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Abstract: The etiology of acute myeloid leukemia (AML) is complex, including genetic
and environmental abnormalities. The immune system anomalies play an essential role
in the process of leukemogenesis. However, the immunopathological factors, including
abnormal T helper (Th) subsets, contributing to the initiation and progression of this
neoplasm, require further investigation. Considering the previously mentioned data, we
decided to study the expression pattern of transcription factors T-bet, Foxp3, and RORγt
that regulate Th1, Treg, and Th17, respectively, in acute myeloid leukemia with correlation
to clinical and other investigation data and treatment outcomes. This study was conducted
on 80 newly diagnosed patients with AML recruited from the National Cancer Institute,
Cairo University, and 25 healthy control subjects. The AML patient cohort consisted of
30 females (37.5%) and 50 males (62.5%), ranging from 18 to 74 years old. The control
group was 8 females (32%) and 17 males (68%), with ages ranging from 23 to 40 years old.
Samples were provided from the bone marrow of donor cases for allogeneic bone marrow
transplantation. The diagnosis of acute myeloid leukemia was based on morphologic and
cytochemical evaluation, immunophenotyping, and complementary cytogenetics accord-
ing to WHO criteria. Upshift from the normal T-bet intensity of power (MFI), RORγt+

CD4+ T lymphocyte frequency (%) with downshift from the normal FOXP3 intensity of
power (MFI), may suggest a state of inflammation. In contrast, an upshift from the normal
FOXP3+ CD4+ T lymphocyte frequency (%) may reflect a state of immunosuppression in
the bone marrow microenvironment of AML. Combined, they constitute a sophisticated
scenario of immunological disorder in AML. Co-expression of T-bet and RORγt transcrip-
tion factors in CD4+ T lymphocytes in both normal and AML groups may suggest CD4+ T
lymphocyte plasticity.
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1. Introduction
Acute myeloid leukemia (AML) is the most common acute leukemia affecting adults,

and its incidence increases with age. Globally, leukemia accounts for approximately 3.5%
of all cancer cases. Among these, AML is the most common subtype in adults [1]. However,
precise global statistics on AML’s proportion relative to all cancers are limited. In the
United States, AML represents about 1% of all cancer diagnoses. Similarly, in the United
Kingdom, AML accounts for less than 1% of all new cancer cases [2]. Over the last
three decades, the prognosis of AML has improved only modestly, with 5-year overall
survival rates rising from ~15–20% in the 1990s to ~30% today for adults under 60, largely
due to advances in supportive care, optimized chemotherapy, and allogeneic stem cell
transplantation. While modern diagnostics (e.g., next-generation sequences (NGS) and
minimal residual disease (MRD) monitoring) enable precision risk stratification and guide
therapies, these tools have not overcome the biologic aggressiveness of many AML subtypes
or the lack of effective treatments for resistant disease, resulting in minimal population-level
survival improvements [3]. Thus, despite incremental progress in younger, fitter patients,
AML prognosis remains poor overall, underscoring decades of therapeutic stagnation for
most patients. Studies focused on the immunological background of bone marrow that
provoked leukemic clones, drug resistance, and subsequent relapses [4]. Understanding
the different CD4+ T cells subsets may reinstate the immunological cure of AML. The
mechanisms adopted by leukemic clones that drive the immune response have not yet been
underexplored [5].

Chronic proinflammation plays a significant role in the pathogenesis and progression
of AML by shaping a dysregulated bone marrow microenvironment that supports leukemic
cell survival, proliferation, and therapy resistance. In AML, inflammatory cytokines such as
IL-1β, IL-6, TNF-α, and TGF-β are often elevated, activating oncogenic signaling pathways
(e.g., NF-κB and STAT3) that drive leukemogenesis, suppress apoptosis, and promote
chemoresistance [6].

Immune system disorder has been shown in the pathogenesis of AML. T cells are
immune, essential for anti-tumor immunity, and eliminate AML cells through releasing
cytokines and cytotoxic substances. Parallelly, AML cells influence T cell differentiation and
proliferation and play an immunosuppressive role by releasing inhibitory cytokines or other
mechanisms. The immunosuppressive tumor microenvironment (TME) in cancers like AML
and breast cancer drives immune cell dysfunction, particularly T cell exhaustion, by creating
hypoxic, nutrient-deprived conditions and upregulating inhibitory signals (e.g., PD-1/PD-
L1 and adenosine). A 2024 study identifying TOX, CD39, and CXCR5 as novel markers of
exhausted CD8+ T cells in breast cancer highlights how chronic antigen exposure in the
TME epigenetically silences effector genes (via TOX) and disrupts metabolic pathways,
mirroring mechanisms in AML where leukemic blasts and stromal cells overexpress PD-L1
and CD39/CD73, promoting adenosine-mediated T cell suppression [7].

T helper (Th) cells are pivotal in the T cell immune system network. Previous studies
on Th cells are limited to Th1 or Th2 subset [8]. Accumulating evidence indicates an imbal-
anced Th1/Th2 involved in the pathogenesis of solid tumors [9] as well as hematological
malignancies [10]. T-bet, a T-box transcription factor, is expressed in CD4+ T lympho-
cytes committed to Th1 T-cell development and may participate in immunoglobulin class
switching in B lymphocytes [11].

Th17 and Treg are considered other paired Th subsets, and Th17/Treg imbalance is
found in many diseases [12]. Tregs are characterized by constitutive expression of high-
level CD25, and forkhead-winged helix transcription factor (Foxp3) is essential for Tregs
development and functions. Tregs maintain natural self-tolerance and control immune
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responses to foreign antigens [8]. Several research studies have shown elevated levels of
Tregs in several hematological diseases, including AML [5].

Th17 cells have a regulatory role in normal hematopoiesis [13]. It has been established
that Th17 cells participate in some autoimmune diseases and tumors [14]. Retinoic acid-
related orphan nuclear receptor gamma t (ROR-γt) is a transcription factor that is considered
to be essential for the initiation and maintenance of the Th17 cell lineage [15].

The present study aims to investigate the expression pattern of different transcription
factors T-bet, Foxp3, and RORγt that regulate Th1, Treg, and Th17, respectively, in AML,
with correlation to clinical and other investigation data and treatment outcomes.

2. Subject and Methods
This study involved 80 de novo AML patients recruited from the National Cancer

Institute, Cairo University, and 25 age- and sex-matched healthy control subjects who were
donors for allogeneic bone marrow transplantation. The AML cohort comprised 30 females
(37.5%) and 50 males (62.5%) aged 18 to 74. The control group comprised 8 females (32%)
and 17 males (68%), with ages ranging from 23 to 40 years.

The diagnosis of AML was confirmed using a combination of morphologic exami-
nation, cytochemical staining, immunophenotyping, cytogenetic analysis, and molecular
studies in selected cases, all following the WHO criteria 2016 [16].

2.1. Procedures

Patients underwent a comprehensive assessment, including a detailed medical history
with a focus on leukemia-associated symptoms such as fever, fatigue, bleeding tendencies,
and bone pain. A thorough clinical examination was performed, emphasizing signs of
leukemia involvement, including pallor, purpuric eruptions, hepatomegaly, splenomegaly,
lymphadenopathy, and central nervous system manifestations. Laboratory investigations
included a complete blood count (CBC), analyzed using the Sysmex XN1000 [Sysmex
Corporation, Kobe, Japan] and Leishman-stained peripheral blood smears to evaluate the
differential leukocyte count and the percentage of peripheral blood blast cells. Bone marrow
(BM) aspiration and examination of Leishman-stained smears were conducted to assess
BM blast cell percentage. Cytochemical staining for myeloperoxidase was performed on
marrow smears to classify leukemia subtypes further. Immunophenotyping of blast cells
was carried out using erythrocyte-lysed whole BM and a panel of monoclonal antibodies
(MoAb) labeled with FITC/PE/ECD/PC5.5/PC7/APC for diagnostic purposes, including
markers such as CD45, CD34, CD38, CD117, HLA-DR, CD13, CD33, CD64, CD13, CD11C,
CD123, CD11B, CD61, CD41 CD10, CD10, CD22, cCD79a, CD3, CD4, CD8, CD5, CD7,
CD56, and others (Agilent Technologies Dako, Glostrup, Denmark) (Beckman Coulter,
Miami, FL, USA). The gating strategy involved initial exclusion of debris and dead cells
using FSC versus SSC and viability dyes. AML blasts were identified based on CD45
versus SSC gating, characterized by low CD45 expression and low SSC, with further
classification using CD34, CD117, HLA-DR, and aberrant markers such as CD7 and CD56.
Further classification of AML subtypes was performed based on specific marker expression:
AML with minimal differentiation (CD34+ CD117+ HLA-DR+ but lacking lineage-specific
markers), AML without maturation (CD34+ CD117+ HLA-DR+ with myeloid markers
CD13/CD33), AML with maturation (CD13+ CD33+ CD15+ CD64+), acute promyelocytic
leukemia (APL) (CD34- HLA-DR- CD117+ CD33+ CD64+ with strong CD13 and CD56
expression), AML with monocytic differentiation (CD64+ CD14+ CD4+ CD11c+), and AML
with myelodysplasia-related changes (heterogeneous expression of myeloid markers and
frequent aberrant CD7 expression).
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Lymphocytes were first gated based on their low SSC, moderate FSC, and intermediate
to high CD45 expression. T cells were gated by selecting lymphocytes with low SSC and
moderate FSC, followed by CD3+ gating to isolate total T cells. Subsets were distinguished
as CD3+ CD4+ T-bet+ for Th1 Cells, CD3+ CD4+ RORγt+ for Th17 cells, and CD3+ CD4+

CD25+ FOXP3+ for regulatory T cells.
Markers were considered positive when ≥20% of gated blasts expressed it, except for

CD34 and MPO, where ≥10% was sufficient for positivity. The markers’ mean fluorescence
intensity (MFI) was determined using a six-color Navios Coulter Flow Cytometer (Beckman
Coulter, Miami, FL, USA).

2.2. Methods

For each case, 2 mL of peripheral blood was collected into ethylene diamine tetra-
acetic acid (EDTA) tubes (1.2 mg/mL) as an anticoagulant for performing the complete
blood count (CBC) and preparing Leishman-stained peripheral blood (PB) smears. Bone
marrow aspiration was performed under strict aseptic conditions for both patients and
control subjects. A few drops of the aspirate were used to prepare smears for Leishman and
myeloperoxidase (MPO) staining for patients. Another 2 mL of aspirate was collected into
two sterile tubes: K-EDTA for flow cytometry and lithium heparin for cytogenetic analysis.
For control subjects, a few drops of the aspirate were used for Leishman staining, and 2 mL
were placed into a sterile K-EDTA tube for flow cytometry.

T-bet expression was detected using fluorescein-conjugated (FITC) monoclonal mouse
IgG (Clone 525803) (R&D Systems, Minneapolis, MN, USA), prepared in 1 mL saline
with 0.5% bovine serum albumin (BSA) and <0.1% sodium azide. RORγt expression was
assessed using allophycocyanin-conjugated (APC) monoclonal mouse IgG2B (Clone 600380)
(R&D Systems, Minneapolis, MN, USA), similarly prepared in saline with 0.5% BSA and
<0.1% sodium azide. FOXP3 expression was measured with phycoerythrin-conjugated
monoclonal mouse IgG (PE) (Clone 1054C) (R&D Systems, Minneapolis, MN, USA), also in
saline with 0.5% BSA and <0.1% sodium azide.

Phosphate-buffered saline (PBS) (8.0 g/L NaCl, 0.2 g/L KCl, 1.15 g/L NaH2PO4, and
0.2 g/L KH2PO4, pH adjusted to 7.3 ± 0.2) was stored at 4 ◦C for use without contamination.
Lysing solution (1.5 mmol/L NH4Cl, 100 mmol/L KHCO3, and 10 mmol/L tetra Na-EDTA,
pH 7.2) was prepared in distilled water. Negative isotypic controls were included to assess
background fluorescence intensity and non-specific antibody binding.

T-bet and RORγt were evaluated in the lymphocyte population, considering the
percentage positivity as well as median fluorescent intensity (MFI). For surface marker
analysis, the EDTA anticoagulated BM sample was diluted with PBS to adjust the cell count.
For each sample, a set of tubes was labeled for all the MoAbs to be used, including one tube
for the appropriate negative isotypic-matched control MoAb. 50 µL of diluted samples was
delivered in each tube. 5 µL of each MoAb, as well as of the isotypic negative control MoAb,
was added to the respective tubes. The tubes were vortexed and incubated in the dark at
room temperature for 15 min. 1.5 mL lysing solution was added to each tube. The tubes
were centrifuged at 3000 rpm for 5 min, and the supernatant was discarded. 2 mL of PBS, as
a wash buffer, was added to each tube and mixed thoroughly. The tubes were centrifuged
at 3000 rpm for 5 min, and the supernatant was discarded. The cells were washed once
with 2 mL PBS, with centrifugation, and discarding the supernatant. Cells were suspended
in 300 µL PBS to be processed by the FCM. Negative control samples were introduced in
the machine. The autoflourescence region for PE stain was adjusted for each sample.

For intracellular marker analysis of FOXP3, surface staining for CD25 was first, as
previously described for surface staining. Then, add 100 µL permeabilization buffer.
Incubate for 10 min. Add 5 µL of intracellular monoclonal antibody. Wash the cells with
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2 mL PBS, with centrifugation, and discarding the supernatant. Cells are suspended in
300 µL PBS to be processed by the FCM.

A minimum of 100,000 events were studied. Gating was done on the lymphocyte
population based on forward, side scatter properties, and CD45. The excitation wavelength
was 488 nm Argon laser.

2.3. Data Analysis

Data analysis was conducted using IBM SPSS Advanced Statistics (version 22) (SPSS
Inc., Chicago, IL, USA). Depending on the distribution, numerical data were presented
as either the mean and standard deviation or the median and range. For comparisons of
customarily distributed numeric variables, the Student’s t-test was used, while for non-
normally distributed numeric variables, the Mann–Whitney test was applied. Categorical
variables were expressed as frequencies and percentages, and comparisons between cate-
gorical data were performed using the chi-square test or Fisher’s exact test, depending on
the conditions. All statistical tests were two-tailed to ensure robustness in the results.

2.4. Ethical Approval

This study was approved by the Institutional Review Board of the National Cancer
Institute (IRB-NCI), IRB Approval No. 2106-303-022

Participants were provided with detailed information regarding the study’s purpose,
procedures, potential risks, and benefits. Consent was documented through signed forms,
and patients retained the right to withdraw at any stage without any impact on their
medical care.

3. Results
This study was conducted on 80 de novo AML patients and 25 age- and sex-matched

healthy control participants. AML patients were 30 females (37.5%) and 50 males (62.5%),
aged 18 to 74. The control group consisted of 8 females (32%) and 17 males (68%), whose
ages ranged from 23 to 40 years old. Control samples were provided from the bone marrow
of donor cases for allogeneic bone marrow transplantation. There was no statistically
significant difference between the control group and AML patient group regarding age and
gender distribution (Table 1).

Table 1. Comparison between the control and AML patient groups regarding demographic data.

Control Group AML Patients Group
p-Value Sig.

No. = 25 No. = 80

Age (years)
Mean ± SD 36.96 ± 3.85 42.89 ± 15.63

0.064 NS
Range 23–40 18–74

Gender
Female 8 (32.0%) 30 (37.5%)

0.617 NS
Male 17 (68.0%) 50 (62.5%)

The histological laboratory parameters were measured for both groups. There is
a statistically highly significant increase in total leucocytic count (TLC) and BM blasts
(p < 0.001). At the same time, there is a highly significant decrease in Hb and platelet
count in the AML group compared with the standard control group (p < 0.001). Data are
represented in Table 2.



Cells 2025, 14, 528 6 of 19

Table 2. Comparison between the control group and AML patient group regarding hematological
laboratory parameters.

Control Group Patients Group
p-Value Sig.

No. = 25 No. = 80

TLC
(×103/mm3)

Median (IQR) 6.6 (5.4–7.2) 93 (48.5–142.3)
<0.001 HS

Range 4.5–8.5 0.04–370

Hb (g/dL)
Mean ± SD 14.08 ± 0.95 8.45 ± 2.12

<0.001 HS
Range 12.7–15.4 4.8–14.1

PLT
(×103/mm3)

Median (IQR) 231 (198–263) 58 (27–90)
<0.001 HS

Range 167–345 4–230

BM BLASTS %
Median (IQR) 1 (0–2) 65 (35–90)

<0.001 HS
Range 0–5 7–99

The study on acute myeloid leukemia (AML) patients classified by the French-
American-British (FAB) system revealed the following distribution: 26.3% had M1, 17.5%
had M2, 33.8% had M4, and 22.5% had M5b.

T-bet MFI and RORγt+ CD4+ cells % were significantly higher in AML patients com-
pared to the control group, suggesting increased immune activation. FOXP3+ CD4+ cells
% also showed a marked increase in AML patients, indicating potential immune system
dysregulation. However, T-bet+ cells %, RORγt MFI, and co-expression of RORγt and T-bet
did not differ significantly, implying that these markers might not be as strongly associated
with AML progression (Table 3).

Table 3. Comparison between the control group and AML patient group regarding studied markers
positive CD4+ T lymphocytes % and their MFI.

Control Group AML Patients Group
p-Value Sig.

No. = 25 No. = 80

T-bet+ cells %
Median (IQR) 1.7 (0.4–2.7) 2 (0.8–5.8)

0.088 NS
Range 0.1–3.4 0.1–10

T-bet MFI
Mean ± SD 0.95 ± 0.37 2.08 ± 0.83

>0.001 HS
Range 0.7–1.9 0.7–5.1

RORγt+ cells %
Median (IQR) 4 (2.1–7) 9.7 (4.2–23)

>0.001 HS
Range 1.2–8 0.5–45

RORγt MFI
Mean ± SD 1.42 ± 0.37 1.26 ± 0.66

0.786 NS
Range 1.2–2.4 0.3–3

FOXP3+ cells %
Median (IQR) 3.4 (3–5) 59 (38–72)

>0.001 HS
Range 1.3–5.3 3.6–87

FOXP3 MFI
Mean ± SD 2.47 ± 0.71 2.02 ± 1.03

0.042 S
Range 1.7–3.4 0.8–5

Co-expression RORγt
and T-bet

Median (IQR) 1.8 (0.4–2) 1 (0.1–5.0)
0.650 NS

Range 0.1–3 0–12.6

T-bet+ cells and T-bet MFI show significant correlations with age, with negative
correlations of −0.298 (p = 0.007) and −0.311 (p = 0.005), respectively. Both markers also
correlate with PLT and BM blasts, with T-bet+CD4+ T cells showing a positive correlation
with PLT (0.292, p = 0.008) and BM blasts (0.315, p = 0.004). In contrast, no significant
correlations were found between T-bet+ CD4+ cells, T-bet MFI and TLC, Hb, or PLT MFI
(Table 4 and Figure 1).
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Table 4. Correlation between T-bet+ CD4+ T lymphocytes percentage and T-bet MFI with other
studied parameters in AML patient group.

T-bet+ T-bet MFI

r p-Value r p-Value

Age (years) −0.298 ** 0.007 −0.311 ** 0.005

TLC (×103/mm3) 0.017 0.878 0.111 0.329

Hb (g/dL) −0.244 * 0.029 −0.050 0.660

PLT (×103/mm3) 0.292 ** 0.008 −0.180 0.111

BM BLASTS (%) 0.315 ** 0.004 −0.022 0.849
Spearman correlation coefficients: * significant ** highly significant.
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Figure 1. The analysis reveals significant correlations between T-bet+ CD4+ T lymphocytes % and
various clinical parameters in AML patients. A highly significant negative correlation exists between
T-bet+ CD4+ T lymphocytes % and age (p = 0.007) and a significant negative correlation with Hb levels
(p = 0.029). A highly significant positive correlation is observed between T-bet+CD4+ T lymphocytes
% and platelet count (p = 0.008), as well as with BM blasts % (p = 0.004). T-bet MFI also shows a highly
significant negative correlation with age (p = 0.005).

RORγt+CD4+cells and RORγt MFI show varying correlations with clinical parameters
in AML patients. RORγt MFI has a significant negative correlation with age (r = −0.278,
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p = 0.013) and a significant positive correlation with Hb (r = 0.307, p = 0.006) and BM blasts
% (r = 0.349, p = 0.001). RORγt+CD4+cells showed weaker or non-significant correlations
with age, TLC, PLT, and BM blasts % (Table 5 and Figure 2).

Table 5. Correlations between RORγt+ CD4+ T lymphocytes percentage and RORγt MFI with clinical
parameters in AML patients.

RORγt+ RORγt MFI

R p-Value r p-Value

Age (years) −0.169 0.134 −0.278 * 0.013

TLC (×103/mm3) −0.191 0.089 −0.183 0.104

Hb (g/dL) −0.132 0.244 0.307 ** 0.006

PLT(×103/mm3) −0.208 0.064 0.024 0.830

BM BLASTS (%) 0.179 0.112 0.349 ** 0.001
Spearman correlation coefficients: * significant ** highly significant.
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Figure 2. The correlations between RORγt MFI and various clinical parameters in AML patients.
A highly significant positive correlation is observed between RORγt MFI and Hb levels (p = 0.006)
and with BM blasts % (p = 0.001). Additionally, a significant negative correlation is found between
RORγt MFI and age (p = 0.013), suggesting varying immune system responses in relation to these
clinical factors.

FOXP3+CD25+CD4+ cells and FOXP3 MFI significantly correlate with several clinical
parameters in AML patients. Both markers exhibit a significant negative correlation with
age (r = −0.357, p = 0.001 for FOXP3+; r = −0.373, p = 0.001 for FOXP3 MFI). FOXP3 MFI
also shows a significant negative correlation with TLC (r = −0.254, p = 0.023), while FOXP3+

cells are positively correlated with platelet count (r = 0.235, p = 0.036) (Table 6 and Figure 3).

Table 6. Correlation between FOXP3+ CD25+ CD4+ T lymphocytes % and FOXP3 MFI with the other
studied parameters in AML patient group.

FOXP3+ FOXP3 MFI

r p-Value r p-Value

Age (years) −0.357 ** 0.001 −0.373 ** 0.001

TLC (×103/mm3) 0.097 0.393 −0.254 * 0.023

Hb (g/dL) −0.184 0.101 −0.111 0.327

PLT (×103/mm3) 0.235 * 0.036 −0.004 0.974

BM BLASTS (%) −0.104 0.361 0.059 0.605
Spearman correlation coefficients: * significant ** highly significant.

The co-expression of RORγt and T-bet shows significant correlations with several
clinical parameters in AML patients. A significant negative correlation is observed with
age (r = −0.263, p = 0.019), TLC (r = −0.296, p = 0.008), and Hb levels (r = −0.268, p = 0.016).
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Additionally, a highly significant positive correlation is found with BM blasts % (r = 0.444,
p < 0.001) (Table 7 and Figure 4).
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Figure 3. The significant correlations between FOXP3+ CD25+ CD4+ T lymphocytes % and FOXP3
MFI with clinical parameters in AML patients. There is a highly significant negative correlation
between FOXP3+ CD25+ CD4+ T lymphocytes % (p = 0.001) and FOXP3 MFI (p = 0.001) with age.
FOXP3+ CD25+ CD4+ T lymphocytes % shows a significant positive correlation with platelet count
(p = 0.036), while FOXP3 MFI is significantly negatively correlated with TLC (p = 0.023).

Table 7. Correlation between T-bet+ RORγt+CD4+ T lymphocytes % and studied parameters in the
AML group.

Parameter
Co-Expression RORγt & T-bet

R p-Value

Age (years) −0.263 * 0.019

TLC (×103/mm3) −0.296 ** 0.008

Hb (g/dL) −0.268 * 0.016

PLT (×103/mm3) −0.140 0.217

BM BLASTS (%) 0.444 ** <0.001
Spearman correlation coefficients: * significant ** highly significant.

The distribution of T-bet+CD4+ T lymphocytes and T-bet MFI across various clinical
factors in AML patients is represented in Table 8. Gender differences in T-bet+CD4+ T cells
and T-bet MFI are not statistically significant, with median values of 2.5 for females and
1.9 for males and mean MFI values of 2.16 and 2.03, respectively. For FAB classification,
significant variation is observed in the T-bet levels for M1, M4, and M5b subtypes compared
to M2, with M1 showing higher median values (2.4). The p-values indicate statistically
significant differences for FAB subtypes (T-bet: <0.001).
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Figure 4. The significant correlations between T-bet+ RORγt+ CD4+ T lymphocytes % and clinical
parameters in AML patients. A significant negative correlation is observed between T-bet+ RORγt+

CD4+ T lymphocytes % and age (p = 0.019) as well as Hb levels (p = 0.016), and a highly significant
negative correlation with TLC (p = 0.008). Furthermore, a highly significant positive correlation is
found between T-bet+ RORγt+ CD4+ T lymphocytes % and BM blasts % (p < 0.001).

Table 8. Relation between T-bet+CD4+T lymphocytes % and T-bet MFI with the other studied
parameters in AML patient group.

T-bet
p-Value

T-bet MFI
p-Value

Median (IQR) Range Mean ± SD Range

Gender
Female 2.5 (1–5.8) 0.1–6

0.492
2.16 ± 0.67 1–3.4

0.508
Male 1.9 (0.7–5) 0.1–10 2.03 ± 0.92 0.7–5.1

FAB

M1 2.4 (2–6) a 1.8–6

<0.001

2.21 ± 0.73 1.4–3.4

0.150
M2 0.2 (0.2–0.2) b 0.1–0.8 1.75 ± 0.46 0.7–2.1

M4 2.5 (1–6) a 0.7–10 2.28 ± 1.13 1–5.1

M5b 2.35 (1.3–5.8) a 0.1–6 1.88 ± 0.49 1.3–2.8

Post hoc analysis: Different small superscript letters indicate significant differences between groups.

RORγt+CD4+ T cells % and RORγt MFI show significant differences across various
groups, particularly in FAB classification. FAB M1 displays the highest RORγt+CD4+ T cell
% and MFI, with substantial variations across all categories (Table 9 and Figure 5).

Table 9. Relation between RORγt+CD4+ T lymphocyte % and RORγt MFI with the other studied
parameters in the AML patient group.

RORγt
p-Value

RORγt MFI
p-Value

Median (IQR) Range Mean ± SD Range

Gender
Female 11.1 (4.3–31) 1–34

0.571
1.31 ± 0.52 0.4–2.2

0.601
Male 9.7 (4.1–21) 0.5–45 1.23 ± 0.73 0.3–3

FAB

M1 20 (9.7–33) a 8.2–34

0.018

1.74 ± 0.67 a 0.9–3

0.001
M2 12.9 (5–21) b 0.5–23 0.96 ± 0.52 b 0.3–1.8

M4 4.3 (4–25) b 1–35.3 1.17 ± 0.69 b 0.4–2.7

M5b 7.05 (1.6–9.3) b 1.6–45 1.07 ± 0.35 b 0.4–1.5

Post hoc analysis: Different small superscript letters indicate significant differences between groups.
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Figure 5. RORγt+ CD4+ T lymphocytes % and RORγt MFI in FAB studied groups: RORγt+ CD4+

T lymphocytes percentage is significantly higher in M1 AML than in other studied FAB groups
(p = 0.018). RORγt MFI is significantly higher in M1 AML than in other FAB groups (p < 0.001).

FOXP3+CD25+CD4+ cell percentage and FOXP3 MFI values vary across genders and
FAB groups, with no significant differences between males and females for either measure.
The M1 FAB group shows higher FOXP3 MFI than others but no significant difference
(p = 0.071) (Table 10).

Table 10. Relation between FOXP3+CD25+CD4+ T lymphocytes% and FOXP3 MFI with the other
studied parameters in AML patient group.

FOXP3+ %
p-Value

FOXP3 MFI
p-Value

Median (IQR) Range Mean ± SD Range

Gender
Female 59.5 (38–69) 10.6–87

0.709
2.20 ± 0.85 1.1–4

0.219
Male 55 (40–72) 3.6–85 1.91 ± 1.12 0.8–5

FAB

M1 59 (10–77) 5–80

0.519

2.39 ± 1.13 0.8–4

0.071
M2 54.1 (40–66) 38–66 1.47 ± 0.39 1–1.9

M4 60 (44.17–7) 3.6–87 1.94 ± 0.79 1.2–3.9

M5b 55 (45–72) 10.6–73 2.12 ± 1.38 1.1–5

RORγt and T-bet co-expression levels vary significantly across FAB subtypes and
survival rates, while gender differences are not statistically significant (p = 0.182). Among
FAB subtypes, M1 exhibits the highest expression (6.0 median), whereas M2, M4, and M5b
show significantly lower values (p < 0.001) (Table 11 and Figure 6).

Table 11. Relation between T-bet+RORγt+CD4+ T lymphocyte percentage with the other studied
parameters in the AML patient group.

Co-Expression RORγt & T-BET
p-Value

Median (IQR) Range

Gender
Female 3.75 (0.1–5.5) 0.1–10

0.182
Male 0.8 (0.1–2.7) 0–12.6

FAB

M1 6 (3.5–10) a 1–10

<0.001
M2 0.2 (0.1–0.5) b 0.1–2.7

M4 0.5 (0.1–4) b 0–12.6

M5b 0.5 (0.1–1) b 0–5.5

Post hoc analysis: Different small superscript letters indicate significant differences between groups.
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Figure 6. CD4+ T lymphocytes co-expressing T-bet and RORγt in studied FAB groups: A highly
significant increase in CD4+ T lymphocytes co-expressing T-bet and RORγt is observed in M1 AML
compared to other studied FAB groups (p < 0.001).

Significant correlations were observed among FOXP3, RORγt, and T-bet expression
and their median fluorescence intensity (MFI). FOXP3 MFI showed a strong positive
correlation with FOXP3 % (r = 0.642, p < 0.001) and T-bet MFI (r = 0.503, p < 0.001). RORγt
% correlated significantly with RORγt MFI (r = 0.537, p < 0.001) and T-bet MFI (r = 0.411,
p < 0.001), indicating potential interplay in immune regulation. Co-expression of RORγt
and T-bet % was significantly associated with all measured markers, particularly FOXP3
MFI (r = 0.586, p < 0.001) and RORγt % (r = 0.565, p < 0.001). These findings suggest a
complex regulatory network among FOXP3, RORγt, and T-bet in immune modulation
(Table 12 and Figure 7).

Table 12. Correlation analysis of FOXP3, RORγt, T-bet expression, and median fluorescence inten-
sity (MFI).

FOXP3 % FOXP3 MFI RORγt % RORγt MFI T-bet % T-bet MFI

r p-Value r p-Value r p-Value R p-Value r p-Value r p-Value

FOXP3 MFI 0.642 ** <0.001

ROR gamma T % 0.208 0.065 0.533
** <0.001

ROR gamma T
MFI 0.078 0.493 0.420

** <0.001 0.537
** <0.001

T-bet % 0.258 * 0.021 0.340
** 0.002 −0.053 0.638 0.148 0.191

T-bet MFI 0.515 ** <0.001 0.503
** <0.001 0.411

** <0.001 0.343
** 0.002 0.238

* 0.034

Co-expression
RORγt
& T-bet %

0.399 ** <0.001 0.586
** <0.001 0.565

** <0.001 0.411
** <0.001 0.537

** <0.001 0.308
** 0.005

Spearman correlation coefficients: * significant ** highly significant.

T-bet, RORγt, and FOXP3 expression profiles in CD4+ T lymphocytes from AML
patients and control subjects were analyzed (Figure 8). Significant differences in the
distribution and expression levels between AML patients and controls were observed.
These results suggest immune modulation alterations in AML that could impact disease
progression and therapeutic targeting.
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Figure 7. The correlation analysis in AML patients reveals highly significant positive relationships 
between FOXP3, RORγt, and T-bet expression levels and their median fluorescence intensity (MFI). 
FOXP3+CD25+CD4+ T lymphocytes % show strong correlations with FOXP3 MFI, T-bet+CD4+ T 
lymphocytes %, T-bet MFI, and RORγt+Tbet+CD4+ T lymphocytes % (p < 0.001), indicating a 
potential regulatory link between these markers. Similarly, FOXP3 MFI is significantly correlated 
with RORγt+CD4+ T lymphocytes %, RORγt MFI, T-bet+CD4+ T lymphocytes %, T-bet MFI, and 
RORγt+Tbet+CD4+ T lymphocytes % (p < 0.001). Additionally, RORγt+CD4+ T lymphocytes % and 
RORγt MFI exhibit strong correlations with T-bet MFI and RORγt+Tbet+CD4+ T lymphocytes %, 
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patients and control subjects were analyzed (Figure 8). Significant differences in the 
distribution and expression levels between AML patients and controls were observed. 
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Figure 7. The correlation analysis in AML patients reveals highly significant positive relationships
between FOXP3, RORγt, and T-bet expression levels and their median fluorescence intensity (MFI).
FOXP3+CD25+CD4+ T lymphocytes % show strong correlations with FOXP3 MFI, T-bet+CD4+

T lymphocytes %, T-bet MFI, and RORγt+Tbet+CD4+ T lymphocytes % (p < 0.001), indicating a
potential regulatory link between these markers. Similarly, FOXP3 MFI is significantly correlated
with RORγt+CD4+ T lymphocytes %, RORγt MFI, T-bet+CD4+ T lymphocytes %, T-bet MFI, and
RORγt+Tbet+CD4+ T lymphocytes % (p < 0.001). Additionally, RORγt+CD4+ T lymphocytes % and
RORγt MFI exhibit strong correlations with T-bet MFI and RORγt+Tbet+CD4+ T lymphocytes %,
reinforcing their interplay in immune modulation. T-bet+CD4+ T lymphocytes % and T-bet MFI are
also positively correlated with RORγt+Tbet+CD4+ T lymphocytes %, emphasizing their combined
role in AML immune response regulation (p < 0.001). These findings highlight the interconnected
regulation of FOXP3, RORγt, and T-bet in AML patients, suggesting potential implications for disease
progression and therapeutic targeting.
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Figure 8. The expression of T-bet, RORγt, and FOXP3 in CD4+ T lymphocytes from AML patients and
control subjects using dot plots and histograms. Red population gated on CD3+ CD4+ T lymphocytes
while purple population gated on CD3+ CD4+ CD25+ T lymphocytes. (A) shows a dot plot of
T-bet and RORγt expression in AML patients, indicating the proportion of different populations.
(B) presents a dot plot of T-bet and RORγt expression in control subjects, demonstrating a different
distribution. (C) displays a dot plot of CD25 and T-bet expression in AML patients. (D) shows the
histogram of T-bet intensity in control subjects, providing a comparison. (E) shows the histogram of
RORγt intensity in AML patients, highlighting its expression profile. (F) provides the histogram of
RORγt intensity in control subjects for comparison. (G) illustrates a dot plot of FOXP3 expression
in CD4+ CD25+ T lymphocytes in AML patients, highlighting regulatory T cells. (H) shows the
histogram of FOXP3 expression intensity in AML patients’ CD4+ CD25+ T lymphocytes. (I) presents
the histogram of FOXP3 expression in control subjects’ CD4+ CD25+ T lymphocytes, providing a
baseline for comparison.



Cells 2025, 14, 528 15 of 19

4. Discussion
Acute myeloid leukemia (AML) is a serious hematological stem cell neoplasm with

diverse genetic aberrations, phenotype, clinical presentation, and response to therapy [17].
The immune system anomalies play important roles in the process of leukemogenesis.
However, the immunopathological factors, including the abnormal T helper (Th) subsets,
leading to the initiation and progression of this serious neoplasm, need a lot of studies to
be well understood [18,19].

T-bet is a master transcription factor of Th1 cells that aids the elimination of malignant
cells by activating macrophages in a IFNγ dependent way [20]. Retinoic acid-related
Orphan nuclear receptor gamma t (RORγt) is a transcription factor critical for initiating and
maintaining the Th17 cell lineage and regulating the differentiation of the Th17 subset [21].
Regulatory T cells, a subgroup of CD4+ T cells, are characterized by positivity for CD4,
CD25, and FOXP3 [22].

In the present study, we evaluated the expression patterns of some CD4+ T lymphocyte
transcription factors (T-bet, RORγt, and FOXP3) that regulate Th1, Th17, and Treg in the
BM of de novo AML cases. The expression patterns include the frequency of CD4+ T
lymphocytes expressing the marker percent and intensity of marker expression (MFI) in
the immune cells of the AML bone marrow microenvironment.

The present study revealed a statistically significant increase in the TLC and BM blasts
% and a statistically significant decrease in platelet count and hemoglobin level in the
AML group. These results are primarily due to increased blast cell infiltration in the bone
marrow with dissemination in the peripheral blood and impaired hematopoiesis with
displacement of normal blood cell formation by malignant blasts. Previous studies reported
the presence of leukocytosis in AML patients [23], and AML should be suspected in anyone
with unexplained cytopenias (decreased cell count of white blood cells, hemoglobin, or
platelets), the presence of circulating blast cells in the peripheral blood, easy bruising or
bleeding, as well as recurrent infections [17].

Further, we compared CD4+ T lymphocyte positive % and MFI of the studied markers
in the bone marrow microenvironment in the AML and control group. A statistically
significant increase of T-bet MFI, RORγt +CD4+cells %, and FOXP3+ CD25+ CD4+ cells %,
along with a statistically significant decrease of FOXP3 MFI in the AML group was observed.
These results indicate that there is an upshift of RORγt +CD4+cells % and FOXP3+ CD25+

CD4+ T cells, which are under the control of cell recruitment and activation mechanisms in
AML. Also, there is an upshift of T-bet but a downshift of FOXP3 intensities of power (MFI)
that are under the control of their specific gene expression machinery. On the other hand,
there is no change in the T-bet+ CD4+ T cell frequency or RORγt power intensity in AML.
The frequency of the cells expressing a marker is different and separate from the specific
marker expression intensity; hence, they have other effects on the pathogenesis of AML.

We may suggest that there is an impact of these shifted frequencies of CD4+ T lym-
phocytes positive to the mentioned transcription markers and the shifted power of the
marker expression in the pathogenesis of AML. The highly increased T-bet MFI, RORγt+

CD4+cells %, and the significant decrease of FOXP3 MFI suggest a state of inflammation
reaction, while the highly significant increased FOXP3+ CD25+ CD4+ cells % may indicate
an associated immunosuppression status. Both inflammations associated with immuno-
suppression may suggest a sophisticated deviated immunological status that may have an
impact on the pathogenesis of AML.

In line with our results, [5] concluded that the immunosuppressive state that allowed
the occurrence of AML is mostly the result of the increased Treg (FOXP3+ CD25+ CD4+) T
cells’ frequency. However, they reported a decrease in regarding Th1 (IFNγ+ CD4+) and
Th17 (IL17+ CD4+) T cells. This conflict may be due to different markers used in detecting
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these cells in their study other than the markers used in detecting these cells in our research
(Tbet+ CD4+ for Th1 and RORγt+ CD4+ for Th17).

Meanwhile, Wang, Hu [24] mentioned that the percentage of circulating Th1 cells was
significantly decreased in newly diagnosed AML patients compared with controls; Th17
cells were significantly increased in newly diagnosed patients compared with controls.

Our results regarding the percentage of RORγt+ CD4+ T cells representing Th17 align
with Abousamra, Salah El-Din [25] and Han, Ye [26]. Both studies stated the increase in the
percentage of Th17 in AML. However, they disagreed on whether Th17 in AML was a good
or bad prognostic parameter, where [25] stated that Th17 increases overall survival. At the
same time, [26] considered the increase of Th17 percent to be a poor prognostic factor. Th17
cells, among other cell types, are increased in AML patients, as stated by [27].

Our data indicated a significant decrease in the T-bet+ CD4+ T lymphocyte frequency
and T-bet intensity of expression, and this may highlight the relatively deficient immune
response with an increase in age. The steady decline in the production of fresh, naïve T
cells, more restricted T cell receptor (TCR) repertoire, and weak activation of T cells are
some of the effects of aging [28].

The highly significant positive correlation of T-bet+ CD4+ T lymphocytes % with
platelet count may indicate an impact of these cells on thrombopoiesis and, hence, blood
platelets and/or an impact of platelets on these cells. The platelets’ concentration de-
pendently enhanced IFNγ production by CD4+ T cells but attenuated their proliferation.
Platelets enhanced the production of IL-10 and cytokines characteristic for type 1 T helper
(Th1) (IFNγ/TNFα) and Th17 (IL-17) cells [29].

The correlation between RORγt+ CD4+ T cells % and RORγt MFI with age and hema-
tological parameters was assessed. Although RORγt+ CD4+ T cells % showed a non-
significant negative correlation with age, RORγt MFI showed a highly significant negative
correlation with the increase of age. It was previously reported [30] that there is a sig-
nificant decrease in the frequency of Th17 cells in the elderly. They explained a possible
mechanism for this decrease is reduced expression of the transcription factor RORγt that
is essentially involved in promoting IL-17 production. Furthermore, IL-17 significantly
alters erythropoiesis by modifying erythroid progenitor cell frequencies, stimulating BFU-E,
and suppressing CFU-E in the bone marrow and spleen. This led to increased peripheral
blood CFU-E and reticulocytosis, indicating effective erythropoiesis and mobilization of
progenitors [31].

Our results demonstrate a negative correlation between Treg (FOXP3+ CD25+ CD4+

T cells) frequency and FOXP3 MFI with age and a positive impact of Treg frequency
on thrombopoiesis. At the same time, FOXP3 intensity negatively affects leucopoiesis,
potentially contributing to deficient immunity and recurrent infections in AML patients.
These findings align with increasing evidence showing Treg dysfunction in aged patients,
suggesting that immune therapies targeting Tregs could benefit diseases like cancer and
autoimmune disorders [32]. Moreover, Foxp3 is essential for proper megakaryopoiesis and
platelet function, including platelet spreading and release [33], further highlighting the role
of Tregs in regulating immune and hematological processes.

The present study shows a correlation between the frequency of CD4+ T lymphocytes
expressing both T-bet and RORγt transcription markers with age and hematological pa-
rameters, suggesting a negative effect of age on these cells and their significant negative
impact on leucopoiesis and erythropoiesis, contributing to leukemia-associated anemia
and recurrent infections. Furthermore, the positive correlation with bone marrow blasts
may implicate these cells in the leukemogenesis process, indicating the plasticity of CD4+

T cells in AML. While no reports on this specific finding in AML have been identified,
T-bet+ RORγt+ Th17 cells have been observed in autoimmune diseases, as highlighted
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by [34], where they show plasticity in differentiation and are present in lesional tissue in
diseases such as multiple sclerosis and EAE, underscoring the complex nature of Th17 cell
lineage specification.

Our study explored the correlation between the frequency (%) and intensity (MFI) of T-
bet+ CD4+ T lymphocytes and RORγt+ CD4+ T lymphocytes with FAB classification in AML
patients. We observed a statistically significant decrease in T-bet+ CD4+ T lymphocytes’
frequency in M2 AML compared to other FAB groups. This can be due to RUNX1-RUNX1T1
disrupting MHC class II expression on leukemic blasts and dendritic cells impairing CD4+
T cell activation and TH1 priming [35]. At the same time, M1 AML showed a significant
increase in RORγt+ CD4+ T lymphocyte frequency and RORγt intensity, with a highly
significant increase in CD4+ T lymphocytes co-expressing T-bet and RORγt. These markers
may predict specific FAB classifications, a finding not previously reported in the literature
on AML.

In our study, we observed highly significant positive correlations between the ex-
pression and intensity (MFI) of the three studied transcription factors (T-bet, RORγt, and
FOXP3), indicating a mutually reinforcing effect on each other’s expression. This suggests
that these transcription factors may influence each other through autocrine or paracrine
mechanisms, direct cell-to-cell interactions, related cytokine activity, or coordinated sys-
temic immune responses. These findings align with the concept presented by Uhl and
Gérard [36], who emphasized the importance of coordinated immune responses at a sys-
temic level, where cellular communication plays a crucial role in maintaining pathogen
control and self-tolerance. Disruptions in this intercellular communication could potentially
lead to immunopathology or autoimmunity, which could also be relevant in the context
of AML.

Comparing our findings with [5], who found a positive correlation between Th1 and
Th17 cells in newly diagnosed (ND) AML patients, we suggest that similar functional
synergism may occur between T-bet and RORγt in AML. This synergy could arise from an
immunosuppressive environment, where increased Tregs, dysfunctional NK cells, impaired
dendritic cell function, and elevated immunoinhibitory molecules result in immune evasion
by the malignant clone. Our data support this hypothesis, as we observed a positive
correlation between Treg frequency and relapsed or deceased AML patients, reinforcing
the potential role of Tregs in immune suppression within the AML microenvironment.

Additionally, Wang, Hu [24] highlighted the role of TNF-α secreted by Th17 cells in
promoting Treg frequency via the TNF-α-TNFR2 pathway in AML. This finding resonates
with our results, suggesting that the mutual upregulation of these transcription factors
may be part of a feedback loop that facilitates the persistence of immune dysfunction in
AML. Overall, our study complements and extends the existing literature on the complex
interactions between T-bet, RORγt, and FOXP3 in AML, proposing a possible mechanism
by which these transcription factors influence disease progression and immune evasion.

5. Conclusions
The observed correlations between T-bet, RORγt, and FOXP3 expression in CD4+

T lymphocytes provide critical insights into the immune dysregulation within the bone
marrow microenvironment of AML. These findings highlight a potential shift toward
inflammation and immunosuppression, contributing to AML pathogenesis and disease
progression. Age-related changes in T lymphocyte subsets and the plasticity of CD4+

T lymphocytes further emphasize the complexity of immune responses in AML. The
significant impact of T-bet+ and T-bet+ RORγt+ CD4+ T lymphocytes, as well as RORγt MFI,
on bone marrow blast infiltration, thrombopoiesis, and AML-associated anemia, suggests
their potential as valuable biomarkers for disease prognosis and therapy. Additionally, the
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negative correlation of these markers with TLC reflects the underlying immunosuppressive
state in AML patients. Increased expression of T-bet and RORγt, along with specific
cutoff points for FOXP3 and RORγt frequencies, presents promising predictive markers
for AML diagnosis and progression, offering new avenues for clinical monitoring. These
results deepen our understanding of AML immunopathogenesis and pave the way for
targeted immune-based therapies and early interventions, ultimately benefiting the field
by improving patient outcomes and therapeutic strategies.

Author Contributions: A.M.M.M.E.-D., B.A., E.Z.K. and H.S. conducted the experimental work;
B.A.A., E.Z.K., D.M.A., L.A.A.R., B.A. and H.S. conceptualized the idea, supervised the work, and
wrote the first draft; A.M.M.M.E.-D., B.A., E.Z.K. and H.S. were involved in all steps of the study. All
authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the Institutional Review Board (or Ethics Committee) of the Institu-
tional Review Board of the National Cancer Institute (IRB-NCI) (2106-303-022 and date of approval
13 June 2021).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: All data generated in this study are presented in the current MS.

Conflicts of Interest: The authors declare no conflicts of interests.

References
1. Hao, T.; Li-Talley, M.; Buck, A.; Chen, W. An emerging trend of rapid increase of leukemia but not all cancers in the aging

population in the United States. Sci. Rep. 2019, 9, 12070. [CrossRef]
2. Zhou, Y.; Huang, G.; Cai, X.; Liu, Y.; Qian, B.; Li, D. Global, regional, and national burden of acute myeloid leukemia, 1990-2021:

A systematic analysis for the global burden of disease study 2021. Biomark Res. 2024, 12, 101. [CrossRef]
3. Döhner, H.; Wei, A.H.; Appelbaum, F.R.; Craddock, C.; DiNardo, C.D.; Dombret, H.; Ebert, B.L.; Fenaux, P.; Godley, L.A.;

Hasserjian, R.P.; et al. Diagnosis and management of AML in adults: 2022 recommendations from an international expert panel
on behalf of the ELN. Blood 2022, 140, 1345–1377. [CrossRef]

4. Cook, E.K.; Izukawa, T.; Young, S.; Rosen, G.; Jamali, M.; Zhang, L.; Johnson, D.; Bain, E.; Hilland, J.; Ferrone, C.K.; et al.
Comorbid and inflammatory characteristics of genetic subtypes of clonal hematopoiesis. Blood Adv. 2019, 3, 2482–2486. [CrossRef]
[PubMed]

5. Tian, T.; Yu, S.; Liu, L.; Xue, F.; Yuan, C.; Wang, M.; Ji, C.; Ma, D. The Profile of T Helper Subsets in Bone Marrow Microenvironment
Is Distinct for Different Stages of Acute Myeloid Leukemia Patients and Chemotherapy Partly Ameliorates These Variations.
PLoS ONE 2015, 10, e0131761. [CrossRef]

6. Singh, S.K.; Singh, R. Nanotherapy: Targeting the tumour microenvironment. Nat. Rev. Cancer 2022, 22, 258. [CrossRef]
7. Liu, H.; Dong, A.; Rasteh, A.M.; Wang, P.; Weng, J. Identification of the novel exhausted T cell CD8 + markers in breast cancer. Sci.

Rep. 2024, 14, 19142. [CrossRef]
8. Ustun, C.; Miller, J.S.; Munn, D.H.; Weisdorf, D.J.; Blazar, B.R. Regulatory T cells in acute myelogenous leukemia: Is it time for

immunomodulation? Blood 2011, 118, 5084–5095. [CrossRef]
9. Frafjord, A.; Buer, L.; Hammarström, C.; Aamodt, H.; Woldbæk, P.R.; Brustugun, O.T.; Helland, Å.; Øynebråten, I.; Corthay, A.

The Immune Landscape of Human Primary Lung Tumors Is Th2 Skewed. Front. Immunol. 2021, 12, 764596. [CrossRef]
10. Wang, X.; Zheng, J.; Liu, J.; Yao, J.; He, Y.; Li, X.; Yu, J.; Yang, J.; Liu, Z.; Huang, S. Increased population of CD4(+)CD25(high),

regulatory T cells with their higher apoptotic and proliferating status in peripheral blood of acute myeloid leukemia patients. Eur.
J. Haematol. 2005, 75, 468–476. [CrossRef]

11. Dorfman, D.M.; Hwang, E.S.; Shahsafaei, A.; Glimcher, L.H. T-bet, a T cell-associated transcription factor, is expressed in
Hodgkin’s lymphoma. Hum. Pathol. 2005, 36, 10–15. [CrossRef] [PubMed]

12. Cortes-Perez, N.G.; Lozano-Ojalvo, D.; Maiga, M.A.; Hazebrouck, S.; Adel-Patient, K. Intragastric administration of Lactobacillus
casei BL23 induces regulatory FoxP3+RORγt+ T cells subset in mice. Benef. Microbes 2017, 8, 433–438. [CrossRef]

13. Wierz, M.; Pierson, S.; Guyonnet, L.; Viry, E.; Lequeux, A.; Oudin, A.; Niclou, S.P.; Ollert, M.; Berchem, G.; Janji, B.; et al. Dual
PD1/LAG3 immune checkpoint blockade limits tumor development in a murine model of chronic lymphocytic leukemia. Blood
2018, 131, 1617–1621. [CrossRef]

https://doi.org/10.1038/s41598-019-48445-1
https://doi.org/10.1186/s40364-024-00649-y
https://doi.org/10.1182/blood.2022016867
https://doi.org/10.1182/bloodadvances.2018024729
https://www.ncbi.nlm.nih.gov/pubmed/31434682
https://doi.org/10.1371/journal.pone.0131761
https://doi.org/10.1038/s41568-022-00461-6
https://doi.org/10.1038/s41598-024-70184-1
https://doi.org/10.1182/blood-2011-07-365817
https://doi.org/10.3389/fimmu.2021.764596
https://doi.org/10.1111/j.1600-0609.2005.00537.x
https://doi.org/10.1016/j.humpath.2004.10.006
https://www.ncbi.nlm.nih.gov/pubmed/15712176
https://doi.org/10.3920/BM2016.0174
https://doi.org/10.1182/blood-2017-06-792267


Cells 2025, 14, 528 19 of 19

14. Tesmer, L.A.; Lundy, S.K.; Sarkar, S.; Fox, D.A. Th17 cells in human disease. Immunol. Rev. 2008, 223, 87–113. [CrossRef] [PubMed]
15. Wu, C.; Wang, S.; Wang, F.; Chen, Q.; Peng, S.; Zhang, Y.; Qian, J.; Jin, J.; Xu, H. Increased frequencies of T helper type 17 cells in

the peripheral blood of patients with acute myeloid leukaemia. Clin. Exp. Immunol. 2009, 158, 199–204. [CrossRef] [PubMed]
16. Arber, D.A.; Orazi, A.; Hasserjian, R.; Thiele, J.; Borowitz, M.J.; Le Beau, M.M.; Bloomfield, C.D.; Cazzola, M.; Vardiman, J.W.

The 2016 revision to the World Health Organization classification of myeloid neoplasms and acute leukemia. Blood 2016, 127,
2391–2405. [CrossRef]

17. Pelcovits, A.; Niroula, R. Acute Myeloid Leukemia: A Review. R I Med. J. 2020, 103, 38–40.
18. Huang, S.; Zhao, Y.; Lai, W.; Tan, J.; Zheng, X.; Zha, X.; Li, Y.; Chen, S. Higher PD-1/Tim-3 expression on IFN-γ+ T cells is

associated with poor prognosis in patients with acute myeloid leukemia. Cancer Biol. Ther. 2023, 24, 2278229. [CrossRef]
19. Zhu, G.; Lang, W.; Fu, W.; Xu, L.; Cai, J.; Zhong, H. Single-cell sequencing unveils T-cell characteristic in acute myeloid leukemia.

Int. Immunopharmacol. 2024, 132, 111927. [CrossRef]
20. Kallies, A.; Good-Jacobson, K.L. Transcription Factor T-bet Orchestrates Lineage Development and Function in the Immune

System. Trends Immunol. 2017, 38, 287–297. [CrossRef]
21. Zhang, Y.; Luo, X.Y.; Wu, D.H.; Xu, Y. ROR nuclear receptors: Structures, related diseases, and drug discovery. Acta Pharmacol.

Sin. 2015, 36, 71–87. [CrossRef] [PubMed]
22. Funes, S.C.; Mansilla, M.A.; Canedo-Marroquín, G.; Lay, M.K.; Riedel, C.A.; Kalergis, A.M. Role of Regulatory T Cells in Infection

and Vaccination During Early Infancy. Curr. Pharm. Des. 2018, 24, 3495–3505. [CrossRef] [PubMed]
23. Preethi, C.R. Clinico-hematological study of acutemyeloid leukemias. J. Clin. Diagn. Res. 2014, 8, Fc14–Fc17. [CrossRef]
24. Wang, T.; Hu, Y.; Wangkahart, E.; Liu, F.; Wang, A.; Zahran, E.; Maisey, K.R.; Liu, M.; Xu, Q.; Imarai, M.; et al. Interleukin (IL)-2 Is

a Key Regulator of T Helper 1 and T Helper 2 Cytokine Expression in Fish: Functional Characterization of Two Divergent IL2
Paralogs in Salmonids. Front. Immunol. 2018, 9, 1683. [CrossRef]

25. Abousamra, N.K.; Salah El-Din, M.; Helal, R. Prognostic value of Th17 cells in acute leukemia. Med. Oncol. 2013, 30, 732.
[CrossRef]

26. Han, Y.; Ye, A.; Bi, L.; Wu, J.; Yu, K.; Zhang, S. Th17 cells and interleukin-17 increase with poor prognosis in patients with acute
myeloid leukemia. Cancer Sci. 2014, 105, 933–942. [CrossRef]

27. Xiang, M.; Guo, L.; Ma, Y.; Li, Y. Expression of Th17 and CD4(+) CD25(+) T regulatory cells in peripheral blood of acute leukemia
patients and their prognostic significance. Pak. J. Pharm. Sci. 2016, 29, 2405–2410.

28. Salam, N.; Rane, S.; Das, R.; Faulkner, M.; Gund, R.; Kandpal, U.; Lewis, V.; Mattoo, H.; Prabhu, S.; Ranganathan, V.; et al. T cell
ageing: Effects of age on development, survival & function. Indian J. Med. Res. 2013, 138, 595–608.

29. Gerdes, N.; Zhu, L.; Ersoy, M.; Hermansson, A.; Hjemdahl, P.; Hu, H.; Hansson, G.K.; Li, N. Platelets regulate CD4+ T-cell
differentiation via multiple chemokines in humans. Thromb. Haemost. 2011, 106, 353–362. [CrossRef]

30. Lee, J.S.; Lee, W.W.; Kim, S.H.; Kang, Y.; Lee, N.; Shin, M.S.; Kang, S.W.; Kang, I. Age-associated alteration in naive and memory
Th17 cell response in humans. Clin. Immunol. 2011, 140, 84–91. [CrossRef]

31. Krstic, A.; Mojsilovic, S.; Jovcic, G.; Bugarski, D. The potential of interleukin-17 to mediate hematopoietic response. Immunol. Res.
2012, 52, 34–41. [CrossRef] [PubMed]

32. Deng, B.; Zhang, W.; Zhu, Y.; Li, Y.; Li, D.; Li, B. FOXP3(+) regulatory T cells and age-related diseases. FEBS J. 2022, 289, 319–335.
[CrossRef] [PubMed]

33. Bernard, J.J.; Seweryniak, K.E.; Koniski, A.D.; Spinelli, S.L.; Blumberg, N.; Francis, C.W.; Taubman, M.B.; Palis, J.; Phipps, R.P.
Foxp3 regulates megakaryopoiesis and platelet function. Arterioscler. Thromb. Vasc. Biol. 2009, 29, 1874–1882. [CrossRef] [PubMed]

34. Ghoreschi, K.; Laurence, A.; Yang, X.P.; Tato, C.M.; McGeachy, M.J.; Konkel, J.E.; Ramos, H.L.; Wei, L.; Davidson, T.S.; Bouladoux,
N.; et al. Generation of pathogenic T(H)17 cells in the absence of TGF-β signalling. Nature 2010, 467, 967–971. [CrossRef]

35. Tonks, A.; Pearn, L.; Musson, M.; Gilkes, A.; Mills, K.I.; Burnett, A.K.; Darley, R.L. Transcriptional dysregulation mediated by
RUNX1-RUNX1T1 in normal human progenitor cells and in acute myeloid leukaemia. Leukemia 2007, 21, 2495–2505. [CrossRef]

36. Uhl, L.F.K.; Gérard, A. Modes of Communication between T Cells and Relevance for Immune Responses. Int. J. Mol. Sci. 2020, 21,
2674. [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/10.1111/j.1600-065X.2008.00628.x
https://www.ncbi.nlm.nih.gov/pubmed/18613831
https://doi.org/10.1111/j.1365-2249.2009.04011.x
https://www.ncbi.nlm.nih.gov/pubmed/19737137
https://doi.org/10.1182/blood-2016-03-643544
https://doi.org/10.1080/15384047.2023.2278229
https://doi.org/10.1016/j.intimp.2024.111927
https://doi.org/10.1016/j.it.2017.02.003
https://doi.org/10.1038/aps.2014.120
https://www.ncbi.nlm.nih.gov/pubmed/25500868
https://doi.org/10.2174/1381612824666180829094315
https://www.ncbi.nlm.nih.gov/pubmed/30156146
https://doi.org/10.7860/jcdr/2014/7854.4298
https://doi.org/10.3389/fimmu.2018.01683
https://doi.org/10.1007/s12032-013-0732-3
https://doi.org/10.1111/cas.12459
https://doi.org/10.1160/th11-01-0020
https://doi.org/10.1016/j.clim.2011.03.018
https://doi.org/10.1007/s12026-012-8276-8
https://www.ncbi.nlm.nih.gov/pubmed/22392050
https://doi.org/10.1111/febs.15743
https://www.ncbi.nlm.nih.gov/pubmed/33529458
https://doi.org/10.1161/ATVBAHA.109.193805
https://www.ncbi.nlm.nih.gov/pubmed/19661482
https://doi.org/10.1038/nature09447
https://doi.org/10.1038/sj.leu.2404961
https://doi.org/10.3390/ijms21082674

	Introduction 
	Subject and Methods 
	Procedures 
	Methods 
	Data Analysis 
	Ethical Approval 

	Results 
	Discussion 
	Conclusions 
	References

