graft loss[9,14]. Sensitization leads to the production of antibodies against HLA class I and HLA class II antigens, and activates different cell subpopulations, inducing immune response and possible rejection. The presence of HLA antibodies in the early term of transplantation may be more harmful to allografts, as they are associated with a higher incidence of acute rejection compared to patients who may develop antibodies later[12].
In this study, we evaluated the effect of PRA on the alterations of total lymphocytes and their subpopulations, following successful renal transplantation. For this reason, patients undergoing renal transplantation were divided in two groups, PRA(+) and PRA(-), according to the presence or absence of PRA at time of transplantation. All patients were followed prospectively for 6 mo at the Renal Transplant Outpatient clinic, and their renal function, medication, and clinical and laboratory parameters were assessed every month. Likewise, total lymphocytes, CD4, CD8, their subsets, CD4CD28null and CD 8CD28null, natural killer (NK) cells and Tregs were estimated by flow cytometry at the time of transplantation, and the 3- and 6-mo follow-up.
Although lymphocyte number was significantly and rapidly increased very early during follow-up, there were important differences in the immune response between PRA(-) and PRA(+) patients. The percentage and total number of lymphocytes were significantly improved during the first 3 mo in PRA(-) patients after transplantation. By contrast, the former showed a delayed and weak response in PRA(+) patients. Also, changes in lymphocyte subpopulations showed differences between the two groups. PRA(+) patients were characterized by a shift towards the CD8+ cell population, while in PRA(-) patients, CD4+ cells predominated during follow-up. As the presence of PRA was not associated with sex, age, time on HD, or impaired renal function, we anticipated that differences in T lymphocytes between PRA(-) and PRA(+) patients could not be attributed to other parameters such as HDV or renal function impairment, but rather were directly connected to the effect of PRA.
Interestingly, the expression of CD28 antigen on both CD4 and CD8 cells was not substantially affected by transplantation. CD28 loss is related to normal aging, but is also a consequence of chronic autoimmune and inflammatory diseases[15-19], while recently, CD28 elimination has been described in patients with CKD. The reduction of this receptor in CKD patients has been attributed to uremia, chronic inflammation, oxidative stress, CMV infection, and chronic dialysis[1,17-20].
We found that the percentage of CD4CD28null cells showed a reduction in both groups during the first 3 mo, yet they were subsequently stabilized until the end of follow-up. Regarding CD8CD28null cells, the beneficial effect was proven only in PRA(-) and not in PRA(+) patients, in whom there was a significant increase after the 3rd mo posttransplantation. This is in accordance with previous studies, which showed that CD28 antigen was significantly eliminated in both CD4 and CD8 cells after renal transplantation[21]. In a recent study, lymphocytes from renal transplant patients, who were followed for up to 5 years posttransplant, showed a tendency towards senescent phenotype, including a gradual increase in CD4CD28null and CD8CD28null cells. These findings indicate that despite restoring renal function with a successful renal transplantation, immune phenotype cannot be completely retained. Apparently, immunosuppression and steroid administration have a crucial role in this phenomenon, and this has been proved by the alterations in T cell phenotypes, after the withdrawal of steroids[22].
CD4+CD28null T cells are differentiated from classic T helper cells and share many features of cytotoxic CD8+ T cells and NK cells. They express a cytotoxic profile by producing proinflammatory cytokines, such as interferon gamma (IFN-γ), tumor necrosis factor alpha, and cytotoxic molecules[18,23,24]. CD28null T cells are considered terminally differentiated senescent cells, with shortened telomeres and great ability of cytotoxicity[19]. Thus, any alloreactivity of these cells may be detrimental for the transplant[20]. The gradual disappearance of CD28 following transplantation is controversial, with some investigators showing that loss of CD28 on CD4 T cells promotes immunosuppression resistance and allograft rejection[25,26], while others showing that loss of CD28 on T cells is related to immunosuppressive activity[17], leading to allograft tolerance and stabilization and is also associated with a lower frequency of late rejection and graft loss[27-29]. The role of PRA in CD28 expression seems crucial; however, there is a shortage of related information in the literature. The presence of anti-HLA antibodies may simply reflect the activation of adaptive immunity; however, they can induce endothelial damage, leading to de novo expression of endothelial neoantigens and vascular remodeling, as well as immune activation and chronic inflammation[30]. Therefore, the indirect effects of PRAs on the persistence of lymphocytes with cytotoxic activity may explain the increased levels of CD28null cells, but also their correlation with NK cells and regulatory T cells.
Changes in NK cells after transplant were more prominent. In both groups of patients, the percentage of NK cells was rapidly reduced during the first 3 mo, but only in PRA(-) patients was a reduction in the percentage of cells followed by the elimination of NK cell absolute numbers. NK cells play a crucial role in antibody-mediated rejection as occurs by the presence of HLA-DSAs[31-33]. NK cells are a source of IFN-γ production and they stimulate the T helper type 1 immune response. A direct interaction of NK cells with CD4+ T lymphocytes[34] increases their reactivity, which may motivate the mechanisms of acute rejection[33].
Most investigators support a mutual antagonism between NK and Treg cells[35]. Tregs seem to play major role in the long-term outcome of renal transplantation, as their population in the 6th and 12th mo posttransplantation was found to maintain immune tolerance in transplantation and is associated with better long-term graft survival[28,36-38], and some investigators have proven a time-dependent reduction of Tregs after kidney transplantation as a result of immunosuppressive treatment[28]. In our study, Tregs were almost spontaneously increased in PRA(-) patients during the first 3 mo of follow up, and continued to improve thereafter until the end of follow-up; by contrast, they showed only a delayed increase in PRA(+) patients.

CONCLUSION
In conclusion, this study demonstrated that T cell reinstatement following renal transplantation was closely affected by the presence of PRAs. Although lymphocyte population increased early after transplant, this beneficial effect did not involve all subpopulations. NK cells were reduced in both groups, Tregs were increased, but only in PRA(-) patients, whereas CD28null cells were not significantly restored regardless of the presence of PRAs.

ARTICLE HIGHLIGHTS
Research background
It is essential to try to both understand and evaluate the effect of panel reactive antibodies (PRAs) on T cell immunity reinstatement, which follows renal transplantation. The potential association between subset changes and posttransplant graft function should be studied further.

Research motivation
This study demonstrated that T cell reinstatement following renal transplantation was closely affected by the presence of PRAs. Although the lymphocyte population increased early after kidney transplantation, this beneficial effect did not involve all subpopulations. Natural killer (NK) cells are reduced in both groups, regulatory T cells (Tregs) were increased, but only in PRA(-) patients, whereas CD28null cells were not significantly restored regardless of the presence of PRAs.

Research objectives
[bookmark: _Hlk112407326]Patients were classified into two groups: PRA(-) (n = 43) and PRA(+) (n = 28). Patients who underwent preemptive kidney transplantation had a better immune profile than those already enrolled in hemodialysis or continuous ambulatory peritoneal dialysis.

Research methods
Flow cytometry analysis was performed in 71 recipients of kidney transplantation at the time of transplantation, and at 3 and 6 mo after transplantation to estimate CD4CD28null, CD8CD28null, NK, and Treg cells.

Research results
The impact of positive PRA on the restoration of T cell phenotype after renal transplantation was evaluated.

Research conclusions
Given the fact that PRA screening is a widely used test performed routinely in patients with chronic kidney disease (CKD) before renal transplantation to assess recipients’ exposure and sensitization, we believe it is essential to try to both understand and carefully evaluate the effect of PRA on T cell immunity reinstatement, which follows renal transplantation.

Research perspectives
CKD is associated with phenotypic and functional changes in the immune system, including both innate and adaptive immunity, with detrimental clinical consequences. A successful renal transplantation will allow patients to stop dialysis and reinstates kidney function. Accordingly, as part of returning to normality, it is also expected to restore patients’ immune profile.
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Figure Legends
[image: ]
[bookmark: _Hlk112410537]Figure 1 Sequential changes. A: Total lymphocyte populations; B: CD4 cells; C: CD8 cells. Differences between panel reactive antibody (PRA)(-) and PRA(+) patients. aP < 0.001 vs T0; bP = 0.003 vs T0; cP < 0.001 vs T0; dP = 0.006 vs T0; eP < 0.001 vs T0; fP = 0.003 vs T0; gP = 0.03 vs T0.
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[bookmark: _Hlk112410629]Figure 2 Changes in the number of CD4CD28null and CD8CD28null cells during follow up in panel reactive antibody patients. A: CD4CD28null cells; B: CD8CD28null cells.
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Figure 3 Changes in natural killer cells and regulatory T cells during follow-up in panel reactive antibody (-) and panel reactive antibody (+) patients. A: Natural killer cells; B: Regulatory T cells. aP = 0.002 vs T0; bP = 0.005 vs T3; cP = 0.01 vs T0; dP = 0.003 vs T3; eP = 0.04 vs T3. PRA: Panel reactive antibody. 

Table 1 Clinical and demographic characteristics of kidney transplant recipients
	Characteristics
	

	Age in yr, median (range)
	46 (13-70)

	Male/female
	49/22

	Living kidney donor
	22.5%

	Deceased kidney donor
	77.5%

	Previous kidney transplant
	7.0%

	Preemptive transplantation
	4.2%

	PRA(-)
	60.5%

	Early rejection, within first 6 mo after KT
	4.2%

	Induction therapy
	

	Basiliximab
	84.5%

	ATG
	15.5%

	Maintenance immune suppression
	

	Tacrolimus/mycophenolate/prednisone
	100.0%

	Other
	0.0%

	Distribution of underlying kidney disease
	

	Polycystic kidney disease
	22.5%

	Primary glomerulopathies
	21.1%

	Reflux nephropathy
	12.6%

	Diabetes mellitus
	4.2%

	Nephrosclerosis/hypertension
	4.2%

	Urinary tract infections/ stones
	3.7%

	Other
	16.2%

	Unknown
	15.5%


[bookmark: _Hlk112415824]ATG: Antithymocyte globulin; KT: Kidney transplant; PRA: Panel reactive antibody.

Table 2 Differences between panel reactive antibodies (-) and (+) patients
	Parameter
	T0 (at renal transplantation)

	
	PRA(-)
	PRA(+)
	P value

	Age in yr
	45 (13-65)
	47 (14-70)
	NS

	HDV in mo
	82.5 (0-251)
	112 (0-165)
	NS

	Time of cold ischemia in h
	18 (0-30)
	16.5 (0-30.5)
	NS

	Pre-emptive RT, %
	6 (13.6)
	1 (3.6)
	NS

	Acute rejection episode, %
	2 (4.5)
	1 (3.6)
	NS

	ATG administration, %
	5 (11.4)
	7 (25)
	NS

	DGF, %
	7 (15.9)
	4 (14.3)
	NS


ATG: Antithymocyte globulin; DGF: Delayed graft function; HDV: Hemodialysis vintage; PRA: Panel reactive antibody; RT: Renal transplantation.

Table 3 Lymphocyte numbers and subpopulations in panel reactive antibodies (-) and (+) patients at time of transplantation (T0)
	Parameter
	T0, at renal transplantation

	
	All patients
	PRA(-)
	PRA(+)

	n
	71
	43
	28

	Lymphocyte %
	18.1 (6.4-40)
	18.8 (6.4-38.4)
	17.8 (11.2-40)

	Lymphocyte, cells/μL
	1200 (700-2800)
	1200 (700-2800)
	1100 (700-2600)

	CD4+ %
	42.0 (20.6-68.6)
	44.4 (20.6-68.6)
	41.5 (25.3-59.5)

	CD4+, cells/μL
	515 (206-1453.2)
	557 (206-1453.2)
	435 (253-1362.4)

	CD8+ %
	24.55 (10.5-53.1)
	25.1 (12,2-37.7)
	23.4 (10.5-53.1)

	CD8+, cells/μL
	301.5 (91.7-665.6)
	301.5 (102.9-641.7)
	294.9 (91.7-665.6)

	CD4+/CD8+
	1.7 (0.6-5.6)
	1.5 (0.9-5.6)
	2 (0.6-5)

	CD4+CD28- %
	5.4 (0.0-33.7)
	4.8 (0.2-33.7)
	7.2 (0-32.1)

	CD4+CD28-, cells/μL
	26.9 (0.0-206)
	26.7 (0-160)
	27.3 (0-206)

	CD8+CD28- %
	38.6 (6.1-91.5)
	38.3 (6.1-68.2)
	48.4 (15.1-91.5)

	CD8+CD28-, cells/μL
	121.5 (13-583)
	113.6 (17-315)
	122 (13-583)

	CD16/56 %
	18 (3.6-50.6)
	17.7 (3.6-50.6)
	18.4 (4.4-34.2)

	CD16/56, cells/μL
	198.1 (50.4-750.5)
	210 (50.4-750.5)
	190.4 (94.8-393.6)

	Tregs %, on CD4
	4 (0.1-11.5)
	3.9 (0.1-11.5)
	4.2 (1.5-7.3)

	Tregs, cells/μL
	20 (0.52-74.38)
	20.2 (0.5-74.3)
	18.9 (5.8-73.5)


PRA: Panel reactive antibody; Tregs: Regulatory T cells.

Table 4 Changes in T lymphocyte subpopulations at T0, T3, and T6 time points in patients with panel reactive antibodies (-)
	Parameter
	T0
	T3 
	T6
	P value

	Lymphocyte %
	18.8 (6.4-38.4)
	23 (10.9-47.9)
	25.4 (8.4-52)
	0.001

	Lymphocyte, cells/μL
	1200 (700-2800)
	1650 (700-4100)
	1900 (800-3700)
	< 0.0001

	CD4+ %
	44.4 (20.6-68.6)
	49.8 (22.7-77.1)
	49.1 (16.2-71.4)
	0.004

	CD4+, cells/μL
	557 (206-1453.2)
	782 (261.8-1951.6)
	872 (330-2001.6)
	< 0.0001

	CD8+ % 
	25.1 (12.2-37.7)
	26.9 (12.4-50.1)
	27.4 (13.3-49)
	NS

	CD8+, cells/μL
	301.5 (102.9-641.7)
	456.3 (148.6-1402.8)
	514.5 (189.2-1397.8)
	< 0.0001

	CD4CD28null%
	4.8 (0.2-33.7)
	2.8 (0-21.1)
	2.7 (0.1-36.4)
	NS

	CD4CD28null, cells/μL
	26.7 (0.9-149)
	27.5 (0-160)
	26.5 (09-241)
	NS

	CD8CD28null %
	38.3 (6.1-68.2)
	28.4 (8.3-80.5)
	32.8 (6.7-90.7)
	NS

	CD8CD28null, cells/μL
	113.6 (17-315)
	112.6 (28-1129)
	158 (18-1267)
	NS

	CD16/56 %
	17.7 (3.6-50.6)
	6.6 (1.9-24.2)
	9.3 (2.9-28.6)
	< 0.0001

	CD16/56, cells/μL
	210 (50.4-750.5)
	121.6 (33-622.2)
	151.2 (44-774.4)
	< 0.0001

	Tregs %, on CD4
	3.9 (0.1-11.5)
	3.3 (0.9-6.8)
	4.1 (1.4-8.8)
	NS

	Tregs, cells/μL
	20.2 (0.5-74.3)
	29.4 (7.5-122.9)
	38.4 (8-104)
	< 0.0001


Tregs: Regulatory T cells.

Table 5 Changes in T lymphocyte subpopulations at T0, T3, and T6 time points in patients with panel reactive antibodies (+)
	[bookmark: _Hlk99200893]Parameter
	T0
	T3
	T6
	P value

	Lymphocyte %
	17.8 (11.2-40)
	16.4 (7.5-36.8)
	20.9 (12.2-36.4)
	0.07

	Lymphocyte, cells/μL
	1100 (700-2600)
	1300 (700-3600)
	1700 (525-3200)
	0.009

	CD4+ %
	41.5 (25.3-59.5)
	42.3 (29.2-65.3)
	46.5 (27.4-62)
	NS

	CD4+, cells/μL
	435 (253-1362.4)
	548.9 (292-1371.3)
	744 (220-1888)
	0.008

	CD8+ %
	23.4 (10.5-53.1)
	27.4 (10.3-53.6)
	29.9 (11.6-56.2)
	0.005

	CD8+, cells/μL
	294.9 (91.7-665.6)
	408 (123.6-1234.8)
	504.9 (114.4-955.4)
	< 0.0001

	CD4CD28null %
	7.2 (0-32.1)
	5.3 (0.2-24.8)
	4 (0.1-28.6)
	NS

	CD4CD28null, cells/μL
	27.3 (0-206)
	22.8 (1.5-234)
	24.2 (1.3-244)
	NS

	CD8CD28null %
	48.4 (15.1-91.5)
	47.1 (10.7-82.1)
	36.5 (7.7-82)
	NS

	CD8CD28null, cells/μL
	122.2 (13-583)
	200 (19-547)
	160 (22-726)
	NS

	CD16/56 %
	18.4 (4.4-34.2)
	11.4 (2.9-26)
	7.9 (3-24.6)
	< 0.0001

	CD16/56, cells/μL
	190.4 (94.8-393.6)
	157.5 (34.8-450)
	135.7 (23.76-385.7)
	0.07

	Tregs %, on CD4
	4.2 (1.5-7.3)
	3.3 (1.2-6.8)
	4.4 (1.4-8.6)
	NS

	Tregs, cells/μL
	18.9 (5.8-73.5)
	20.9 (7.4-65.8)
	26.7 (8.5-103.8)
	NS


Tregs: Regulatory T cells.
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