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ABSTRACT

Monoclonal antibodies targeting CID52 (alemtuzumab) and immune chéckpoint inhibitors
targeting programmed death-ligand 1 (PD-L1, also known as CD274) have shown therapeutic
potential in chronic lymphocytic leukemia (CLL). This study compared sutface expression of CD52
and PD-L1 between treated and untreated patients with CLL.

A total of 67 patients were divided into 2 groups: a treatment group (n=23) comprising patients
currently receiving thefapy or in remission, and a follow-up.group (n=44) consisting of untreated
patients under regular monitoring. After obtaining ethical approval, peripheral blood samples were
collected and analyzed by flow cytometty using monoclonal antibodies against CD5, CD19, CD23,
CD52, and PD-L1.

No statistically significant differences were observed in CD19+, CD23+, or PD-L1 expression
between the 2 groups. However, CD52+ expression was significantly higher in the treatment group
(43.77% vs 25.46%). The treatment group also showed significantly higher CD5+ expression
(85.05% wvs 18.93%), while the CD23+CID52+ population was significantly higher in the follow-up
group (43.30% vs 20.72%).

Higher levels of CD5+ and CD52+ may be associated with treatment requirement in patients
with CLL. These findings are hypothesis-generating and require prospective validation in cohorts
with survival endpoints. We do not claim prognostic equivalence to established markers such as

TP53 disruption.
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INTRODUCTION which have matured morphologic features but immature
immunologic function in blood, bone marrow, and
The accumulation of monoclonal B-lymphocytes, lymphatic tissues, leads to chronic lymphocytic
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leukemia (CLL), the most common type of leukemia in
Western countries.! Although it is more prevalent in
individuals with a mean age of 70 years, it can be seen
in the third decade of life, noting that as age increases,
the risk of CLL increases. While men have a slightly
higher chance for CLL, the female population, on the
other hand, is more susceptible to the aggressive type.>>
Most patients are asymptomatic, but those meeting
International Workshop on Chronic Lymphocytic
Leukemia (iwCLL) criteria need treatment.* Several
factors may affect choosing the proper therapeutic
strategy, including age, staging, toxicity profile,
mutation profile, quality of life, and underlying
diseases.> Chemotherapeutic strategies, including
various types of drugs such as fludarabine,
chlorambucil, bendamustine, and cyclophosphamide,
and afterward combinations with immunotherapeutic
agents that act as CD20 monoclonal antibodies (eg,
rituximab), have been the only options for patients with
CLL for decades.®!® Following numerous successful
results from Bruton tyrosine kinase inhibitors (BTKi)
and B-cell lymphoma-2 inhibitor (BCL2i), these agents
are preferred as first-line treatment and are well tolerated
compared with older treatments.%!!-13

Since the 1970s, abnormal antigen expression has
become significant for diagnosing CLL.'*'¢ In the late
1980s, the French-American-British (FAB)
classification system introduced specific criteria to
distinguish CLL from other lymphoproliferative
diseases. This system recommended using. flow
cytometry or immunofluorescence to identify CLL by
demonstrating strong expression. of CD19 and CDS.
Additionally, it indicated that CLL cells would exhibit
weak expression of immunoglobulin and CD22/FMC7,
while also lacking CD10 expression.'” Further
investigations showed that markers such as CD38,
CD49d, CD20, and. CD23 are associated with disease
progression and overall survival; high expression of
CD38 and CD49d often indicates a more aggressive
form of CLL; and CD20 and CD23 are used to help
diagnose and monitor CLL, with their expression levels
providing additional prognostic information. '8

Cytogenetic and molecular genetic abnormalities,
such as deletions on chromosomes 11q and 17p, TP53
mutations, and the immunoglobulin heavy chain
variable gene (/GHV) mutation status, are crucial for
estimating prognosis and treatment responses. %2

Although current prognostic tools such as the CLL
International Prognostic Index (CLL-IPI) seem to be
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effective, studies show the need to reevaluate and
potentially update these tools. This is important due to
their limitations, such as not accounting for changes in
prognosis and failing to adequately reflect outcomes
with updated treatments.?!=24

Improving patient management and treatment
strategies necessitates the identification of reliable
biomarkers that can accurately predict prognosis,
disease progression, and treatment responses.

The CD52. molecule is a low-weight
glycosylphosphatidylinositol (GPI)-anchored
glycoprotein expressing on nearly all hematopoietic
cells, from stem cells. to-mature lymphocytes and
neoplastic generations of B cells.2%2° Efforts to obtain a
humanized antibody against this antigen led to the
generation. of CAMPATH-1H (alemtuzumab), which
leads to cell death through complement-mediated cell
lysis and cell-mediated cytotoxicity in CD52-expressing
cell lines.?7-?8

Studies revealed a prognostic and predictive value of
soluble CD52 (sCD52) in patients with CLL.?>3? Also,
another study showed an increased level of surface CD52
in the residual population of CLL cells after therapy.>!

Conversely, the programmed cell death protein 1
(PD-1;. CD279)/programmed death-ligand 1 (PD-L1;
CD274) pathway controls the induction and
maintenance of immune tolerance within the tumor
microenvironment. The activity of PD-1 and its ligands
PD-L1 or programmed death-ligand 2 (PD-L2) are
responsible for T-cell activation, proliferation, and
secretion of cytotoxic reagents in cancer to attenuate
antitumor immune responses.’? Dysregulations in this
pathway have been known to have a key role in
hematologic malignancies and immunologic disorders,
considering them as high-value markers for the
treatment and prognosis of cancers.3?3

Regarding the significance of the present studys, it is
important to note that CLL appears homogeneous at first
glance, meaning that its clinical symptoms and routine
laboratory findings are almost similar. However, in
practice, it is a heterogeneous disease, such that patients
can be classified into low-risk and high-risk groups, with
rapid treatment being considered for high-risk groups
and delayed treatments for low-risk groups. This
highlights the necessity of proper patient classification.
By accurately classifying patients, high-risk patients
receive prompt treatment, with closer attention to their
clinical symptoms, and novel therapies, such as
immunotherapy, can be considered for them. In the
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present study, we first categorize patients with CLL into
several groups and then evaluate the expression of CD52
and PD-L1 markers in these different groups, assessing
the expression differences in the patients.

MATERIALS AND METHODS

Patients

A total of 67 patients with a confirmed diagnosis of
CLL according to the 2018 International Workshop on
CLL (iwCLL) criteria were enrolled in this study.
Patients were categorized into 2 main groups based on
their treatment status at the time of sampling.

The treatment group (n=23) included patients who
were either actively receiving therapy at the time of
blood sampling or had completed therapy and were in
follow-up with residual disease or complete remission.
Within this group, we further defined 2 subgroups based
on posttreatment status:

Complete remission (CR): Patients with no clinical
evidence of disease, defined as absence of
lymphadenopathy (palpable or imaging-detected),
absence of splenomegaly, normal complete blood count
(hemoglobin > 11 g/dL in women, >12-g/dL in men;
platelets >100 x 103/uL; absolute lymphocyte count
<5 x 103/uL). Complete remission was documented in
12 patients (52.2%). These response. definitions are
based on the 2018 iwCLL criteria.*

Residual disease/ (RD): Patients with persistent
disease after therapy, defined as presence of at least one
of the following: palpable. or imaging-detectable
lymphadenopathy in.any region, residual splenomegaly,
absolute lymphocyte count>5%10%/uL, persistent
anemia (hemoglobin below ~normal limits), or
thrombocytopenia (platelets<100x 10%/uL). Particular
emphasis was placed on splenomegaly or absolute
lymphocytosis>5 x103/uL “as ~markers of significant
residual disease. Residual disease was documented in 11
patients (47.8%), all of whom had evidence of residual
disease without meeting criteria for CR.

Among the treatment group, the distribution of
treatment regimens was as follows: ibrutinib
monotherapy (16 patients, 69.6%), bendamustine plus
rituximab (BR) (5 patients, 21.7%), and venetoclax plus
rituximab (2 patients, 8.7%).

The follow-up group (n=44) consisted of treatment-
naive patients meeting iwCLL 2018 criteria for active
monitoring only, who had never received any disease-
directed therapy.

The median time from diagnosis to sampling was 14
months (interquartile range [IQR], 8—24 months) in the
treatment group and 6 months (IQR, 3—12 months) in the
follow-up group.

Regarding the Rai and Binet staging systems, in
contemporary clinical practice, these systems are
primarily used for educational purposes and have limited
direct impact on treatment decisions, consistent with
recent studies demonstrating that traditional prognostic
models require reassessment in the era of targeted
therapies.?!~?* In routine clinical practice in Iran, Rai or
Binet stage is often not explicitly documented in patient
medical records. Where sufficient data were present, we
were able to retrospectively assign stages, but this did
not affect our primary outcomes.

Flow Cytometry

Peripheral blood samples were collected from patients
with CLL. Then, 100 pL of fresh whole blood or cell
suspension was added to 3.separate test tubes. The first
tube served as an isotype control, with no reagents added.
In the second tube, titrated antibodies for CD5 and CD19
were added, while the third tube received titrated
antibodies for CD52, CD23, and PD-L1. Following the
addition of antibodies, the tubes were incubated at room
temperature for 15 minutes. For blood samples, 1 mL of
red blood cell lysis solution (Arya Tashkhis Pars, Iran)
was added, followed by an additional 10-to-15-minute
incubation at room temperature. [f using a cell suspension,
the lysis step was omitted; instead, 1 mL of phosphate-
buffered saline (PBS; Iran Biotech, Iran) was added, the
sample was centrifuged, the supernatant was discarded,
and the pellet was resuspended in 500 pL of PBS. The
antibodies used included CD5—fluorescein isothiocyanate
(FITC; BioLegend, San Diego, CA, USA; Cat. No.
364021; 2.5 plL), CDI19-allophycocyanin (APC;
BioLegend, San Diego, CA, USA; Cat. No. 302211; 2.5
uL), PD-L1-peridinin chlorophyll protein—cyanine 5.5
(PerCP-Cy5.5; BioLegend, San Diego, CA, USA; Cat.
No. 329737, 2.5 upL), CD23—phycoerythrin (PE;
BioLegend, San Diego, CA, USA; Cat. No. 338507; 2.5
pL), and CD52-FITC (QuantoBio, Beijing, China; Ref.
A6752; 5 uL).

Propidium iodide (PI) is incompatible with the PE
and PerCP conjugates used in this panel; therefore,
viability was assessed using scatter characteristics. In
separate validation tubes, 7-aminoactinomycin D (7-
AAD; BioLegend, San Diego, CA, USA) staining

Iran J Allergy Asthma Immunol, / 3

Published by Tehran University of Medical Sciences (http://ijaai.tums.ac.ir)


http://ijaai.tums.ac.ir/

H. Khorramian, et al.

confirmed that scatter-based gating accurately excluded
dead cells.

Gating strategy: Lymphocytes were identified by
forward scatter (FSC) and side scatter (SSC), followed
by doublet exclusion using forward scatter area (FSC-A)
versus forward scatter height (FSC-H). The CD19* B-
cell population was then gated, and expression of CDS5,
CD23, CD52, and PD-L1 was analyzed within this gate.
Fluorescence-minus-one (FMO) controls were used for
each fluorochrome (FITC, PE, PerCP-Cy5.5, APC) to
define positivity thresholds. Compensation was
performed using single-stained UltraComp eBeads
(Invitrogen, Thermo Fisher Scientific, Carlsbad, CA,
USA). All percentages reported for CD5, CD52, CD23,
and PD-L1 expression represent the proportion of
positive cells within the gated CD19" B-lymphocyte
population. Full-resolution original flow cytometry
standard (FCS) data files and complete gating plots for
all patients are available from the corresponding author
upon reasonable request.

The samples were read wusing the BD
FACSCalibur™ flow cytometer (BD Biosciences, San
Jose, CA, USA). Initial parameters were set using the
unstained tube before reading the tubes containing
antibodies.

Statistical Analysis

Data normality was assessed using the Shapiro-Wilk
test. An independent samples ¢ test was applied for
normally distributed variables, while the Mann-Whitney
U test was used for non-normally distributed variables.
A 2-sided( p<0.05 was considered statistically
significant.

Post hoc power analysis revealed. that with the
available sample sizes (n=44 vs n=23) and an effect size
(Cohen d) of 0.65 for CD52 expression, the achieved
power was 0.72. Therefore, nonsignificant results,
particularly for PD-L1, should be interpreted with
caution and may be related to insufficient statistical
power.

Multivariate analysis adjusting for molecular and
cytogenetic prognostic markers (7P53, IGHV, and
fluorescence in situ hybridization [FISH]) was not
performed because these data were not uniformly
available for all patients. In Iran, insurance systems do
not cover these tests, and only approximately 45% of our
cohort had such data available. Including only patients
with available molecular data would have introduced
selection bias and compromised cohort homogeneity.
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Therefore, univariate comparisons represent the extent
of our current analysis, and this limitation is explicitly
acknowledged.

Statistical analyses were performed using STATA
software, version 17 (StataCorp, College Station, TX,
USA).

RESULTS

A total of 67 patients with CLL were included in the
final analysis, of whom 44 (65.7%) were categorized
into the follow-up group and 23 (34.3%) into the
treatment-group. Baseline demographic, hematological,
and immunophenotypic characteristics of the study
population are summarized in Tables 1 and 2.

Baseline Characteristics

The mean age of patients in the follow-up and
treatment. groups was 63.3£13.2 years and 62.6+12.6
years, respectively, with./no statistically significant
difference between the 2 groups (p=0.84). Male
predominance was observed in both groups, with no
significant difference in sex distribution (p=0.08).

At the time of diagnosis, patients in the treatment
group exhibited significantly higher leukocyte counts
compared with the follow-up group (50.0+35.0 x 103/uL
vs 25.9£13.0 x 10%/uL, p<0.001). Hemoglobin levels
were slightly lower in the treatment group (13.0+2.2
g/dL vs 14.0+1.3 g/dL, p=0.02), although this difference
was not considered clinically significant. Platelet counts
and lymphocyte percentages were also significantly
different between the 2 groups (p<0.05).

Comparison of complete blood counts (CBC) at the
time of study demonstrated a significant difference in
leukocyte counts and lymphocyte percentages (p<0.05),
whereas hemoglobin levels and platelet counts showed
no significant differences between the groups (Table 1).
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Table 1. Characteristics of CLL patients.

Variable

Follow-up (n=44) Treatment (n=23) )4
Age,y (SD) 63.3 (13.2) 62.6 (12.6) 0.84
Sex 0.08
Male, No. (%) 36 (81.8) 14 (60.9)
Female, No. (%) 8 (18.2) 9(39.1)
Baseline CBC
Leukocyte count, x 103/uL (SD) 25.9 (13.0) 50.0/(35.0) 0.0002
Hemoglobin, g/dL (SD) 14.0 (1.3) 13.0(2.2) 0.02
Platelet count, x 10%/uL (SD) 203.3 (69.8) 162.9(50.0) 0.01
Lymphocytes, % (SD) 74.8 (11.1) 80.6 (8.8) 0.03
CBC at the research phase
Leukocyte count, x 10%/uL (SD) 32.7 (23.0) 27.3 (36.7) .001*
Hemoglobin, g/dL (SD) 13.7(0.9) 13.4(1.9) 0.39
Platelet count, x 10%/uL (SD) 175.2 (64.4) 157.1 (48.5) 0.24
Lymphocytes, % (SD) 73.9 (9.6) 56.7 (17.3) <.0001*

Using Mann-Whitney test. CBC: complete blood count; CLL: chronic lymphocytic leukemia; SD: standard deviation.

Table 2. Comparison of biomarkers expression.

Variable Study group )4
Follow-up (n=44) Treatment (n=23)
CD19%, % (SD) 15.36 (21.60) 3.61 (4.66) 0.086
CD5", % (SD) 18.93 (17.76) 35.05 (25.04) 0.0142
CD19°CD5%, % (SD) 57.39 (27.97) 51.92 (31.30) 0.63*
CD23*, % (SD) 15.79 (16.83) 10.39 (13.93) 0.12
CD52%, % (SD) 25.46 (20.36) 43.77 (31.16) 0.039*
CD23*CD52%,:% (SD) 43.30 (23.60) 20.72 (26.70) 0.0032
PD-L1%, % (SD) 0.36 (0.38) 0.63 (0.71) 0.17
CD52PD-L1*, % (SD) 0.96 (1.09) 0.74 (0.88) 0.49

Using Mann-Whitney test. All percentages are calculated within the CD19" B-cell gate. CD: cluster of differentiation; PD-LI:

programmed death-ligand 1; SD: standard deviation.

Immunophenotypic Findings

Comparative analysis of = surface biomarker
expression between the treatment and follow-up groups
was performed using flow cytometry. The gating
strategy used for flow cytometry analysis is shown in
Figure 1A, and quantitative comparisons of marker
expression between groups are presented in Figure 1B
and Table 2.

The results demonstrated significant differences in
the expression of CD5, CD52, and the combined marker
CD23*CD52" between the 2 groups.

The treatment group exhibited significantly higher

expression levels of CD5" cells (35.05%+25.04% vs
18.93%+17.76%, p=0.014) and CD52" cells
(43.77%+31.16% vs  25.46%+20.36%, p=0.039)
compared with the follow-up group. CD52+ expression
showed a mean difference of 18.31% (95% confidence
interval, 1.02% to 35.60%). Furthermore, the proportion
of CD23"CD52" cells was significantly higher in the
follow-up group compared with the treatment group
(43.30%+23.60% vs 20.72%+26.70%, p=0.003).
Although the expression of PD-L17 cells was higher
in the treatment group than in the follow-up group
(0.63%+0.71% vs 0.36%+0.38%), this difference did
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not reach statistical significance (p=0.17). PD-LI
expression levels in both groups were extremely low
(<1% of CD19" cells), with mean values of 0.36% in the
follow-up group and 0.63% in the treatment group.
Given that these approach  background
fluorescence thresholds (as determined by FMO
controls), the biological and clinical relevance of such
minimal expression differences remains questionable
and should be interpreted with extreme caution. No
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statistically significant differences were observed
between the 2 groups in the expression of CD197 cells,
CD23" cells, or CD19*CD5" populations (p>0.05 for all
comparisons).

The results showed higher expression of CD5',
CD52", and PD-L1 in the treatment group, whereas
CD23"CD52" expression was higher in the follow-up
group. With the exception of PD-L1, these differences
were statistically significant (Table 2, Figure 1A and 1B).
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Figure 1. Representative flow cytometry plots and marker expression in patients with chronic lymphocytic leukemia (CLL). A.

Representative flow cytometry plots from a patient with CLL. Lymphocytes were identified based on forward scatter height
(FSC-H) and side scatter height (SSC-H) characteristics (upper left panel). CD5-FITC versus CD19-APC expression is shown
in the upper right panel, CD52-FITC versus CD23-PE expression in the lower left panel, and CD52-FITC versus PD-L1-PerCP-
Cy5.5 expression in the lower right panel. B. Quantitative comparison of immunophenotypic marker expression between the

follow-up (n=44) and treatment (n=23) groups. Detailed quantitative comparisons are presented in Table 2. APC:

allophycocyanin; CD: cluster of differentiation; FITC: fluorescein isothiocyanate; FSC-H: forward scatter height; PD-L1:

programmed death-ligand 1; PE: phycoerythrin; PerCP-Cy5.5: peridinin chlorophyll protein—cyanine 5.5; SSC-H: side scatter

height.

DISCUSSION

CLL is a hematological malignancy with
heterogeneous clinical features.>® While most patients
experience lifelong treatment-free survival,” others
develop progressive disease requiring treatment.*® In our
study, 34.3% of patients were in the treatment group and
65.7% were in the follow-up group.

The iwCLL guideline states that a rise in leukocyte
count indicates disease progression only when
lymphocyte count rises>50% in<2 months or

lymphocyte doubling time is <6 months.* Thus, the
observed differences alone do not necessarily indicate
treatment requirement.

Our results showed significantly higher CD5+ and
CD52+ expression in the treatment group, while
CD23+CD52+ expression was significantly higher in
the follow-up group, consistent with Pevna et al. * PD-
L1 expression was numerically higher in the treatment
group, but this difference did not reach statistical
significance (p=0.17).
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One possible explanation for increased CD52
expression in the treatment group is that increased CD52
expression may contribute to treatment resistance.
Alternatively, tumor cell lysis during treatment may
release intact CD52 antigen that attaches to residual
cells.*! A previous study on ibrutinib in mantle cell
lymphoma showed that high CD19'CD5" levels may
result from cell release from lymph nodes into the
bloodstream,* a hypothesis that could similarly apply to
CDS52 in our treatment group.

Higher levels of sCD52 have been associated with
more aggressive disease, indicating its value in staging
and monitoring.*** Interestingly, a decrease in sCD52
values during ibrutinib treatment has been reported,*®
which may explain increased surface CD52.

Immune checkpoint inhibitors have revolutionized
treatment in Hodgkin lymphoma (response rates >80%)
and certain non-Hodgkin lymphomas.>*? Given these
observations; we investigated whether checkpoint
inhibition may also have therapeutic relevance in CLL.
Our findings of uniformly low PD-L1 expression (<1%)
in Iranian patients with CLL provide important negative
findings, suggesting that unselected patients with CLL
are unlikely to respond to anti-PD-1 monotherapy. This
is consistent with clinical trial response rates (<15%) for
nivolumab and pembrolizumab in CLL.>*
Combination therapeutic strategies remain an active area
of investigation.>~’

Our study provides the first PD-L1 and CD52
expression data in Iranian patients with CLL. For PD-
L1, the low expression (<1%). indicates that anti-PD-1
monotherapy is unlikely to be effective in unselected
patients, although combination strategies merit further
investigation. For CD52, significantly higher expression
in the treatment group (43.77% vs 25.46%, p=0.039)
suggests potential prognostic and predictive relevance
for alemtuzumab-based therapy.

Among all prognostic markers studied in CLL over
3 decades, only TP53 disruption has consistently
demonstrated a decisive impact on patient outcomes,
while markers such as /[GHV, CD38, and ZAP-70 have
shown variable results.’® Thus, the identification of
novel prognostic biomarkers remains an active area of
investigation. Our finding of significantly higher CD52
expression in the treatment group (absolute difference
18.31%, p=0.039) suggests an association with
treatment requirement and warrants validation in
prospective studies.

Before the advent of BTKis, CLL treatment was
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highly  heterogeneous, including  fludarabine,
cyclophosphamide, and rituximab (FCR), BR,
chlorambucil-based protocols, and even single-agent
rituximab or corticosteroids. In Iran, the high cost of
ibrutinib has limited its accessibility, leading many
patients to receive older regimens such as BR. We
excluded patients with highly heterogeneous histories to
minimize confounding, and a sensitivity analysis
excluding non-ibrutinib patients (n=7) did not alter the
results for CD52.

Over the past 2 decades, flow cytometry on
peripheral blood has become the gold standard for CLL
diagnosis:* According. to_the-2018 iwCLL guidelines,
CLL diagnosis is confirmed by immunophenotyping of
circulating B-lymphocytes without bone marrow
aspiration: or lymph node biopsy.* 'All established
prognostic tests in CLL are routinely performed on
peripheral blood samples.!®?* Invasive procedures for
research-purposes would pose ethical challenges and
were not approved by our ethics committee.

Several studies have evaluated PD-L1 in CLL
progression and survival. Li et al. and Gamaleldin et al
reported higher PD-L1 levels in patients with poor
prognosis.’®! However, Akkus et al. reported lower
expression with no association with prognosis.>
Through STAT3 inhibition, ibrutinib may negatively
impact PD-L1 expression.’>> Kondo et al. showed a
decrease in PD-L1 levels during ibrutinib treatment.’
Our nonsignificant finding may reflect this effect, but
our small sample size limits interpretation.

Unlike solid tumors, anti-PD-1 agents in CLL have
shown modest activity (<15% response rates). This may
partly be attributable to low PD-L1 expression, the
immunosuppressive CLL microenvironment, and the
efficacy of BTK inhibitors that already modulate this
pathway.

We recognize that established prognostic markers
(TP53 mutation status, /GHV mutational status, and
FISH-detected cytogenetic abnormalities including
del(13q), trisomy 12, del(11q), and del(17p)) are
essential for risk stratification. Their absence in our
cohort is primarily due to lack of insurance coverage in
Iran.  Future prospective  studies integrating
immunophenotyping with molecular profiling are
warranted.

This study has several limitations. First, the sample
size, particularly in the treatment group (n=23), is
modest and limits statistical power; among
approximately 150 eligible patients over 5 years, only 67
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(44.7%) consented to participate, reflecting real-world
recruitment challenges in outpatient CLL research.
Second, all analyses were performed on peripheral blood
rather than lymph node or bone marrow compartments;
however, this approach represents the current standard
of care according to iwCLL guidelines and was required
by the ethics committee to avoid invasive procedures.
Third, molecular and cytogenetic data (7P53, IGHV,
FISH) were not uniformly available due to lack of
insurance coverage in Iran, as including only patients
with such data would have introduced selection bias;
similarly, Rai/Binet staging was not systematically
documented, consistent with contemporary practice
where treatment decisions are based on clinical
parameters rather than stage category. Fourth, the cross-
sectional design precludes assessment of longitudinal
changes or association with survival outcomes such as
time to first treatment or progression-free survival, and
prospective studies are needed to validate these
hypothesis-generating ~ findings.  Despite  these
limitations, this study provides the first PD-<L1 and
CD52 expression data in Iranian patients with CLL,
thereby establishing a baseline for future research.

This study demonstrates significant-differences in
CD5 and CDS52 expression between follow-up and
treatment groups of patients with CLL, with higher
levels of both markers in the treatment group suggesting
associations with treatment requirement. The authors do
not claim that CD52/or CDS5 are validated prognostic
biomarkers equivalent to P53 or 17p deletion; rather,
these findings are hypothesis-generating and represent a
preliminary (step toward identifying potentially useful
prognostic markers. The search for novel prognostic
biomarkers in CLL remains active because, aside from
TP53 disruption, few markers have demonstrated
consistent and . decisive clinical utility, and even
biomarkers with modest effects, when reproducible and
biologically plausible, can contribute to risk
stratification. The finding of significantly higher CD52
expression in treated patients warrants validation in
prospective cohorts measuring time to first treatment,
progression-free survival, and overall survival, as only
such studies can determine whether CD52 provides
independent prognostic information beyond 7P53 and
other established markers. From a clinical perspective,
this study provides the first PD-L1 and CD52 expression
data in Iranian patients with CLL. The uniformly low
PD-L1 expression (below 1%) indicates that anti-PD-1
monotherapy is unlikely to be effective in unselected

patients with CLL, thereby adding important negative
data to the global literature. For CDS52, higher
expression in treated patients suggests potential utility as
a biomarker for treatment requirement, though this
requires prospective validation. Collectively, these data
establish a reference baseline for future studies
investigating immunotherapy biomarkers in Iranian
patients with CLL.

STATEMENT OF ETHICS

This study was approved by the Ethics Committee of
Iran University of Medical Sciences (approval code:
IR.IUMS.REC.1403.237). Written informed consent
was obtained from all participants.

FUNDING

This research received no specific grant from any
funding agency in the public, commercial, or not-for-
profit sectors.

CONFLICT OF INTEREST
The authors declare no conflicts of interest.
ACKNOWLEDGMENTS

The authors thank the staff of Cell Tissue Test
Laboratory (Saba Biomedicals Science, Tehran, Iran)
for their technical assistance with flow cytometry.

DATA AVAILABILITY

The Data Availability section has been completed as
requested

AI ASSISTANCE DISCLOSURE

During the preparation of this work, the authors used
ChatGPT (OpenAl) for language editing and
grammatical refinement. After using this tool, the
authors reviewed and edited the content as needed and
take full responsibility for the content of the published
article.

REFERENCES

1. Eichhorst B, Robak T, Montserrat E, Ghia P, Niemann

Iran J Allergy Asthma Immunol, / 9

Published by Tehran University of Medical Sciences (http://ijaai.tums.ac.ir)


http://ijaai.tums.ac.ir/

10.

11.

12.

H. Khorramian, et al.

C.,Kater A, et al. Chronic lymphocytic leukaemia: ESMO
clinical practice guidelines for diagnosis, treatment and
follow-up. Annals of Oncology. 2021;32(1):23-33.

Siegel RL, Miller KD, Jemal A. Cancer statistics, 2020.
CA Cancer J Clin. 2020;70(1):7-30.

Smith A, Howell D, Patmore R, Jack A, Roman E.
Incidence of haematological malignancy by sub-type: a
report from the Haematological Malignancy Research
Network. Br J Cancer. 2011;105(11):1684-92.

Hallek M, Cheson BD, Catovsky D, Caligaris-Cappio F,
Dighiero G, Déhner H, et al. iwCLL guidelines for
diagnosis, indications for treatment, response assessment,
and supportive management of CLL. Blood.
2018;131(25):2745-60.

Wierda WG, Brown J, Abramson JS, Awan F, Bilgrami
SF, Bociek G, et al. Chronic lymphocytic leukemia/small
lymphocytic lymphoma, version 2.2024, NCCN clinical
practice guidelines in oncology. J Natl Compr Canc Netw.
2024;22(3):175-204.

Kajiiter H, Wellmann I, Khil L, Jockel KH, Zhang C, Fink
AM, et al. Survival of patients with chronic lymphocytic
after the
chemoimmunotherapy in Germany. Blood Cancer J.
2021;11(10):174.

Hillmen P, Robak T, Janssens Ay Babu KG, Kloczko J,
Grosicki S, et al. Chlorambucil plus ofatumumab versus

leukemia before and introduction  of

chlorambucil alone in previously untreated patients with
chronic lymphocytic leukaemia (COMPLEMENT 1): a
randomised, multicentre, open-label phase 3 trial. Lancet.
2015;385(9980):1873-83.

Kristinsson SY, Dickman PW, Wilson WH, Caporaso. N,
Bjorkholm M, Landgren O. Improved survival in chronic
lymphocytic leukemia in-the past decade: a population-
based study including 11,179 patients diagnosed between
1973-2003.in Sweden. Haematologica. 2009;94(9):1259-
65.

Chang JE, Kahl BS. Bendamustine for treatment of chronic
lymphocytic leukemia.
2012;13(10):1495-505.
Robak T. Therapy of chronic lymphocytic leukaemia with

Expert . Opin Pharmacother.

purine nucleoside analogues: facts and controversies.
Drugs Aging. 2005;22(12):983-1012.

Fischer K, Al-Sawaf O, Bahlo J, Fink AM, Tandon M,
Dixon M, et al. Venetoclax and obinutuzumab in patients
with CLL and coexisting conditions. N Engl J Med.
2019;380(23):2225-36.

Shanafelt TD, Wang XV, Kay NE, Hanson CA, O'Brien S,

Barrientos  J, et al Ibrutinib-rituximab or

10/ Iran J Allergy Asthma Immunol,

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

chemoimmunotherapy for chronic lymphocytic leukemia.
N Engl J Med. 2019;381(5):432-43.

Shadman M, Manzoor BS, Sail K, Tuncer HH, Allan JN,
Ujjani C, et al. Treatment discontinuation patterns for
patients with chronic lymphocytic leukemia in real-world
settings: results from a multi-center international study.
Clin Lymphoma Myeloma Leuk. 2023;23(7):515-26.
Preudhomme  JL,

Seligmann M.  Anti-human

immunoglobulin G activity of membrane-bound
monoclonal immunoglobulin M in lymphoproliferative
disorders. Pro¢ Natl Acad Sci U S A. 1972;69(8):2132-5.
Stathopoulos G, Elliott EV. Formation of mouse or sheep
red-blood-cell rosettes. by lymphocytes from normal and
leukaemic individuals. Lancet. 1974;1(7858):600-1.
Aisenberg AC, Bloch KJ, Long JC, Colvin RB. Reaction
of normal human lymphocytes and chronic lymphocytic
leukemia cells with an antithymocyte antiserum. Blood.
1973;41(3):417-23.

Bennett JM, Catovsky D, Daniel MT, Flandrin G, Galton
DA, Gralnick HR, Sultan C. Proposals for the classification
of chronic (mature) B and T lymphoid leukaemias. French-
American-British (FAB) Cooperative Group. J Clin Pathol.
1989;42(6):567-84.

Vosoughi T, Bagheri M, Hosseinzadeh M, Ehsanpour A,
Davari N, Saki N. CD markers variations in chronic
lymphocytic leukemia: new insights into prognosis. J Cell
Physiol. 2019;234(11):19420-39.

Claus R, Lucas DM, Ruppert AS, Williams KE, Weng D,
Patterson K, et al. Validation of ZAP-70 methylation and
its relative significance in predicting outcome in chronic
lymphocytic leukemia. Blood. 2014;124(1):42-8.

Claus R, Lucas DM, Stilgenbauer S, Ruppert AS, Yu L,
Zucknick M, et al. Quantitative DNA methylation analysis
identifies a single CpG dinucleotide important for ZAP-70
expression and predictive of prognosis in chronic
lymphocytic leukemia. J Clin Oncol. 2012;30(20):2483-
91.

Langerbeins P, Giza A, Robrecht S, Cramer P, von
Tresckow J, Al-Sawaf O, et al. Reassessing the chronic
lymphocytic leukemia international prognostic index in the
era of targeted therapies. Blood. 2024;143(25):2588-98.
Soumerai JD, Ni A, Xing G, Huang J, Furman RR, Jones
J, et al. Evaluation of the CLL-IPI in relapsed and
refractory chronic lymphocytic leukemia in idelalisib
phase-3 trials. Leuk Lymphoma. 2019;60(6):1438-46.
Molica S, Giannarelli D, Mirabelli R, Levato L, Shanafelt
TD. Chronic
prognostic

lymphocytic leukemia international

index (CLL-IPI) in patients receiving

Published by Tehran University of Medical Sciences (http://ijaai.tums.ac.ir)


http://ijaai.tums.ac.ir/

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

CD52 and PD-L1 Expression in CLL

chemoimmuno or targeted therapy: a systematic review
and meta-analysis. Ann Hematol. 2018;97(10):2005-8.
Molica S. Chronic lymphocytic leukemia prognostic
models in real life: still a long way off. Expert Rev
Hematol. 2021;14(2):137-41.

Klabusay M, Sukova V, Coupek P, Brychtova Y, Mayer J.
Different levels of CD52 antigen expression evaluated by
quantitative fluorescence cytometry are detected on B-
lymphocytes, CD 34+ cells and tumor cells of patients with
chronic B-cell lymphoproliferative diseases. Cytometry B
Clin Cytom. 2007;72(5):363-70.

Xia MQ, Hale G, Lifely MR, Ferguson MA, Campbell D,
Packman L, Waldmann H. Structure of the CAMPATH-1
antigen, a glycosylphosphatidylinositol-anchored
glycoprotein which is an exceptionally good target for
complement lysis. Biochem J. 1993;293 ( Pt 3)(Pt 3):633-
40.

Waldmann H. A personal history of the CAMPATH-1H
antibody. Med Oncol. 2002;19 Suppl:S3-9.

Carlo-Stella C, Guidetti A, Di Nicola M, Longoni P, Cleris
L, Lavazza C, et al. CD52 antigen expressed by malignant
plasma cells can be targeted by alemtuzumab in vivo in
NOD/SCID mice. Exp Hematol. 2006;34(6):721-7.
Albitar M, Do K-A, Johnson MM, Giles. FJ, Jilani I,
O'Brien S, et al. Free circulating soluble CD52 as a tumor
marker in chronic lymphocytic = leukemia  and its
implication in therapy with anti-CDS52 antibodies. Cancer.
2004;101(5):999-1008.

Vojdeman FJ, Herman SEM, Kirkby N, Wiestner A, van t’
Veer MB, Tjennfjord GE, et al. Soluble CD52. is an
indicator of disease activity in chronic lymphocytic
leukemia. Leukemia & Lymphoma. 2017;58(10):2356-62.
Pevna M, Doubek M, Coupek P, Stehlikova O, Klabusay
M. Residual cancer lymphocytes.in patients with chronic
lymphocytic leukemia. after therapy show increased
expression of surface antigen CD52 detected using
quantitative fluorescence cytometry. Clinical Lymphoma
Myeloma and Leukemia. 2014;14(5):411-8.

Han Y, Liu D, Li L. PD-1/PD-L1 pathway: current
researches in cancer. Am J Cancer Res. 2020;10(3):727-
42.

Lenouvel D, Gonzalez-Moles M, Talbaoui A, Ramos-
Garcia P, Gonzalez-Ruiz L, Ruiz-Avilal, Gil-Montoya JA.
An update of knowledge on PD-L1 in head and neck
cancers: physiologic, prognostic and
perspectives. Oral Dis. 2020;26(3):511-26.
Gou Q, Dong C, Xu H, Khan B, Jin J, Liu Q, et al. PD-L1
degradation pathway and immunotherapy for cancer. Cell
Death Dis. 2020;11(11):955.

therapeutic

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

Fujiwara M, Garo LP, Murugaiyan G. PD1 blockade in

cancer: impact on myeloid cells. Trends Cancer.
2020;6(6):443-4.

Qorri B, Geraci J, Tsay M, Cumbaa C, Alphs L, Pani L.
Revealing heterogeneity in chronic lymphocytic leukemia:
Al-driven insights into aggressive and indolent disease
subtypes. Journal of Clinical
2024;42(16_suppl):e19029-¢.

Surveillance Epidemiology ER. Cancer stat

Oncology.

facts:
leukemia—chronic lymphocytic leukemia (CLL). 2021.
Mukkamalla SKR, Taneja A, Malipeddi D, Master SR.
Chronic lymphocytic leukemia. StatPearls. Treasure Island
(FL):-StatPearls Publishing.Copyright © 2024, StatPearls
Publishing LLC.; 2024.

Urso A, Martino EA, Cuneo A, Gentile M, Rigolin GM.
Chronic. lymphocytic leukemia: prognostic factors in the
era of novel drugs. Cancers. 2024;16(15):2732.

Pevna M, Doubek M, Coupek P, Stehlikova O, Klabusay
M. Residual cancer lymphocytes in patients with chronic
lymphocytic leukemia after therapy show increased
expression of surface antigen CD52 detected using
quantitative fluorescence cytometry. Clin Lymphoma
Myeloma Leuk: 2014;14(5):411-8.

Paulick MG, Bertozzi CR. The
glycosylphosphatidylinositol ~ anchor: a  complex
membrane-anchoring structure for proteins. Biochemistry.
2008;47(27):6991-7000.

Chang BY, Francesco M, De Rooij MF, Magadala P,
Steggerda SM, Huang MM, et al. Egress of
CDI19(+)CD5(+) cells into peripheral blood following
treatment with the Bruton tyrosine kinase inhibitor
ibrutinib in mantle cell lymphoma patients. Blood.
2013;122(14):2412-24.

Bandala-Sanchez E, Zhang Y, Reinwald S, Dromey JA,
Lee BH, Qian J, et al. T cell regulation mediated by
interaction of soluble CD52 with the inhibitory receptor
Siglec-10. Nat Immunol. 2013;14(7):741-8.

Albitar M, Do KA, Johnson MM, Giles FJ, Jilani I, O'Brien
S, et al. Free circulating soluble CD52 as a tumor marker
in chronic lymphocytic leukemia and its implication in
therapy  with  anti-CD52
2004;101(5):999-1008.
Alatrash G, Albitar M, O'Brien S, Wang X, Manshouri T,
Faderl S, et al. Circulating CD52 and CD20 levels at end
of treatment predict for progression and survival in patients
with lymphocytic
fludarabine, cyclophosphamide and rituximab (FCR). Br J
Haematol. 2010;148(3):386-93.

antibodies. Cancer.

chronic leukaemia treated with

Iran J Allergy Asthma Immunol, / 11

Published by Tehran University of Medical Sciences (http://ijaai.tums.ac.ir)


http://ijaai.tums.ac.ir/

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

H. Khorramian, et al.

Vojdeman FJ, Herman SEM, Kirkby N, Wiestner A, van
T' Veer MB, Tjennfjord GE, et al. Soluble CD52 is an
indicator of disease activity in chronic lymphocytic
leukemia. Leuk Lymphoma. 2017;58(10):2356-62.
Salmaninejad A, Valilou SF, Shabgah AG, Aslani S,
Alimardani M, Pasdar A, Sahebkar A. PD-1/PD-L1
pathway: basic biology and role in cancer immunotherapy.
J Cell Physiol. 2019;234(10):16824-37.

Okazaki T, Honjo T. The PD-1-PD-L pathway in
immunological
2006;27(4):195-201.
Ribas A. Tumor immunotherapy directed at PD-1. N Engl
J Med. 2012;366(26):2517-9.

Li JH, Pang NN, Zhang ZH, Zhang R, Chen G, Qu JH.
[PD-1/PD-L1 expression and its implications in patients

tolerance. Trends Immunol.

with chronic lymphocytic leukemia]. Zhonghua Xue Ye
Xue Za Zhi. 2017;38(3):198-203.

Gamaleldin MA, Ghallab OM, Nadwan EA, Abo Elwafa
RA. PD-1 and PD-L1 gene expressions and their
association with Epstein-Barr virus infection in chronic
lymphocytic leukemia. Clin Transl Oncol.
2021;23(11):2309-22.

Wang Y, Sinha S, Wellik LE, Secreto CR, Rech KL; Call
TG, et al. Distinct immune signatures. in chronic
lymphocytic leukemia and Richter syndrome. Blood
Cancer J. 2021;11(5):86.

Augé H, Notarantonio AB, Morizot R, Quinquenel A,
Fornecker LM, Hergalant S, et al. Microenvironment
remodeling and subsequent clinical implications in diffuse
large B-cell histologic variant of Richter syndrome. Front
Immunol. 2020;11:594841.

Masoud R, Eladl AE, El-Ashwah S, Abbas A, Kandil W.
Clinicopathological study.of PD-1/PD-L1 expression in
chronic. lymphocytic —leukemia/small lymphocytic
lymphoma (CLL/SLL) with emphasis on. large B-cell
Richter transformation. Asian Pac J Cancer Prev.
2023;24(12):4243-52.

Kondo K, Shaim H, Thompson PA; Burger JA, Keating M,
Estrov Z, et al. Ibrutinib modulates the immunosuppressive
CLL microenvironment through STAT3-mediated
suppression of regulatory B-cell function and inhibition of
the PD-1/PD-L1 pathway. Leukemia. 2018;32(4):960-70.
Cubillos-Zapata C, Avendafio-Ortiz J, Cordoba R,
Hernandez-Jiménez E, Toledano V, Pérez de Diego R,
Lopez-Collazo E. Ibrutinib as an  antitumor
immunomodulator in patients with refractory chronic
lymphocytic leukemia.
2016;5(12):e1242544.

Oncoimmunology.

12/ Iran J Allergy Asthma Immunol,

57. Kondo K, Burger JA, Micheal K, Tran J, Muftuoglu M,

Daher M, et al. Ibrutinib can modulate the T cell response
in chronic lymphocytic leukemia by reducing PD1/PDLI
interactions. Blood. 2015;126(23):1737.

Published by Tehran University of Medical Sciences (http://ijaai.tums.ac.ir)


http://ijaai.tums.ac.ir/

	Patients
	Flow Cytometry
	Statistical Analysis
	RESULTS
	Baseline Characteristics
	Immunophenotypic Findings


