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Abstract: Background: Chronic kidney disease (CKD) patients often experience dysreg-
ulated inflammation, particularly when compounded by comorbidities such as type 2
diabetes (T2D). Objective: The aim of this study was to determine whether T2D influ-
ences the profile of memory T lymphocytes, regulatory T cells (Tregs), and the gene
expression of transcription factors such as T-bet (Tbx21), GATA3, RORyT (RORC), and
FOXP3 in CKD patients. Methods: Twenty-two CKD patients undergoing hemodialysis
were selected for the study. Flow cytometry was used to identify naïve T cells, Tregs
(CD4+CD25+CD127-), central memory T lymphocytes (CCR7+CD45RA-), effector memory
T lymphocytes (CCR7-CD45RA-), and TEMRA cells (CCR7-CD45RA+). The expression of
helper
T cell differentiation regulatory genes was assessed using real-time RT-PCR. Results: Both
helper and cytotoxic effector memory T cell populations were found to be higher than naïve
lymphocytes in CKD patients, regardless of T2D status. However, Tregs were significantly
more frequent in diabetic CKD patients (5.1 ± 2.6%) compared to non-diabetic patients
(2.8 ± 3.1%). In terms of transcription factor expression, a significant correlation was
observed between T-bet and FOXP3 in diabetic patients, and between RORyT and FOXP3
in non-diabetic patients. Conclusions: While T2D does not notably alter the distribution of
memory T cells in CKD patients, it significantly impacts the frequency of Tregs and their
correlation with pro-inflammatory transcription factors like T-bet (Tbx21) and RORyT.
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1. Introduction
Over one million deaths occur worldwide each year due to chronic kidney disease

(CKD) [1]. The prevalence of CKD is rising and affects approximately 15% of the elderly
population [2]. CKD patients often present with comorbidities, particularly type 2 diabetes
(T2D), which contribute to additional complications such as retinopathy, cardiovascular
diseases, and lower limb amputation [3]. Globally, T2D affects 7.2% to 11.3% of the
population [4]. Beyond health implications, T2D-related complications account for more
than 80% of CKD treatment costs [5], making this a significant public health challenge [6].

The role of the immune system in disease progression has garnered considerable
attention, especially due to the success of immunotherapy [7]. Differentiation of helper
T cells (Th) into Th1, Th2, Th17, and regulatory T cells (Tregs) plays a crucial role in the
progression of various diseases, including cancer, metabolic disorders, and autoimmune
conditions [8]. These T cells are regulated by master transcription factors such as T-bet,
GATA3, RORγT, and FOXP3, respectively [9]. T-bet (encoded by the Tbx21 gene) and GATA3
are polarizing transcription factors that induce cross-regulation [10]. Th1 cells are pivotal
in defending against intracellular pathogens and regulating IFNγ production [11], while
Th2 cells are crucial for defending against helminth infections and allergens [12]. RORγT
promotes the differentiation of thymocytes into Th17 cells, which secrete pro-inflammatory
cytokines [13]. FOXP3, a marker of anti-inflammatory Treg cells, plays a key role in the
immune response contraction and is relevant in autoimmunity control, cancer progression,
and transplant tolerance [14].

Characterizing Th subpopulations and cytotoxic CD8+ T cells can provide insights
into the immune system’s role in CKD. Previous studies have shown a significant reduction
in naïve and central memory T cells (TCM) in patients with terminal CKD, while effector
memory T cells (TEM) remained unchanged [15]. Additionally, both healthy aging and
CKD lead to a similar reduction in naïve versus memory T cells, but Treg percentages are
lower in CKD patients [16]. In diabetic nephropathy (DN), an increased frequency of Th1
and Th17 cells has been observed, along with a reduction in Treg and Th2 cells, suggesting
that the Th17/Treg ratio may serve as an indicator of the immune microenvironment in
DN [17,18]. The accumulation of senescent cells in T2D patients has been associated with
an increased susceptibility to infections, impaired wound healing, and disrupted leukocyte
migration [19]. Rattik et al. (2018) found that T2D patients with cardiovascular disease had
an increased number of TEM cells producing IFN-γ [20].

The early stages of kidney function loss are often asymptomatic, making it essential
to identify diagnostic and prognostic biomarkers for early detection and to assess the risk
for dialysis or kidney transplant [21–23]. While previous research has confirmed the role
of T cell differentiation bias in inflammatory diseases like CKD [15,17], this study offers a
detailed analysis of T cell subtypes and Th differentiation bias in the context of T2D, a key
comorbidity in Peruvian CKD patients.

2. Materials and Methods
2.1. Study Design

This observational, proof-of-concept, cross-sectional, and descriptive study evalu-
ated CKD patients, with or without T2D, undergoing hemodialysis (HD) at a Peruvian
nephrology center (CENESA). Patients with hematological, oncological, or autoimmune
diseases, as well as those with a diagnosis or suspicion of type 1 diabetes or preg-
nancy, were excluded. Eleven CKD patients with T2D and eleven without T2D were
included. Clinical and demographic data, such as gender, age, etiology, uremia, HD du-
ration, body mass index, vascular access type, comorbidities, and blood counts, were
obtained from the patients’ medical histories and anonymized. The study was approved
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by the Ethics Committee of the Faculty of Human Medicine at the University of San Mar-
tin de Porres (approval number: 917 2019-CIEI-FMII-USMP). All participants provided
informed consent.

2.2. Isolation of Peripheral Blood Mononuclear Cells (PBMCs)

Blood samples collected in EDTA tubes were diluted 1:2 in phosphate-buffered saline
(PBS). Viable PBMCs were isolated using Ficoll’s density gradient (Histopaque®-1077,
Sigma-Aldrich, St. Louis and Burlington, MA, USA) by centrifugation. The cells were
washed twice with PBS and resuspended in 200 µL of PBS.

2.3. Flow Cytometry

First, 1–2 × 106 PBMCs were resuspended in 200 µL of 1X FACS solution (cata-
log number 349202, BD FACSTM). To detect memory T cells, PBMCs were stained with
FITC-conjugated anti-CCR7 (catalog number 353215, Biolegend®, San Diego, CA, USA),
PE-conjugated anti-CD45RA (catalog number 304107, Biolegend®, San Diego, CA, USA),
PercP Cy5.5-conjugated anti-CD8 (catalog number 344709, Biolegend®, San Diego, CA,
USA), PECy7-conjugated anti-CD3 (catalog number 317334, Biolegend®, San Diego, CA,
USA), and APC-conjugated anti-CD4 (catalog number 357407, Biolegend®, San Diego, CA,
USA). For Tregs, PBMCs were stained with FITC-conjugated anti-CD4 (catalog number
317407, Biolegend®, San Diego, CA, USA), PE-conjugated anti-CD25 (catalog number
302605, Biolegend®, San Diego, CA, USA), and APC-conjugated anti-CD127 (catalog num-
ber 351316, Biolegend®, San Diego, CA, USA). Gating and compensation were performed
using irrelevant isotype control antibodies conjugated to FITC, PE, PercP-Cy5.5, PECy7,
and APC. Cells were incubated at 4 ◦C for 20 min, washed twice with FACS solution, and
resuspended in 0.3 mL of the solution. Flow cytometry was conducted using a BD FAC-
SLyric™ Clinical Flow Cytometry System. The absolute number of T cell subpopulations
was extrapolated from flow cytometry percentages and hematological analysis.

2.4. RNA Isolation and cDNA Synthesis

PBMCs were homogenized in Trizol reagent (Invitrogen™, Waltham, MA, USA) fol-
lowing the manufacturer’s instructions (ThermoScientific™, Waltham, MA, USA). After
chloroform extraction, RNA was precipitated with isopropanol, washed with ethanol, and
the pellet was resuspended in ultrapure water. RNA concentration was determined using a
Qubit® 2.0 fluorometer. cDNA synthesis was performed using the Maxima First Strand
cDNA Synthesis Kit (ThermoScientific™, Waltham, MA, USA).

2.5. Evaluation of Transcription Factors Expression

The expression of GATA3, FOXP3, RORγT (RORC), and T-bet (Tbx21) genes was
initially assessed in 29 immune cell subtypes using RNA-seq data from Monaco et al. [24]
(Table 1). Quantitative real-time PCR (qPCR) was performed using SYBRGreenTM reagents
(Maxima SYBR Green/ROX qPCR Master Mix, ThermoScientific™, Waltham, MA, USA)
and a Light Cycler 480 thermal cycler. Gene expression levels were normalized to ACTB as
the endogenous control, applying the −∆∆Ct method [25]. Data analysis was performed
using PE Applied Biosystems software and the dXpress web tool [26].

Table 1. Oligonucleotide sequences.

Gene Size (bp) Sequence

T-bet (TBX21) 107
CGG CTG CAT ATC GTT GAG GT
GTC CCC ATT GGC ATT CCT C

GATA3 107
TCA TTA AGCCCA AGC GAA GG
GTC CCC ATT GGC ATT CCT C
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Table 1. Cont.

Gene Size (bp) Sequence

RORγt (RORC) 111
GCA GCG CTC CAA CAT CTT CT
ACG TAC TGAATG GCC TCG GT

FOXP3 63
CACCTG GCT GGG AAA ATG G
GGA GCC CTT GTC GGA TGA

β-Actin (ACTB) 106
GCA TGG GTC AGA AGG ATT CCT
TCG TCC CAG TTG GTGACG AT

bp: base pairs. Sequences obtained from the study of Lin et al. [27].

2.6. Statistical Analysis

Statistical analyses were performed using STATA version 12 and R version 4.4.0 soft-
ware. Significant differences (p < 0.05) between diabetic and non-diabetic CKD patients
undergoing hemodialysis were assessed. Depending on the normality of the data distribu-
tion, either the T-test or the Mann–Whitney U test was applied to compare mean values
between groups. For categorical variables, the Chi-square or Fisher Exact test was used.
Spearman’s test was employed to evaluate correlations between numerical variables. Given
the limited data on gene expression in CKD patients with T2D, we hypothesized a large
effect size (Cohen’s d-value = 0.95) as a proof of concept. Using a significance level of 0.1,
the Statistics Kingdom tool [28] was used to calculate an estimated statistical power of 70%
for this study.

3. Results
3.1. Study Cohort

Table 2 provides a detailed overview of the demographic and etiological characteristics
of the CKD patients included in this study. Arterial hypertension and hepatitis C infection
were the most common comorbidities observed. A statistically significant difference was
found in the duration of uremia, with non-diabetic patients undergoing longer hemodialysis
treatment. Regarding the etiology of End-Stage Renal Disease (ESRD), diabetic nephropa-
thy was the predominant cause among diabetic patients, while glomerulonephritis and
hypertensive nephropathy were more common among non-diabetic patients.

Table 2. Epidemiological characteristics of CKD patients with and without T2D.

Variables Diabetic (n = 11) Non-Diabetic (n = 11) p-Value

Gender
Female 3 (27.3%) 6 (54.5%)
Male 8 (72.7%) 5 (45.5%)

Age (years) 70.4 ± 8.1 64.9 ± 11.8 0.223
ESRD Etiology

Glomerulonephritis 0 (0%) 3 (27.27%)
Hypertensive nephropathy 1 (9.09%) 3 (27.27%)
Diabetic nephropathy 11 (100%) 0 (0%)
Chronic dysfunction kidney graft 0 (0%) 2 (18.18%)
Polycystic hepatorenal disease 0 (0%) 1 (9.09%)
Nephrolithiasis 0 (0%) 1 (9.09%)

Duration of uremia (years) 5 ± 4 11 ± 5 0.023
Duration of uremia (categories)

(1–3) 3 (27.3%) 1 (9.1%) 0.038
(4–6) 5 (45.4%) 1 (9.1%)
(>7) 3 (27.3%) 9 (81.8%)
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Table 2. Cont.

Variables Diabetic (n = 11) Non-Diabetic (n = 11) p-Value

Body mass index
Weighted deficiency (<18.5) 1 (11.0%) 0 (0%)
Normal (18.5–24.9) 4 (44.5%) 8 (72.7%)
Overweight (25–29.9) 4 (44.5%) 3 (27.3%)

Comorbidities
Hypertension 8 (66.7%) 4 (33.3%) 0.099
Hepatitis C 3 (42.9%) 4 (57.1%) 0.500
Others 0 (0%) 1 (9.09%)

Values are shown as frequency (%) or median ± interquartile range. ESRD: End Stage Renal Disease. p-values
were obtained by Chi-square or Fisher Exact test between categorical variables and Mann–Whitney test for
quantitative comparisons. p-values highlighted in bold indicate statistically significant differences (p < 0.05).

3.2. Comparative Analysis of CD4+ and CD8+ Memory T Lymphocytes in Diabetic and
Non-Diabetic CKD Patients

No statistical difference was observed in the memory T cells mean number between
diabetic and non-diabetic CKD patients (Table 3). Figure 1 shows the flow cytomet-
ric analysis of the memory T lymphocyte populations on a representative patient of
each group.

Table 3. Absolute cell counts of T lymphocytes in diabetic and non-diabetic CKD patients.

T Cells Diabetic (n = 11)
(Number/mm3)

Non-Diabetic (n = 11)
(Number/mm3) p-Value

CD4+ T lymphocyte 650.6 ± 300.4 622.8 ± 277.9 0.829
CD8+ T lymphocyte 422.8 ± 207.9 416.9 ± 126.6 0.939

CD4+ TEMRA 28.6 ± 24.2 29.7 ± 52.2 0.888
CD4+ T naïve 102.2 ± 193.4 116.5 ± 75.1 0.725

CD4+ TEM 360 ± 196.6 331.6 ± 146.2 0.714
CD4+ TCM 85.7 ± 103.4 72.5 ± 57.0 0.778

CD8+ TEMRA 185.7 ± 141.2 236.8 ± 60.9 0.439
CD8+ T naïve 49.9 ± 6.68 61.9 ± 12.5 0.401

CD8+ TEM 113.6 ± 132.2 132.9 ± 84.21 1.000
CD8+ TCM 7.6 ± 7.6 6.9 ± 5.9 0.833

TEMRA: Effector memory re-expressing CD45RA T-cells; TEM: Effector memory T-cells; TCM: Central memory
T-cells. Values are shown as median ± interquartile range.
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LM007 (non-diabetic patient). (B). Sample LM019 (diabetic patient). Gating strategy for the memory
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cells were gated in P7 and P5, respectively. CD8+ T lymphocytes were grouped as follows: naïve
lymphocytes (CCR7+CD45RA+) in Q2-4, TCM central memory lymphocytes (CCR7+CD45RA-)
in Q4-4, memory lymphocytes TEM effector lymphocytes (CCR7-CD45RA-) in Q3-4 and TEMRA
effector lymphocytes (CCR7-CD45RA+) in Q1-4. CD4+ T lymphocytes were grouped as follows:
naïve lymphocytes (CCR7+CD45RA+) in Q2-3, TCM central memory lymphocytes (CCR7+CD45RA-)
in Q4-3, memory lymphocytes TEM effector lymphocytes (CCR7-CD45RA-) in Q3-3, and TEMRA
effector lymphocytes (CCR7-CD45RA+) in Q1-3. Doublets were excluded by plotting FSC-H vs.
FSC-A. Cells were analyzed on BD FACSLyric™ Clinical Flow Cytometry System.

3.3. Comparison of Treg Cells in Diabetic and Non-Diabetic CKD Patients

The absolute cell counts and the percentage of Treg cells were determined based on
CD3+ lymphocytes gate in diabetic and non-diabetic CKD patients. As shown in Table 4,
Treg CD4+CD25+CD127- and CD4+CD25+ cell counts show no significant differences
between diabetic and non-diabetic patients. However, a statistical difference was observed
in the percentages of Treg cells (p < 0.05).

Figure 2 shows the analysis of Treg lymphocytes corresponding to a representative
patient of each group.

Table 4. Absolute cell counts and percentage of Treg cells in diabetic and non-diabetic CKD patients.

Variables Diabetic (n = 11) Non-Diabetic (n = 11) p-Value

Treg CD4+CD25+CD127- (number/mm3)
% of Treg CD4+ CD25+ CD127-
CD4+ CD25+ (number/mm3)
% of Treg CD4+ CD25+

14.4 ± 15.8
5.1 ± 2.6%

8.9 ± 12.03
2.8 ± 3.1%

0.091
0.023

11.7 ± 13.8
4.3 ± 2.5%

6.0 ± 9.4
2.3 ± 2.4%

0.139
0.045

Values are shown as median ± interquartile range. p-values highlighted in bold indicate statistically significant
differences (p < 0.05).
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Figure 2. Representative analysis of Treg cells on two CKD patients. (A). Sample LM007 (non-diabetic
patient). (B). Sample LM019 (diabetic patient). Gating strategy for Treg cells: CD4+CD25+ cells (P5)
were selected from CD4+ cells (P4); CD4+CD25+CD127- Treg cells are shown in Q4. Doublets
were excluded by plotting FSC-H vs FSC-A. Cells were analyzed on BD FACSLyric™ Clinical Flow
Cytometry System.
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3.4. Normalized Expression of T-Bet (Tbx21), GATA3, RORyT (RORC), and FOXP3 Genes in
PBMC Subpopulations

Considering that proportions of CD4+ T subpopulations could be imbalanced between
diabetic and non-diabetic CKD patients, we explored the so-called master regulator genes
to characterize CD4+ T cells differentiation bias on this patient cohort. Initially, we settled
basal levels of the four genes in PBMCs subtypes based on the study of Monaco et al. [24].

Figure 3 shows FOXP3, GATA3, RORC, and Tbx21 gene expression levels among
10 representative cell subtypes found in human PBMCs. As expected, helper T cells
differentially express FOXP3, GATA3, RORC, and Tbx21 genes. However, Natural Killer
(NK), progenitor, and B cells express certain levels of these genes. In particular, a significant
GATA3 and Tbx21 expression was found in NK cells. For more cell subtypes, please refer to
Figure S1.
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3.5. Expression of Tbx21, GATA3, RORC, and FOXP3 Genes in Diabetic and Non-Diabetic
CKD Patients

No significant difference was observed in diabetic compared to non-diabetic CKD pa-
tients regarding the expression of the transcription factors that control CD4+ T lymphocytes
differentiation bias (Table 5). However, patients with CKD express more Tbx21 (median
level −7.52 ± 1.93) than GATA3 (median level −12.3 ± 2.08), in opposition to the behavior
of these genes in healthy individuals (Figure 3).

Table 5. Differences in genetic expression (−∆Ct) of transcription factors.

Gene Diabetic Non-Diabetic p-Value

GATA3 −12.2 ± 1.08 −12.4 ± 2.63 0.72
FOXP3 −19.1 ± 1.90 −18.5 ± 2.16 0.86
RORyT (RORC) −12.8 ± 2.40 −13.3 ± 2.19 0.45
T-bet (Tbx21) −7.55 ± 1.91 −7.40 ± 1.56 0.72

Values are shown as median ± interquartile range.
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When correlation profiles were evaluated between anti-inflammatory (FOXP3) and
pro-inflammatory (Tbx21 and RORC) genes, a moderate positive correlation was detected
in FOXP3 vs. Tbx21 in diabetic CKD patients (Figure 4). In addition, a strong positive
correlation between the expression levels of FOXP3 vs. RORC genes was observed in
non-diabetic patients (Figure 5).
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4. Discussion
T cell differentiation profiles that reflect inflammatory conditions are crucial for track-

ing chronic diseases such as diabetes and kidney failure. Patients with T2D exhibit higher
percentages of TEM and TCM cells compared to non-diabetic patients, while their frequency
of naïve T cells is lower [20]. Aging and terminal CKD are associated with premature de-
clines in memory cell function [16]. CKD patients show a significant reduction in naïve and
TCM cells due to apoptosis [15]. Naïve T cells are more vulnerable to apoptosis in a uremic
environment, contributing to their decline [29]. Moreover, differences in T cell frequencies
influenced by dialysis modality and age have been noted; CKD patients on dialysis have



Biomedicines 2025, 13, 3 9 of 12

a lower frequency of CD8+ TCM and CD4+ TCM cells compared to those on peritoneal
dialysis [30].

Dialysis therapy does not resolve the immunological dysregulation caused by
uremia [31]. The retention of uremic molecules and cytokines in terminal-stage CKD
patients exacerbates oxidative stress and inflammation, leading to T cell deterioration and
premature immune aging. Similarly, no reversal of T cell immunological aging has been
observed in renal transplant patients [32]. Monitoring T cells in CKD patients is essential,
as peripheral naïve T cells can predict post-transplant survival [33]. Furthermore, kidney
transplant recipients with high frequencies of CD8+ TEMRA cells have double the risk of
renal dysfunction [34].

We investigated whether T2D influences the abundance of T cell subtypes (TEM,
TEMRA, TCM, naïve T) in CKD patients. While we hypothesized that T2D as a comorbidity
might alter T cell profiles, no significant differences in T cell subset numbers were detected.
Additionally, the frequency of naïve and TCM CD8+ T cells was lower than TEM and
TEMRA CD8+ T cells, regardless of T2D status. In terms of Th cells, TEMRA and TCM
numbers were lower than naïve and TEM cells. Imbalanced CKD and hemodialysis
duration between experimental groups may explain our results, as longer dialysis exposure
may subject non-diabetic patients to subclinical infections, increasing memory T cells.

According to Freitas et al., the average number of Treg cells in adult CKD patients is
lower than in healthy controls [16]. Although the number of CD4+CD25+CD127- Treg cells
in diabetic CKD patients was higher than in non-diabetic CKD patients, no significant dif-
ference was found (p > 0.05). However, a statistically significant increase in the percentage
of Tregs was observed in diabetic CKD patients. Similar findings were reported in T2D
patients with cardiovascular disease compared to those without [20]. Another study on
diabetic nephropathy patients showed that Treg percentages were higher than in healthy
controls [18]. This remains controversial since Treg counts were not linked to diabetes
duration and increased immune activation, inflammation, or T2D progression [17]. It is
worth noting that CD25, also an activation marker on conventional CD4+ T cells, may have
altered expression in CKD and T2D patients. Thus, detecting FOXP3 in CD4+CD25+CD127-
Treg cells would be relevant.

The balance between Th1, Th2, and Th17 differentiation is vital for maintaining
normal immune function. An imbalance can contribute to cancer, autoimmunity, aller-
gies, metabolic infections, and organ transplant rejection. Studies on Th cell profiles
have generally concluded that T2D patients experience increases in Th1 and Th17 cells,
which correlate positively with creatinine levels and diabetic nephropathy progression [17].
An inverse correlation between disease progression and Treg cell expression has also
been documented [35].

When we compared the genetic expression of master regulatory transcription factors
FOXP3, GATA3, RORC, and T-bet (Tbx21), no significant differences were found between
CKD patients with and without T2D. However, a significant positive correlation between
T-bet and FOXP3 was observed in diabetic patients, suggesting that Th1 differentiation is
counteracted by Treg cells. This dynamic has been recognized as crucial in the pathogenesis
of glomerulonephritis [36]. Indeed, an increased Th17/Treg ratio has been associated with
renal function deterioration and CKD progression, driven by inflammation-induced tissue
damage [37]. In non-diabetic CKD patients, we found elevated RORC expression correlating
with FOXP3, suggesting exposure to infectious agents due to longer hemodialysis durations
compared to diabetic patients.

In diabetic CKD patients, a notable but statistically insignificant imbalance (chi-square;
p = 0.1932) was detected between male and female patients. Gender does not appear to influ-
ence immune cell differences in CKD patients undergoing HD. The decline in renal function
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in CKD leads to the accumulation of uremic toxins, affecting the hypothalamic-pituitary-
gonadal axis, which reduces gonadotropin production and, consequently, hormone levels.
This process can result in hypogonadism in men and premature menopause in women [38].
Al-Khafaji (2020) found that gender did not significantly influence immune cell differences
in these patients [39].

A fourth-level care institution was selected for this study, as CKD patients receive
optimal supportive care during HD treatment. Additionally, patients undergo frequent
hematological evaluations, and detailed clinical records are accessible. While the number
of available patients is limited, conclusions are based on robust experimental techniques
designed for single-cell evaluation. These techniques revealed a decrease in naïve T cells,
an increase in TEM cells, higher expression of T-bet and RORC, and reduced expression
of FOXP3 in CKD patients. The borderline p-values between diabetic and non-diabetic
patients may be partially explained by the small sample size. Therefore, ongoing studies
aim to validate phenotypic and genetic T cell subtype characteristics in a larger cohort of
diabetic and non-diabetic CKD patients.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/biomedicines13010003/s1, Figure S1: Normalized expression of
gene levels across fine PBMC subtypes. Data are shown in log2 of Transcripts per Million (TPM) + 1.
Cell subtypes were collected as originally described in the Monaco et al., (2019) study [24].
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Szczepański, T.; Trzonkowski, P. CD4+CD25highCD127low/−FoxP3

+ Regulatory T-Cell Population in Acute Leukemias: A Review
of the Literature. J. Immunol. Res. 2019, 2019, 2816498. [CrossRef]

9. Lu, Y.; Malmhäll, C.; Sjöstrand, M.; Rådinger, M.; O’Neil, S.E.; Lötvall, J.; Bossios, A. Expansion of CD4+CD25+ and CD25− T-Bet,
GATA-3, Foxp3 and RORγt Cells in Allergic Inflammation, Local Lung Distribution and Chemokine Gene Expression. PLoS ONE
2011, 6, e19889. [CrossRef]

10. Butcher, M.J.; Zhu, J. Recent Advances in Understanding the Th1/Th2 Effector Choice. Fac. Rev. 2021, 10, 30. [CrossRef]
11. Zhu, J.; Jankovic, D.; Oler, A.J.; Wei, G.; Sharma, S.; Hu, G.; Guo, L.; Yagi, R.; Yamane, H.; Punkosdy, G.; et al. The Transcription

Factor T-Bet Is Induced by Multiple Pathways and Prevents an Endogenous Th2 Cell Program during Th1 Cell Responses.
Immunity 2012, 37, 660–673. [CrossRef] [PubMed]

12. Zhu, J.; Yamane, H.; Paul, W.E. Differentiation of Effector CD4 T Cell Populations. Annu. Rev. Immunol. 2010, 28, 445–489.
[CrossRef] [PubMed]

13. de Oliveira Boldrini, V.; dos Santos Farias, A.; Degasperi, G.R. Deciphering Targets of Th17 Cells Fate: From Metabolism to
Nuclear Receptors. Scand. J. Immunol. 2019, 90, e12793. [CrossRef]

14. Hu, M.; Wang, Y.M.; Wang, Y.; Zhang, G.Y.; Zheng, G.; Yi, S.; O’Connell, P.J.; Harris, D.C.H.; Alexander, S.I. Regulatory T Cells in
Kidney Disease and Transplantation. Kidney Int. 2016, 90, 502–514. [CrossRef]

15. Yoon, J.W.; Gollapudi, S.; Pahl, M.V.; Vaziri, N.D. Naïve and Central Memory T-Cell Lymphopenia in End-Stage Renal Disease.
Kidney Int. 2006, 70, 371–376. [CrossRef]

16. Freitas, G.R.R.; Da Luz Fernandes, M.; Agena, F.; Jaluul, O.; Silva, S.C.; Lemos, F.B.C.; Coelho, V.; David-Neto, E.; Galante, N.Z.
Aging and End Stage Renal Disease Cause A Decrease in Absolute Circulating Lymphocyte Counts with A Shift to A Memory
Profile and Diverge in Treg Population. Aging Dis. 2019, 10, 49–61. [CrossRef]

17. Zhang, C.; Xiao, C.; Wang, P.; Xu, W.; Zhang, A.; Li, Q.; Xu, X. The Alteration of Th1/Th2/Th17/Treg Paradigm in Patients with
Type 2 Diabetes Mellitus: Relationship with Diabetic Nephropathy. Hum. Immunol. 2014, 75, 289–296. [CrossRef] [PubMed]

18. Ibrahim, W.H.; Aly, M.G.; Ahmad, A.B.; Sayed, N.G.; Galal, H.S.; Al-Maghraby, M.H. Regulatory T-Cells Dysregulation in Type 2
Diabetic Nephropathy. J. Egypt. Soc. Nephrol. Transplant. 2019, 19, 19–23. [CrossRef]

19. Lau, E.Y.M.; Carroll, E.C.; Callender, L.A.; Hood, G.A.; Berryman, V.; Pattrick, M.; Finer, S.; Hitman, G.A.; Ackland, G.L.; Henson,
S.M. Type 2 Diabetes Is Associated with the Accumulation of Senescent T Cells. Clin. Exp. Immunol. 2019, 197, 205–213. [CrossRef]

20. Rattik, S.; Engelbertsen, D.; Wigren, M.; Ljungcrantz, I.; Östling, G.; Persson, M.; Nordin Fredrikson, G.; Bengtsson, E.; Nilsson, J.;
Björkbacka, H. Elevated Circulating Effector Memory T Cells but Similar Levels of Regulatory T Cells in Patients with Type 2
Diabetes Mellitus and Cardiovascular Disease. Diabetes Vasc. Dis. Res. 2019, 16, 270–280. [CrossRef]

21. Satirapoj, B. Tubulointerstitial Biomarkers for Diabetic Nephropathy. J. Diabetes Res. 2018, 2018, 2852398. [CrossRef] [PubMed]
22. Fraser, S.; Blakeman, T. Chronic Kidney Disease: Identification and Management in Primary Care. Pragmatic Obs. Res. 2016, 7,

21–32. [CrossRef]
23. El Nahas, A.M.; Bello, A.K. Chronic Kidney Disease: The Global Challenge. Lancet 2005, 365, 331–340. [CrossRef] [PubMed]
24. Monaco, G.; Lee, B.; Xu, W.; Mustafah, S.; Hwang, Y.Y.; Carré, C.; Burdin, N.; Visan, L.; Ceccarelli, M.; Poidinger, M.; et al.

RNA-Seq Signatures Normalized by MRNA Abundance Allow Absolute Deconvolution of Human Immune Cell Types. Cell Rep.
2019, 26, 1627–1640.e7. [CrossRef] [PubMed]

25. Livak, K.J.; Schmittgen, T.D. Analysis of Relative Gene Expression Data Using Real-Time Quantitative PCR and the 2−∆∆CT

Method. Methods 2001, 25, 402–408. [CrossRef] [PubMed]
26. Murillo Carrasco, A.G.; Furuya, T.K.; Uno, M.; Citrangulo Tortelli, T.; Chammas, R. DeltaXpress (∆Xpress): A Tool for Mapping

Differentially Correlated Genes Using Single-Cell QPCR Data. BMC Bioinform. 2023, 24, 402. [CrossRef]
27. Lin, Z.W.; Wu, L.X.; Xie, Y.; Ou, X.; Tian, P.K.; Liu, X.P.; Min, J.; Wang, J.; Chen, R.F.; Chen, Y.J.; et al. The Expression Levels of

Transcription Factors T-Bet, GATA-3, RORγt and FOXP3 in Peripheral Blood Lymphocyte (PBL) of Patients with Liver Cancer
and Their Significance. Int. J. Med. Sci. 2015, 12, 7–16. [CrossRef]

28. Statistics Kingdom Multiple Linear Regression Calculator. Available online: https://www.statskingdom.com/about.html
(accessed on 12 June 2024).

https://doi.org/10.1002/hpm.2871
https://www.ncbi.nlm.nih.gov/pubmed/31368138
https://doi.org/10.2471/BLT.17.206441
https://doi.org/10.1093/bfgp/elt025
https://doi.org/10.1155/2019/2816498
https://doi.org/10.1371/journal.pone.0019889
https://doi.org/10.12703/r/10-30
https://doi.org/10.1016/j.immuni.2012.09.007
https://www.ncbi.nlm.nih.gov/pubmed/23041064
https://doi.org/10.1146/annurev-immunol-030409-101212
https://www.ncbi.nlm.nih.gov/pubmed/20192806
https://doi.org/10.1111/sji.12793
https://doi.org/10.1016/j.kint.2016.03.022
https://doi.org/10.1038/sj.ki.5001550
https://doi.org/10.14336/AD.2018.0318
https://doi.org/10.1016/j.humimm.2014.02.007
https://www.ncbi.nlm.nih.gov/pubmed/24530745
https://doi.org/10.4103/jesnt.jesnt_23_18
https://doi.org/10.1111/cei.13344
https://doi.org/10.1177/1479164118817942
https://doi.org/10.1155/2018/2852398
https://www.ncbi.nlm.nih.gov/pubmed/29577044
https://doi.org/10.2147/POR.S97310
https://doi.org/10.1016/S0140-6736(05)17789-7
https://www.ncbi.nlm.nih.gov/pubmed/15664230
https://doi.org/10.1016/j.celrep.2019.01.041
https://www.ncbi.nlm.nih.gov/pubmed/30726743
https://doi.org/10.1006/meth.2001.1262
https://www.ncbi.nlm.nih.gov/pubmed/11846609
https://doi.org/10.1186/s12859-023-05541-4
https://doi.org/10.7150/ijms.8352
https://www.statskingdom.com/about.html


Biomedicines 2025, 13, 3 12 of 12

29. Hartzell, S.; Bin, S.; Cantarelli, C.; Haverly, M.; Manrique, J.; Angeletti, A.; Manna, G.L.; Murphy, B.; Zhang, W.; Levitsky, J.; et al.
Kidney Failure Associates with T Cell Exhaustion and Imbalanced Follicular Helper T Cells. Front. Immunol. 2020, 11, 583702.
[CrossRef] [PubMed]

30. Xiaoyan, J.; Rongyi, C.; Xuesen, C.; Jianzhou, Z.; Jun, J.; Xiaoqiang, D.; Xiaofang, Y. The Difference of T Cell Phenotypes in End
Stage Renal Disease Patients under Different Dialysis Modality. BMC Nephrol. 2019, 20, 301. [CrossRef]

31. Chung, B.H.; Kim, K.W.; Sun, I.O.; Choi, S.R.; Park, H.S.; Jeon, E.J.; Kim, B.M.; Choi, B.S.; Park, C.W.; Kim, Y.S.; et al. Increased
Interleukin-17 Producing Effector Memory T Cells in the End-Stage Renal Disease Patients. Immunol. Lett. 2012, 141, 181–189.
[CrossRef]

32. Meijers, R.W.J.; Litjens, N.H.R.; De Wit, E.A.; Langerak, A.W.; Baan, C.C.; Betjes, M.G.H. Uremia-Associated Immunological
Aging Is Stably Imprinted in the T-Cell System and Not Reversed by Kidney Transplantation. Transpl. Int. 2014, 27, 1272–1284.
[CrossRef] [PubMed]

33. Courivaud, C.; Bamoulid, J.; Crepin, T.; Gaiffe, E.; Laheurte, C.; Saas, P.; Ducloux, D. Pre-Transplant Thymic Function Predicts Is
Associated with Patient Death After Kidney Transplantation. Front. Immunol. 2020, 11, 1693. [CrossRef] [PubMed]

34. Jacquemont, L.; Jacquemont, L.; Tilly, G.; Tilly, G.; Yap, M.; Yap, M.; Doan-Ngoc, T.M.; Doan-Ngoc, T.M.; Danger, R.; Danger,
R.; et al. Terminally Differentiated Effector Memory CD8+ T Cells Identify Kidney Transplant Recipients at High Risk of Graft
Failure. J. Am. Soc. Nephrol. 2020, 31, 876–891. [CrossRef] [PubMed]

35. Qiao, Y.C.; Shen, J.; He, L.; Hong, X.Z.; Tian, F.; Pan, Y.H.; Liang, L.; Zhang, X.X.; Zhao, H.L. Changes of Regulatory T Cells and
of Proinflammatory and Immunosuppressive Cytokines in Patients with Type 2 Diabetes Mellitus: A Systematic Review and
Meta-Analysis. J. Diabetes Res. 2016, 2016, 3694957. [CrossRef]

36. Herrnstadt, G.R.; Steinmetz, O.M. The Role of Treg Subtypes in Glomerulonephritis. Cell Tissue Res. 2021, 385, 293–304. [CrossRef]
37. Zhu, X.; Li, S.; Zhang, Q.; Zhu, D.; Xu, Y.; Zhang, P.; Han, J.; Duan, Z.; Gao, J.; Ou, Y. Correlation of Increased Th17/Treg Cell

Ratio with Endoplasmic Reticulum Stress in Chronic Kidney Disease. Medicine 2018, 97, e10748. [CrossRef]
38. Melillo, C.M.; Suescun, M.O. Niveles de Tirotrofina y Hormonas Tiroideas en el Paciente Renal Crónico en Hemodiálisis. Rev.

Argent. Endocrinol. Metab. 2010, 47, 5–17.
39. Al-Khafaji, M. The Immunity Parameters of Renal Failure Patients. Ann. Trop. Med. Public Health 2020, 23, SP231422. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3389/fimmu.2020.583702
https://www.ncbi.nlm.nih.gov/pubmed/33117396
https://doi.org/10.1186/s12882-019-1475-y
https://doi.org/10.1016/j.imlet.2011.10.002
https://doi.org/10.1111/tri.12416
https://www.ncbi.nlm.nih.gov/pubmed/25082296
https://doi.org/10.3389/fimmu.2020.01653
https://www.ncbi.nlm.nih.gov/pubmed/32903778
https://doi.org/10.1681/ASN.2019080847
https://www.ncbi.nlm.nih.gov/pubmed/32165419
https://doi.org/10.1155/2016/3694957
https://doi.org/10.1007/s00441-020-03359-7
https://doi.org/10.1097/MD.0000000000010748
https://doi.org/10.36295/ASRO.2020.231422

	Introduction 
	Materials and Methods 
	Study Design 
	Isolation of Peripheral Blood Mononuclear Cells (PBMCs) 
	Flow Cytometry 
	RNA Isolation and cDNA Synthesis 
	Evaluation of Transcription Factors Expression 
	Statistical Analysis 

	Results 
	Study Cohort 
	Comparative Analysis of CD4+ and CD8+ Memory T Lymphocytes in Diabetic and Non-Diabetic CKD Patients 
	Comparison of Treg Cells in Diabetic and Non-Diabetic CKD Patients 
	Normalized Expression of T-Bet (Tbx21), GATA3, RORyT (RORC), and FOXP3 Genes in PBMC Subpopulations 
	Expression of Tbx21, GATA3, RORC, and FOXP3 Genes in Diabetic and Non-Diabetic CKD Patients 

	Discussion 
	References

