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ABSTRACT

Chronic lymphocytic leukemia (CLL) is the most common leukemia in Western countries. The clinical outcome of CLL is heterogene-
ous and is affected by immunogenic properties. The basic leucine zipper transcription factor (BATF) is a key regulator of Th17 and
TrH cells, and plays an important role in B cell activation. The role of BATF in CLL pathogenesis remains unclear. This study aimed
to evaluate BATF mRNA expression in whole blood and intracellular BATF levels in different lymphocyte subsets of CLL patients and
to investigate their potential association with clinical outcomes. Long-term clinical follow-up data were used to compare BATF levels
between patients who required treatment and those managed without therapy. BATF mRNA expression in whole blood was signifi-
cantly higher in patients than in healthy subjects. Similarly, elevated BATF levels were found in CD19* B, CD3* T, CD3*CD4* T helper,
CD8* T, and TrH cells of CLL patients by flow cytometry. A positive correlation was observed between BATF levels and the count of
CD5+CD19* B-CLL cells. Notably, BATF levels in lymphocytes, CD4*T, CD8* T and TrH cells were lower in CLL patients who required
treatment than the levels in patients who required no treatment. Elevated BATF expression in CLL patients suggests its potential role
in CLL pathogenesis. Reduced levels of BATF in CD8* T cells in patients who required treatment may indicate a reduced cytotoxic
response against malignant cells. These findings might indicate that BATF expression could serve as a potential biomarker for predict-
ing disease progression and treatment necessity in CLL.
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INTRODUCTION

Chronic lymphocytic leukemia (CLL) which is
the most common leukemia in the elderly is char-
acterized by the accumulation of CD19* cells ex-
pressing CD5 in peripheral blood, bone marrow
and lymph nodes."? The clinical outcome of CLL
is highly heterogeneous, ranging from indolent
forms that require no therapy to aggressive disease
with rapid progression.? The genomic, epigenetic,
and immunogenetic properties affect the clinical
outcome of CLL.> Immunoglobulin heavy chain
(IgVH) mutation, CD38 positivity, mutation of
TP53, the presence of chromosomal deletions in
17p and 11q, and increased activation-induced cyt-
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idine deaminase (AID) mRNA level are associated
with disease progression, however, the molecular
pathogenesis of the disease has not yet been elu-
cidated.*® In addition to these genetic alterations,
recent data showed that immune dysregulation
contributes significantly to CLL progression. In
particular, follicular helper T cells (Tru) and Th17
cells were increased in CLL patients and correlated
with some prognostic markers.”®

Basic leucine zipper transcription factor (BATF) is
encoded by the BATF gene on chromosome 14,°
and is a key regulator of Tru and Th17 cell differ-
entiation and function.'®!

doi: 10.4999/uhod.258114 193



International Journal of Hematology and Oncology

Studies in BATF-knockout mice have shown the
absence of Th17 cells and reduced plasma inter-
leukin (IL)-17 levels, underscoring its critical role
in immune cell development.'? BATF expression is
induced by IL-4 and IL-6, and it plays a critical
role in B cell expansion, AID regulation, and iso-
type switching in B cells.!*!* In addition to its well
established functions in Th17 and Tru cells dif-
ferentiation, BATF also contributes to the mainte-
nance of regulatory T cells (Treg) identity, thereby
playing a role in the regulation of immune homeo-
stasis and tolerance."” Aberrant BATF expression
is thought to have a role in the pathogenesis of
autoimmune and malignant diseases, highlighting
the critical function of BATF as a molecular regu-
lator that modulates the balance between immune
activation and tolerance.'®'” Recent studies have
indicated that BATF plays a significant role in the
pathogenesis of hematologic malignancies.'s Aber-
rant BATF expression has been reported to contrib-
ute to the uncontrolled proliferation and survival of
malignant cells in diffuse large B-cell lymphoma
(DLBCL) and acute myeloid leukemia (AML).'>
These findings suggest that dysregulated BATF
activity may serve both as a biomarker and as a
potential therapeutic target in hematologic cancers.
Our previous studies demonstrated elevated AID
expression in CLL patients, which correlated with
chromosomal deletions.*'*> Additionally, we ob-
served increased CD8* T and TrH cells, alongside a
decrease in CD4* T cells. In line with these findings,
recent studies reported that AID, Trx and Th17 cells
have increased in CLL patients.”*** These observa-
tions suggest that BATF, as a common upstream
regulator of these immune processes, may play an
important role in CLL pathogenesis. However, the
role of BATF in CLL pathogenesis has not been
elucidated. In this study, BATF mRNA expression
in whole blood and intracellular BATF levels in T,
B, and Tru cells were evaluated in CLL patients.?
In addition, we analyzed the long-term clinical fol-
low-up data to assess the potential impact of BATF
levels in patients who required treatment versus
those under follow-up without treatment. By elu-
cidating the role of BATF in CLL, this study may
provide new insights into disease progression and
potential biomarkers for predicting treatment ne-
cessity.
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MATERIALS AND METHODS
Study Population

Peripheral blood samples were collected from 34
CLL patients and 15 healthy subjects between Oc-
tober 2015 and February 2016. The CLL patient
group included 24 males (70.6 %) and 10 females
(29.4%), with a median age of 62 (range, 51-84
years) years. The control group consisted of 10
males and 5 females with a median age of 58 (range,
53-68 years) years. All subjects underwent a com-
plete physical examination, no symptoms of acute
or chronic infection were detected. All patients met
the CLL/IW 2008 diagnostic criteria and showed
the characteristic CD5*CD19* immunophenotypic
profile. According to the Binet stage classification,
44% of patients were classified as Binet A (n= 15),
29% as Binet B (n= 10), and 27% as Binet C (n=
9). According to the Rai stage classification, 12%
of patients were in Rai stage 0 (n=4), 42% in Rai
stage 1 (n= 14), 29% in Rai stage 2 (n= 10), 12%
in Rai stage 3 (n=4), and 5% in Rai stage 4 (n=
2). The clinical and cytogenetic features of the pa-
tients are summarized in Table 1.

At the time of blood sampling, none of the patients
were receiving treatment or taking any medication.
None of the patients or healthy controls had any
non-infectious comorbidities at the time of enroll-
ment. Patients were clinically followed up until
October 2024. During the follow-up period, 19 pa-
tients required treatment at different time points,
while the remaining 15 patients remained untreat-
ed. The median starting time of treatment was 17
months (min-max; 1-69 months) (Table 2). The
written informed consent was obtained accord-
ing to the Helsinki Declaration, and the study was
approved by the local ethics committee (Istanbul
University, Istanbul Medical Faculty Ethics Com-
mittee).

RNA Extraction and cDNA Preparation for
Analysis of BATF mRNA Expression

Total RNA was isolated from whole blood using
a QiaAmp RNA Blood Mini Kit (Qiagen, USA).
RNA quality and quantity were checked using
a NanoDrop 2000c (Thermo Fisher Scientific,
Waltham, MA, USA). Samples that did not meet
the quality or quantity criteria were re-isolated.
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Table 1. Clinical and cytogenetic features of the patients
CLL Healthy Control

n 34 15

Sex Male (n) 24 10
Female (n) 10 5

Mean Age, years (min - max) 62 (51 - 84) 58 (53 - 68)

WBC (10%/ml), mean (min - max) 78.2 (5.2 - 226.3)

CD5*CD19* (%), mean (min - max) 66.9 (32.7 - 95.5)

Binet Stage (n) A 15 -
B 10 -
C 9 =

Rai Stage (n) 0 4 -
1 14 -
2 10 -
3 4 -
4 2 -

FISH Abnormalities (n) del13g14 5 =
del11g22.3 8 -
del17p13 1 -
Normal 19 -
Not Performed 6 S

CD38 Status (n)

30 %< CD38 Negative
30% > CD38 Positive

Negative 20 -
Positive 11 -
Not Performed 3 S

Infection No No

Treatment No Treatment 34 =

For cDNA synthesis, 1 ug of total RNA, hexam-
ers (Roche Diagnostics, Mannheim, Germany),
and Moloney murine leukemia virus reverse tran-
scriptase (Thermo Fisher Scientific, Waltham, MA,
USA) were used in accordance with the manufac-
turer’s protocol.

BATF mRNA expressions beside a reference
gene (hypoxanthine phosphoribosyltransferase
1 [HPRT1]) using real-time quantitative reverse
transcription polymerase chain reaction (PCR) on
a Light Cycler 480 II Instrument, with the Real-
Time Ready Universal Probe Library Assay were
analyzed (Roche Diagnostics, Mannheim, Ger-
many). PCR conditions were as follows: Initial de-
naturation at 95°C for 10 min, and then 45 cycles
of denaturation for 10 seconds (s) at 95°C, anneal-
ing for 30 s at 60°C, and extension for 1 s at 72°C.
Each sample was studied in duplicate. Relative ex-
pressions were calculated in accordance with the
2722 method, based on the mathematical model of
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Livak et al.’” Primer sequences were 5'-GTTCT-
GTTTCTCCAGGTCC-3' (forward) and 5'-GAA-
GAATCGCATCGCTGC-3' (reverse) for BATF,
5’-GACCAGTCAACAGGGGACAT-3’ (forward)
and 5’-GTGTCAATTATATCTTCCACAAT-
CAAG-3’ (reverse) for HPRT1.

The Flow Cytometric Analyses of Lymphocyte
Subsets and Intracellular BATF Levels

The intracellular BATF levels in T and B lympho-
cyte subsets were analyzed using the whole blood
lysis method with two distinct flow cytometry pan-
els. Freshly drawn peripheral whole blood samples
of 100 uL. were labeled with anti-human CD5-PE-
Cy7 (clone L17F12) and anti-human CD19-APC
(clone SJ25C1) for B cell panel or were labeled
as anti-human CD3-PE-Cy7 (clone UCTH1), anti-
human CD4-APC (clone RPA-T4) and anti-human
C-X-C chemokine receptor type 5 (CXCRS)-FITC
(clone J252D4) monoclonal antibodies (mAbs)
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Table 2. The treatment status of patients who were followed
up between 2015-2024

Patient n
Patients who required no treatment 15
Patients who required treatment 19
First Line lbrutinib 2
Endoxan 10
Venetoclax
R-Benda 1
Rituximab alone
R-CHOP 1
Venetoclax

Endoxan + Cyclophosphamide 4

FCR 1
Second Line Ibrutinib 4

Endoxan

Venetoclax 1

R-Benda 2

Rituximab alone 1

R-CHOP

Venetoclax 5

Endoxan + Cyclophosphamide

FCR 1

Third and Later lorutinib 4
Line Endoxan

Venetoclax

R-Benda 1

Rituximab alone

R-CHOP

Venetoclax 1

Endoxan + Cyclophosphamide
FCR

for T cell panel. All mAbs were purchased from
Biolegend (San Jose, CA, USA). After lysing pro-
cess of the erythrocytes, cells were washed with
phosphate-buffered saline (PBS), fixated, and
permeabilized using paraformaldehyde/saponin
solution (Cytofix&Cytoperm Kit, Biolegend, San
Jose, CA), and finally stained with PE-conjugated-
BATF (clone 9B5A13) mAbs for 20 min at room
temperature and analyzed using FACSCalibur
system (BD Bioscience, USA). All mAbs were
purchased from Biolegend (San Jose, CA, USA).
The data were collected on a FACSCalibur system
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p= 0.05

BATF mRNA Expression

CLL HC

Figure 1. BATF mRNA expression in CLL patients and healthy
subjects

(BD Biosciences, USA) and analyzed using the
CellQuest Pro operating system software (BD Bio-
sciences, USA).

Ethical Approval: This sttudy is approved by the
Istanbul University, Istanbul Medical Faculty Eth-
ics Committee; May 02, 2025, No: 09).

Statistical Analysis

The normality of data distribution was assessed us-
ing the Shapiro-Wilk test. The Student’s t-test was
used in the statistical analysis of the independent
and paired groups showing normal distribution.
Nonparametric variables were performed using
the Mann-Whitney U test to analyze associations
in quantitative data. P values less than 0.05 were
considered statistically significant. Pearson’s cor-
relation test was used for correlation analysis. All
statistical analyses were performed using Graph-
PAD Instat version 5.03 (GraphPad Software Inc.,
San Diego, CA, USA).

RESULTS

BATF mRNA Expression in Whole Blood of CLL
Patients

BATF mRNA expression in whole blood was com-
pared between CLL patients and healthy subjects.
The results demonstrated a significant increase in
BATF mRNA expression in whole blood of CLL
patients compared to healthy subjects (p= 0.05)
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Figure 2. Peripheral blood samples were stained with anti-CD5, -CD3, -CD19, and -BATF mAbs. Representative dot-plot analyses
illustrate BATF levels in lymphocytes, CD19* B cells, CD3* T cells, CD3*CD4* T helper cells, CD8* T cells and TrH cells in CLL patients

and healthy subjects.

(Figure 1). However, no significant difference in
BATF expression were observed according to Rai
or Binet clinical staging systems, CD38 positiv-
ity, or cytogenetic status among the patient groups
(data not shown).

Intracellular BATF Levels in T Cell Subsets

Intracellular BATF levels in peripheral blood sam-
ples were analyzed using flow cytometry. Lympho-
cytes were gated based on their forward (FSC) and
side scatter (SSC) characteristics. BATF levels were
analyzed in various immune cell subsets, including
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lymphocytes, CD19* B, CD3* T cells, CD3*CD4*
T helper cells, CD3*CD4- T cells (CD8* T cells),
and CD3*CD4*CXCRS5* Tru cells (Figure 2). The
results showed significantly increased BATF levels
in lymphocytes and CD19* B cells of CLL patients
compared to healthy subjects (p= 0.0013 and p=
0.0011, respectively) (Figure 3). Similarly, BATF
levels were elevated in CD3*T, CD3*CD4* Thelper,
CD8* T cells, and TrH cells in CLL patients com-
pared to healthy subjects (p= 0.0032, p= 0.0154,
p=0.004, and p= 0.0005, respectively) (Figure 3).
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Figure 3. The statistical graphs represent the percentage
of BATF level of CD19* B cells, lymphocytes, CD3* T cells,
CD3*CD4* T helper cells, CD8* T cells, and TrH cells in healthy
subjects and CLL patients.

Correlation Between BATF Levels and CLL Cell
Populations

There was a negative correlation between BATF
levels in CD4* T cells and the count of CD5*CD19*
B-CLL cells (p< 0.0001, R: -0.823), however a
positive correlation was found between BATF level
in CD19* cells and the level of TrH cells (p=0.007,
R: 0.453). Additionally, BATF levels in CD19*
cells were positively correlated with the count
CD5*CD19* B-CLL cells (p= 0.001, R: 0.53). No
statistically significant difference was observed in
BATF levels in CD19*B, CD3* T, CD3*CD4" help-
er T, CD3*CD4 cytotoxic T and TrH cells between
patient groups. Similarly, no significant differ-
ences in BATF levels were detected among patient
groups according to two staging systems.

Long-Term Follow-Up and Treatment Status

Patients were followed for a long-term period
(from 2016 to 2024) to evaluate their treatment
status. While 15 patients did not receive any treat-
ment, while 19 patients underwent treatment with
cyclophosphamide, ibrutinib, endoxan, rituximab,
R-benda, R-CHOP, FCR or venotoclax at different
time points after blood sample collection (Table 2).
To evaluate the potential role of BATF levels as a
biomarker for determining the initiation of treat-
ment in the long term, patients were divided into
two groups based on whether they received treat-
ment.

198

B8 Patients who
required treatment

EAPatients who
required no treatment

Figure 4. The comparison of CD4* T cells in CD3* T cells,
CD8* T cells in CD3* T cells, BATF levels of lymphocytes,
CD3*CD4* T helper cells, CD8* T cells, and TrH cells between
patients who required treatment or those who did not.

Relationship Between T Cell Subsets and
Treatment Requirement

In this study, CD4* T helper, CD8* cytotoxic T and
Tru cells were reanalyzed according to treatment
status. CLL patients who required treatment had
reduced CD4* T helper and elevated CD8* cyto-
toxic T cells in T cells compared with the patients
who required no treatment (p=0.002 and p=0.002,
respectively) (Figure 4). No statistically significant
difference was found in TrH and CD5*CD19* B
cells in patient groups in accordance with the treat-
ment status. However, Tru cells was positively cor-
related with CD5*CD19* B cells in patients who
required treatment (p= 0.001, R: 0.701). Lower
BATF levels were found in lymphocytes, CD4* T
helper, CD8* cytotoxic T and Tr, cells in patients
who required treatment than the levels in patients
who required no treatment (p= 0.03, p= 0.01, p=
0.03, and p= 0.04, respectively) (Figure 4).

DISCUSSION

BATF is a transcription factor which is predomi-
nantly expressed in T and B lymphocytes, and has
a role in differentiation of CD4* T cells, Tru cells,
effector CD8* T cells, adipose resident regulatory T
cells, and also B cell for class switching by directly
inducing the expression of AID, IL-21, IL-17 and
miR-155.142832 Some cells and molecules affected
by BATF are known to play a role in the patho-
genesis of CLL. Recent studies have demonstrated
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that CLL patients exhibit increased expression of
IL-17, AID, and miR-155, as well as higher pro-
portions of Th17 and Tru cells.”*33 However, the
studies on BATF in CLL patients are limited. Mit-
tal et al. analyzed the gene expression profiling of
purified CLL cells and showed the increased BATF
mRNA expression in CLL patients using microar-
ray methods.*> BATF mRNA expression was also
shown to have elevated in CLL cell line.** Simi-
larly, higher BATF mRNA expression in whole
blood of CLL patients were also found compared
to the levels in healthy subjects in this study. Addi-
tionally, higher BATF levels in B, T, and Tru cells
of CLL patients was observed in flow cytometry
in this present study. Given that BATF regulates
the expression of numerous genes of malignant B-
CLL cells associated with the pathogenesis of CLL
cells, a positive correlation between BATF levels
and malignant B cells was detected in line with this
data. These findings might suggest that BATF may
be a notable molecule in malignant B-CLL cells.

Chronic lymphocytic leukemia is generally an in-
dolent disease with a longer survival time, leading
to the monitoring of the majority of patients with-
out treatment.! However, in a subset of patients,
treatment indications may develop over time. Pre-
dicting the patients that will require treatment and
identifying the biomarkers that may be useful are
crucial. Based on this information, the clinical fol-
low up of the patients were pursued from 2016 to
2024 after the study. The BATF levels were found
lower in patients who required treatment. The role
of BATF in CD8" cytotoxic T lymphocytes has
not yet been fully understood. Some studies sug-
gest that BATF induces an exhausted phenotype in
CDS8* T lymphocytes, while others suggest that it
promotes an effector memory phenotype.’’* CD8*
T lymphocytes are known to play a primary role in
the response against malignant cells. In our study,
CD3*CD4- cells were determined as CD8* T cells,
we found that BATF levels were lower in the cells
of patients who required treatment. Despite the in-
creased presence of CD8* T cells capable of lysing
malignant B cells in patients requiring treatment,
considering of the studies which suggest BATF as
a possible effector phenotype in CD8* T lympho-
cytes, the lower expression of BATF in these cells
suggests that CD8* T cells may not have differen-
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tiated into an effector phenotype and may remain
rather in an exhausted phenotype. This might have
suggested that CD8* T cells may be insufficient in
lysing malignant B cells, potentially contributing
to the need for initiating treatment in these patients.

Recent studies have shown that increased IL-17
and Th17 levels are significantly correlated with
lower Rai stages and indolent disease phases, and
serum IL-17 levels have been reported to affect the
time of the first treatment.” IL-17 is primarily se-
creted by CD4" helper T cells. We found the BATF
levels in CD4* helper T cells negatively correlated
with CD5*CD19* malignant B cells in our study.
Additionally, higher BATF levels were observed in
CD4* T cells of patients who did not require treat-
ment. Our findings suggest that BATF may pro-
mote the differentiation of CD4* T cells towards
the Th17 lineage, and in line with the literature,
may contribute to delayed treatment initiation by
increasing IL-17 levels.

Our study also has some limitations. Firstly, this
study was conducted with a small patient cohort.
Further studies with larger number of patients with
CLL may allow for identification of the role of
BATF in CLL pathogenesis. Additionally, BATF
mRNA expression was analyzed in whole blood.
In order to better demonstrate the role of BATF in
CLL, BATF mRNA expression may be analyzed
in B or T sorting cells. Recent studies suggest that
the deletion of the Regnase-1 gene, leading to in-
creased levels of BATF, enhances anti-tumor activ-
ity. In addition, it has been reported that BATF, in
collaboration with IRF4, might possess the capac-
ity to steer T cells away from exhaustion-like pro-
gramming.*® Other molecules such as IRF4 which
cooperate with BATF were not analyzed in this
study. Investigation of the molecules that interact
with BATF could provide a deeper understanding
of the role of BATF in CLL.

In conclusion, BATF expression was found to be
elevated in CD19* B, CD4* T, CD8* T and Tra
cells of CLL patients. Additionally, BATF levels
in CD19* B cells were positively correlated with
CD5*CD19* B-CLL cells, suggesting a potential
link between BATF and malignant B cell popu-
lations. The decreased levels of BATF in CD8* T
cells in patients who received treatment might have
been associated with T cell exhaustion, leading to
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a diminished cytotoxic effect of CD8* T cells on
malignant cells. Additionally, the presence of in-
creased CD8" T cell with lower BATF levels in
CLL patients could provide insights into which
patients under long-term follow-up might require
treatment at a later stage. These findings suggest
that BATF could serve as a potential biomarker for
predicting treatment necessity in CLL. Given the
current role of BATF with some molecules asso-
ciated with the pathogenesis of CLL, our findings
provide the impression that BATF might play a
role in CLL biology and could be further investi-
gated as a therapeutic target.

Funding: We would like to express our heartfelt
gratitude to the late Prof. Dr. Melih AKTAN for
his invaluable contribution to this study. This work
was supported by The Scientific and Technologi-
cal Research Council of Turkey (TUBITAK), Grant
number: 2155026 and Scientific Research Projects
Coordination Unit of Istanbul University Project
Number: TDP-2019-32394.

REFERENCES

1. Kikushige Y. Pathogenesis of chronic lymphocytic leukemia
and the development of novel therapeutic strategies. J Clin
Exp Hematop 60: 146-158, 2020.

2. Shadman M. Diagnosis and Treatment of Chronic Lympho-
cytic Leukemia: A Review. JAMA 329: 918-932, 2023.

3. Paul P, Stussi G, Bruscaggin A, Rossi D. Genetics and epige-
netics of CLL. Leuk Lymphoma 64: 551-563, 2023.

4. Yun X, Zhang Y, Wang X. Recent progress of prognostic
biomarkers and risk scoring systems in chronic lymphocytic
leukemia. Biomark Res 8: 40, 2020.

5. Jondreville L, Krzisch D, Chapiro E, Nguyen-Khac F. The
complex karyotype and chronic lymphocytic leukemia: prog-
nostic value and diagnostic recommendations. Am J Hematol
95: 1361-1367, 2020.

6. Oppezzo P, Navarrete M, Chiorazzi N. AID in Chronic lym-
phocytic leukemia: Induction and action during disease pro-
gression. Front Oncol 11: 634383, 2021.

7. Gamal W, Sahakian E, Pinilla-lbarz J. The role of Th17 cells
in chronic lymphocytic leukemia: Friend or foe? Blood Adv 7:
2401-2417, 20283.

8. Gelmez MY, Oktelik FB, Cinar S, et al. High expression of OX-
40, ICOS, and low expression PD-L1 of follicular helper and
follicular cytotoxic T cells in chronic lymphocytic leukemia. J
Hematop 15: 117-129, 2022.

200

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Sopel N, Graser A, Mousset S, Finotto S. The transcription
factor BATF modulates cytokine-mediated responses in T
cells. Cytokine Growth Factor Rev 30: 39-45, 2016.

Ji LS, Sun XH, Zhang X, et al. Mechanism of follicular helper
T cell differentiation regulated by transcription factors. J Im-
munol Res 1826587, 2020.

Pham D, Silberger DJ, Nguyen KN, et al. Batf stabilizes Th17
cell development via impaired Stat5 recruitment of Ets1-
Runx1 complexes. EMBO J 42: 109803, 2023.

Schraml BU, Hildner K, Ise W, et al. The AP-1 transcription
factor Batf controls T(H)17 differentiation. Nature 460: 405-
409, 2009.

Morman RE, Schweickert PG, Konieczny SF, Taparowsky
EJ. BATF regulates the expression of Nfil3, Wnt10a and
miR155hg for efficient induction of antibody class switch re-
combination in mice. Eur J Immunol 48: 1492-1505, 2018.

Ellyard JI, Vinuesa CG. A BATF-ling connection between B
cells and follicular helper T cells. Nat Immunol 12: 519-520,
2011.

Itahashi K, Irie T, Yuda J, et al. BATF epigenetically and tran-
scriptionally controls the activation program of regulatory T
cells in human tumors. Sci Immunol 7: eabk0957, 2022.

Wang X, Hong Y, Zou J, et al. The role of BATF in immune
cell differentiation and autoimmune diseases. Biomark Res
13: 22, 2025.

Titcombe PJ, Silva Morales M, Zhang N, Mueller DL. BATF
represses BIM to sustain tolerant T cells in the periphery. J
Exp Med 220: e20230183, 2023.

Jia C, Ma'Y, Wang M, et al. Evidence of Omics, Immune In-
filtration, and Pharmacogenomics for BATF in a Pan-Cancer
Cohort. Front Mol Biosci 9: 844721, 2022.

Zhao Z, Wang D, Sheng X, et al. Identification and validation
of BATF as a prognostic biomarker and regulator of immune
cell infiltration in acute myeloid leukemia. Front Immunol 15:
1429855, 2024.

Turi M, Anilkkumar Sithara A, Hofmanova L, et al. Transcrip-
tome analysis of diffuse large B-cell lymphoma cells induc-
ibly expressing MyD88 L265P mutation identifies upregulated
CD44, LGALS3, NFKBIZ, and BATF as downstream targets
of oncogenic NF-kappaB signaling. Int J Mol Sci 24: 5623,
20283.

Gelmez MY, Teker AB, Aday AD, et al. Analysis of activation-
induced cytidine deaminase mRNA levels in patients with
chronic lymphocytic leukemia with different cytogenetic sta-
tus. Leuk Lymphoma 55: 326-330, 2014.

Gelmez MY, Coskunpinar E, Saracoglu B, et al. Investigation
of AID, icer, and Drosha expressions in patients with chronic
lymphocytic leukemia. Immunol Invest 46: 433-446, 2017.

Cha Z, Zang Y, Guo H, et al. Association of peripheral CD4+
CXCR5* T cells with chronic lymphocytic leukemia. Tumour
Biol 34: 3579-3585, 2013.

Number: 3 Volume: 35 Year: 2025 UHOD



24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Wu X, Fajardo-Despaigne JE, Zhang C, et al. Altered T Fol-
licular Helper Cell Subsets and Function in Chronic Lympho-
cytic Leukemia. Front Oncol 11: 674492, 2021.

Man S, Henley P. Chronic lymphocytic leukaemia: the role of
T cells in a B cell disease. Br J Haematol 186: 220-233, 2019.

Gelmez MY, Cinar S, Daglar-Aday A, et al. Evaluation of T
lymphocyte subgroups in patients with chronic lymphocytic
leukemia. Turk J Immunol 8: 1-7, 2020.

Livak KJ, Schmittgen TD. Analysis of relative gene expression
data using real-time quantitative PCR and the 2(-Delta Delta
C(T)) Method. Methods 25: 402-408, 2001.

Sahoo A, Alekseev A, Tanaka K, et al. Batf is important for
IL-4 expression in T follicular helper cells. Nat Commun 6:
7997, 2015.

Guler R, Roy S, Suzuki H, Brombacher F. Targeting Batf2 for
infectious diseases and cancer. Oncotarget 6: 26575-26582,
2015.

Betz BC, Jordan-Williams KL, Wang C, et al. Batf coordinates
multiple aspects of B and T cell function required for normal
antibody responses. J Exp Med 207: 933-942, 2010.

Goswami R, Jabeen R, Yagi R, et al. STAT6-dependent regu-
lation of Th9 development. J Immunol 188: 968-975, 2012.

Jabeen R, Goswami R, Awe O, et al. Th9 cell development
requires a BATF-regulated transcriptional network. J Clin In-
vest 123: 4641-4653, 2013.

Yan XJ, Dozmorov |, Li W, et al. Identification of outcome-
correlated cytokine clusters in chronic lymphocytic leukemia.
Blood 118: 5201-5210, 2011.

Vaca AM, loannou N, Sivina M, et al. Activation and expan-
sion of T-follicular helper cells in chronic lymphocytic leukemia
nurselike cell co-cultures. Leukemia 36: 1324-1335, 2022.

Mittal AK, Chaturvedi NK, Rai KJ, et al. Chronic lymphocytic
leukemia cells in a lymph node microenvironment depict mo-
lecular signature associated with an aggressive disease. Mol
Med 20: 290-301, 2014.

Ott CJ, Federation AJ, Schwartz LS, et al. Enhancer architec-
ture and essential core regulatory circuitry of chronic lympho-
cytic leukemia. Cancer Cell 34: 982-995 e7, 2018.

UHOD ~Number: 3 Volume: 35 Year: 2025

International Journal of Hematology and Oncology

37. Li G, Liu Z, Wang Z, Yim WY, Huang Y, Chen Y. BATF and
BATF3 deficiency alters CD8* effector/exhausted T cells bal-
ance in skin transplantation. Mol Med 30: 16, 2024.

38. Boi SK, Lan X, Youngblood B. BATF targets T cell exhaustion
for termination. Nat Immunol 22: 936-938, 2021.

39. Seo H, Gonzalez-Avalos E, Zhang W, et al. BATF and IRF4
cooperate to counter exhaustion in tumor-infiltrating CAR T
cells. Nat Immunol 22: 983-995, 2021.

40. Chen'Y, Zander RA, Wu X, et al. BATF regulates progenitor to
cytolytic effector CD8(+) T cell transition during chronic viral
infection. Nat Immunol 22: 996-1007, 2021.

Correspondence:

Metin Yusuf GELMEZ, PhD

Istanbul Universitesi

Aziz Sancar Deneysel Tip Arastirma Enstitusu
Immunology Bolumu

Vakif Gureba caddesi

34398, ISTANBUL / TURKIYE

Tel: (+90-533) 414 32 16
e-mail: yusufmetin@istanbul.edu.tr

ORCIDs

Metin Yusuf Gelmez 0000-0002-5279-0855
Suzan Cinar 0000-0002-8330-7010
Aynur Daglar-Aday 0000-0001-8072-0646
Gulce Ozcit 0000-0002-9242-7479
Murat Ozbalak 0000-0002-3040-4052
Tugba Usta 0000-0002-5507-8150

Ipek Yonal-Hindilerden
Gunnur Deniz

0000-0003-1353-2367
0000-0002-0721-6213

201



