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The prognostic significance of dipeptidyl peptidase IV (CD26)
expression in B-cell chronic lymphocytic leukemia
Hala M.H. Abaza?®, Ahmed E. Eltawil®, Nesma A. Safwat®, Walaa S. Elzeiny®

Background B-cell chronic lymphocytic leukemia (B-CLL)
has a highly variable clinical course. The leukemic
transformation is initiated by specific genomic alterations,
impairing apoptosis of clonal B-cells. Many prognostic factors
have been identified, yet research studies continue to identify
new prognostic factors to predict the course of B-CLL.

Aim This study aimed to evaluate the prognostic value of
CD26 expression in Egyptian patients with B-CLL and assess
its correlation to other clinical and laboratory parameters with
known prognostic significance.

Patients and methods A total of 30 Egyptian adults with
newly diagnosed B-CLL and 15 healthy participants (control
group) were subjected to full study of clinical, laboratory, flow
cytometry, and cytogenetic data. Testing of CD26%
expression was done by flow cytometry-immunophenotyping.
Detections of ataxia telangiectasia mutated, P53, 13q14
deletions, and trisomy 12 were performed using fluorescent
in-situ hybridization. Immunoglobulin heavy-chain variable
mutational status was done by PCR. Moreover, smudge cells
% was calculated by microscopic evaluation of stained blood
smears.

Results A statistically significant increase of CD26%
expression in patients with B-CLL in comparison with normal
participants was documented (P<0.001). CD26% expression
on B-CLL was statistically significantly correlated with
advanced modified Rai’s clinical stage of B-CLL at diagnosis
(P<0.001), hepatomegaly (P=0.003), low hemoglobin level
(P=0.049), low platelets count (P=0.034), high lactate

Introduction

Chronic lymphocytic leukemia (CLL) is characterized
by clonal proliferation and accumulation of mature,
typically CD5-positive B cells within the blood, bone
marrow (BM), lymph nodes (LNs), and spleen.
Recently, it has been reported that, in CLL, the
capacity to generate clonal B-cells might be acquired
at the hematopoietic stem cell stage, suggesting that the
primary leukemogenic event, in CLL, might involve
multi-potent self-renewing hematopoietic stem cells [1].

Despite homogeneous morphology, transcriptional
profile, and immunophenotype (IPT), CLL is
clinically a heterogeneous disease, where some
patients require therapy, whereas others
display an aggressive course with poor response to
therapy [2]. Recently, some investigators have tried
to develop and validate a 17-gene expression signature
that distinguished immunoglobulin (Ig) heavy-chain
variable gene (IgHV)-unmutated patients, to identify
which of them is likely to achieve durable remissions
with fludarabine, cyclophosphamide, and rituximab

never
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dehydrogenase blood levels (P=0.001), and atypical
lymphocytes % (P=0.049). Correlation studies with other
prognostic factors revealed statistically significant
correlations between CD26% expression and CD38%
(P<0.001), ZAP-70% (P=0.007), the unmutated status of
immunoglobulin heavy-chain variable (P<0.001), and low %
of smudge cells (P<0.001).

Conclusion CD26% expression could be considered as an
adverse prognostic predictor being associated with high-risk
markers in B-CLL. It can be routinely used, as a part of
immunophenotyping panel, in third world countries at
diagnosis, for prognosis, risk-stratification, and tailoring of
therapy.
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chemoimmunotherapy from those who might benefit
from alternative front-line regimens [3].

To address heterogeneity and predict prognosis
of patients, several prognostic markers were studied,
based on genetic phenotyping or molecular
characteristic of B-cell chronic lymphocytic leukemia
(B-CLL) [4,5]. However, owing to the limited
availability, high cost of markers, and methodological
complexity, some of these markers cannot be used for
routine evaluation. Thus, researchers continue to
identify new prognostic factors, targeting to predict

the CLL course [6].

Various biological and genetic markers also have
prognostic value. Deletions of short arm of
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chromosome 17[del (17p)] and/or mutations of tumor
protein ‘53’ (TP53) gene [7], predict resistance to
chemoimmunotherapy and a shorter time to
progression, with most targeted therapies. A
comprehensive, international prognostic index/score
(CLL-IPI) integrates genetic, biological, and clinical
variables to identify distinct risk groups of patients with
CLL [1,8,9].

Dipeptidyl peptidase IV (DPPIV/CD26) is a unique
multifunctional 110-kDa membrane-bound
glycoprotein that belongs to the serine protease
family. It acts as a receptor, binding, and proteolytic
molecule. DPPIV is widely distributed, with the
highest expression in kidney, lung, liver, and small
intestine, whereas low expression is found in brain,
heart, and skeletal muscle. It is mainly found on
endothelial and epithelial cells in the body, and is
also present on immune cells like T-cells, activated
B-cells, activated natural killer cells, and myeloid cells
[10]. It plays an important role in immune regulation,
signal transduction, and apoptosis [11]. In addition,
DPPIV has roles in nutrition, metabolism, the immune
and endocrine systems, BM mobilization, cancer

growth, and cell adhesion [12].

Recent works have suggested that CD26 plays a
regulatory role in neoplastic transformation and
progression of various tumors. It was proposed as an
important tumor biomarker in melanoma, lung and
prostate cancer, as well as gastric and colorectal cancer.
In hematological malignancies, CD26 expression was
defined as a marker of aggressiveness in T-cell
malignancies, for example, T-ALL, and was linked
to poor prognosis and survival [13]. Some investigators
reported variable expression of CD26 in B-CLL, yet
the importance of its expression on B-lymphocytes is
not completely clarified [14].

Patients and methods

This study was conducted on 30 newly diagnosed
patients with CLL. They were enrolled from the
Hematology/Oncology ~ Unit, Internal Medicine
Department, Ain-Shams University Hospitals, Ain-
Shams Faculty of Medicine, and Misr University for
Science and Technology, during the period from July
2018 to July 2019. There were 22 (73.3%) males and
eight (26.7%) females, with a male to female ratio of
2.7 : 1. Their ages ranged from 51 to 89 years (mean:
70.1£11.5 years). Moreover, 15 age-matched and sex-
matched healthy participants were enrolled as a control
group (11 males and four females), ranging in age from

50 to 80 years.

Patients were diagnosed on the basis of the following:

(1) Thorough history and full clinical examination.

(2) Laboratory investigation, including complete blood
count (Sysmex SX-800i, Kobe, Japan) and
examination of Leishman-stained peripheral
blood films, for morphology and % of smudge
cells (ratio of smudge to intact cells+smudge
lymphocytes). A cutoff level of 30% of smudge
cells was considered to differentiate between low-
risk and high-risk groups [15,16].

(3) BM
lymphocyte %.

(4) Flow-cytometric (FCM) IPT and expression of
CD26 on B-CLL (BD Biosciences, California,
USA) was measured at diagnosis, using a FACS
Calibur FCM (Becton Dickinson, USA) [17] for
all patients and controls.

(5) Fluorescent in-situ hybridization (FISH) analysis,
using locus-specific identifier (LSI) probes, was
done for detection of ataxia telangiectasia mutated
(ATM) and protein 53 (P53) genes, and 13q14
deletions. For trisomy 12 detection, centromeric
enumeration probe was also used (Vysis, UK;
Abbott Laboratories, Abbott Park, IL, USA).
Two age-matched healthy volunteers were used
as controls to check the intensity of signals of the
used probes [16].

(6) IgHV mutational status was evaluated by PCR
amplification of IgHV transcript, and comparing
the transcript to known germline genes available in
Ig databases. IgHV sequences were considered
mutated or not using the conventional cutoft of
2% mismatch from germline I[gHV sequences [18].

aspiration  for

morphology and BM

Clinical staging of the patients with B-CLL was done
according to the Modified Rai staging system (2016) [19].
The Rai classification (1975) [20] was later modified to
reduce the number of prognostic groups from 5 to 3 [19].
It described three major prognostic groups with discrete
clinical outcomes: defining low-risk B-CLL as patients
who have lymphocytosis with leukemic cells in blood and/
or BM (lymphoid cells >30%) (former Rai stage 0).
Patients with lymphocytosis, enlarged LNs in any site,
splenomegaly and/or hepatomegaly (+palpable nodes) are
defined as intermediate-risk disease (former Rai stage I or
stage II). High-risk disease includes patients with CLL-
related anemia (hemoglobin <11 g/dl) (former stage III)
or thrombocytopenia (platelet <100X10”/1) (former

stage IV) [19].

An informed consent was obtained from each patient
before participation in this study. The study-applied
procedures were approved by the Ethical Committee of
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Human Experimentation of Ain-Shams University
and are in accordance to the Revised Helsinki
Declaration of 1975 (2004) [21].

Sample collection

The peripheral blood and BM samples were collected
on EDTA (1.2 mg/ml) for morphology and IPT. The
BM aspirates were collected in sterile preservative-free
lithium heparin-coated vacutainer tubes for cytogenetic

analysis (FISH).

Cytogenetic study

Cytogenetic aberrations were detected by FISH
technology to determine deletion status of probe
targets LSI P53 (containing tumor protein p53 gene,
located on 17p), LSI ATM (containing ATM gene,
located on 11q), and LSI D13S319 (containing marker
D135319, located on 13q), plus determining trisomy 12
with centromeric enumeration probe 12. At least 100
interphase nuclei and/or 20 metaphases were scanned
under fluorescence microscope for the detection of
ATM, P53, 13q14 deletions, and trisomy 12. In
mono-allelic ATM deletion, one red signal was
reported in more than 10% of examined cells, and
biallelic deletion was reported by absence of red
signals in at least 10% of examined interphase cells.
The P53 deletion was recorded positive, if one red
signal was noticed in more than 10% of cells. In case
of 13q14.3 deletion, the results were considered clonal
when the % of cells with the abnormality exceeded the
established cutoff value of 10% for the (13q14.3)
deletions. Trisomy 12 was documented if three red
signals were observed in at least more than 10% of
interphase cells, and/or more than 2% of metaphase [16].

Statistical analysis

Data were collected, revised, coded, and entered to the
Statistical Package for Social Science (IBM SPSS,
Armonk, New York, United States), version 20.
Qualitative data were presented as numbers and
percentages, whereas quantitative data were entered
into  Kolmogorov—Smirnov  test of normality.
Parametric distribution data were presented as mean,
SDs, and ranges, whereas nonparametric distribution
data were presented as median with interquartile
range. To compare parametric quantitative variables
between two groups, Student # test was applied.
Nonparametric quantitative variables between two
groups were compared using Mann-Whitney test.
For comparison between two groups with qualitative
data, z* test was used. Receiver operating
characteristics (ROC) curve identifies
accurate cutoff value that is capable of discriminating

analysis

between healthy individuals and patients. Spearman’s
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correlation was used to correlate among parameters.
Multiple logistic regression analysis was used to
statistically define independent prognostic variables,
among all studied parameters, using the modified
Rai staging system [19] as a dependent one, as it
provides a basic framework for estimating prognosis;
it is used to predict median survival and is factored into
the current International Workshop on CLL
guidelines for initiation of treatment [22]. For all
statistical analysis, P value less than 0.05 was
considered statistically significant, P value less than
0.01 was highly significant, and P value less than 0.001
was considered statistically very highly significant.

Results

Descriptive data, laboratory data, and the prognostic
markers routinely used to predict the B-CLL
progression and to assess tumor burden are listed in

Tables 1 and 2. The presently investigated potential
prognostic indicators included age, sex, total leukocyte
count, BM lymphocytes, lactate dehydrogenase
(LDH), CD26, CD38, ZAP-70, IgVH, smudge cell
%, del (11q), P53, del (13q), and trisomy 12.

In this study, CD26% expression was positive in 18
(60%) patients with B-CLL, and it ranged from 0.2 to
46.0%, with a mean of 22.3+16.5%.

The best cut-off value for CD26% expression that can
discriminate patients with B-CLL from the controls was
sought by constructing ROC curves. The area under the
curve of 0.878, 95% confidence interval=0.779-0.977, P
value less than 0.001, and cutoff more than or equal to
7.0% had perfect specificity but moderate sensitivity
(Fig. 1). According to CD26% expression, patients
with B-CLL were divided into CD26+ and CD26-
subgroups.

Table 1 Demographic and clinical characteristics of studied
patients with B-cell chronic lymphocytic leukemia

Characteristics Mean+SD Range
Age (years) 70.1+11.5 51.0-89.0
Sex [n (%)]
Male 22 (73.3)
Female 8 (26.7)
Lymphadenopathy 10 (33.3)
Hepatomegaly 15 (50.0)
Splenomegaly 21 (70.0)
Modified Rai stage
Stage 0 (low risk) 6 (20.0)
Stages I-Il (intermediate risk) 12 (40.0)
Stages -1V (high risk) 12 (40.0)

Total=30.
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Table 2 Laboratory findings of studied patients with B-cell chronic lymphocytic leukemia

Characteristics Mean+SD Range
Hb (g/dl) 11.1£1.9 7.3-15.1
Platelets count (x10%/ul) 158.4+83.6 16.0-315.0
TLC (x10%/ul) 81.6+73.2 11.9-226.0
Absolute Lymphocytic count (x10%/pl) 64.3+59.3 8.7-191.5
BM lymphocytes (%) 83.4+11.0 53.0-97.0
Atypical lymphocytes (%) 9.9+6.2 1.0-31.0
Prolymphocytes (%) 3.5+1.5 1.0-6.0
LDH (U/) 567.0+385.9 142.0-1805.0
CD26 (%) 22.3+16.5 0.2-46.0
CD38 (%) 25.0+17.0 2.5-49.0
ZAP-70 (%) 20.1+15.4 0.3-44.3
Positive CD26 [n (%)] 18 (60.0)
Negative CD26 12 (40.0)
IPT score

Score 4 10 (33.3)

Score 5 20 (66.7)

Smudge cells < 30.0 20 (66.7)
Genetic aberrations [n (%)]

Deletion 11q 4 (13.3)

Deletion 13p 7 (23.3)

Deletion P53 7 (23.3)

Trisomy 12 5(16.7)

BM, bone marrow; IPT, immunophenotyping score; LDH, lactate dehydrogenase; TLC, total leukocyte count.

Figure 1 Figure 2
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ROC curve for CD26% in differentiating studied patients with B-CLL
from control group. B-CLL, B-cell chronic lymphocytic leukemia;
ROC, receiver operating characteristics.

ROC curve for CD26% in differentiating Rai high-risk from intermediate/
low-risk groups in the studied patients with B-CLL. B-CLL, B-cell chronic
lymphocytic leukemia; ROC, receiver operating characteristics.

The diagnostic ability of CD26% expression to
differentiate patients with B-CLL at high risk from
those with intermediate or low risk was done by a cutoff
value of more than or equal to 19.5%, which was sought
by the ROC curve, with area under the curve =0.884,
95% confidence interval=0.731-1.000, P value less
than 0.001 (Fig. 2).

Comparison between studied CD26% positive versus
negative B-cell chronic lymphocytic leukemia
subgroups

CD26%-positive subgroup of patients with B-CLL
revealed no statistically significant difference versus
negative expression subgroup regarding age (P=0.810)
and sex (P=1.000). Lymphadenopathy (P=0.694),
hepatomegaly ~ (P=0.003), and  splenomegaly
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Table 3 Demographic and clinical characteristics of CD26% positive versus negative expression in B-cell chronic lymphocytic

leukemia subgroups

Characteristics Positive CD26 (N=18) Negative CD26 (N=12) P value
Age (years) 70.6+10.7 69.5+13.0 0.810
Sex [n (%)]
Male 13 (72.2) 9 (75.0) 1.000
Female 5 (27.8) 3 (25.0)
Lymphadenopathy [n (%)] 7 (38.9) 3 (25.0) 0.694
Hepatomegaly 13 (72.2) 2 (16.7) 0.003*
Splenomegaly 14 (77.8) 7 (58.3) 0.418
Modified Rai Stage [n (%)]
Low risk 1(5.6) 5 (41.7) <0.001"
Intermediate risk 5 (27.8) 7 (58.3)
High risk 12 (66.7) 0
*Significant.

Table 4 Laboratory findings characteristics of CD26% positive versus negative expression in B-cell chronic lymphocytic

leukemia subgroups

Characteristics Positive CD26 (N=18) Negative CD26 (N=12) P value
Hb (g/dl) 10.6+2.3 11.8+0.6 0.049
Platelets (x10%/ul) 129.4+60.6 201.8+96.7 0.034"
TLC (x10%/ul) 78.1x76.4 86.8+71.0 0.756
Absolute Lymphocytic count (x10%/ul) 59.6+59.7 71.5+60.6 0.598
BM lymphocytes (%) 82.9+10.4 84.2+12.3 0.772
Atypical lymphocytes (%) 11.7£7 1 7.2+3.1 0.049
Prolymphocytes (%) 3.8+1.6 3.2+1.4 0.290
LDH (U/) 730.0+410.5 322.4+153.5 0.001"
CD38 (%) 33.4x14.5 12.3+12.0 <0.001"
ZAP-70 (%) 26.0+13.6 11.2£14.0 0.007"
Low smudge cells [n (%)] 18 (100.0) 2 (16.7) <0.001"
q11 deletion [n (%)] 3 (16.7) 1(8.3) 0.632
q13 deletion [n (%)] 6 (33.3) 1(8.3) 0.193
p53 deletion [n (%)] 6 (33.3) 1(8.3) 0.193
Trisomy 12 [n (%)] 5 (27.8) 0 0.066
IgHV mutation [n (%)] 2 (11.1) 11 (91.7) <0.001"
IPT score [n (%)]

4 4 (22.2) 6 (50.0) <0.001"

5 14 (77.8) 6 (50.0)

BM, bone marrow; IgHV, immunoglobulin heavy-chain variable; IPT, immunophenotyping score; LDH, lactate dehydrogenase; TLC, total

leukocyte count. *Significant.

(P=0.418) were more frequent in positive CD26%
expression subgroup, but the differences were
statistically ~ significant only for hepatomegaly.
Advanced modified Rai group (high-risk) showed
highly statistically significant difference in the positive
CD26% expression (P<0.001) subgroup (Table 3).

Additionally, the studied B-CLL subgroups showed
that hemoglobin (P=0.049), platelets count (P=0.034),
low % of smudge cell (P<0.001), and IgHV mutation
status  (P<0.001) were statistically significantly
lower in CD26%-positive patients, whereas atypical
lymphocytes % (P=0.049), LDH (P=0.001), CD38%
(P<0.001), ZAP-70% (P=0.007), and IPT score 5
(P<0.001) were statistically significantly higher in
the CD26%-positive subgroup (Table 4).

Correlations of CD26% expression with studied known
prognostic factors

In the studied patients with B-CLL, positive CD26%
expression showed statistically significant positive
correlations with LDH (P<0.001), CD38%
(P<0.001), and ZAP-70% (P=0.006), besides
statistically significant negative correlations with
hemoglobin (P=0.046), platelets count (P=0.039),
and low % of smudge cell (P=0.001) (Table 5).

Multiple logistic regression analysis

The test was used for all items as model 1 (Table 6);
the test was repeated as model 2 for only items whose
Pvalues are the best and so on as model 3 (T'ables 7 and
8). The best model that has maximum F ratio and
P was model 3 (Table 8).
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Table 5 Correlations of CD26% with known prognostic factors
in studied B-cell chronic lymphocytic leukemia patients

Variables B-CLL (N=30)

r P value
Age (years) -0.034 0.860
Hb (g/dl) -0.367 0.046
Platelets count (x10%/ul) -0.379 0.039°
TLC (x10%/ul) -0.078 0.683
Absolute lymphocytic count (x10%/ul) -0.146 0.440
BM lymphocytes (%) -0.089 0.639
Atypical lymphocytes (%) 0.248 0.187
Prolymphocytes (%) 0.233 0.215
LDH (U/) 0.626 <0.001"
CD38 (%) 0.708 <0.001
ZAP-70 (%) 0.486 0.006
Smudge cells (%) -0.587 0.001"

B-CLL, B-cell chronic lymphocytic leukemia; BM, bone marrow;
LDH, lactate dehydrogenase; r, correlation coefficient; TLC, total
leukocyte count. *Significant.

In the current work, logistic regression found out that
del(11q) and CD26% expression were the best
independent prognostic factors to predict advanced

disease (Rai stage III/IV) and poor survival (Table 8).

Discussion

Extreme clinical heterogeneity is one of the hallmark
features of CLL. Thus, it is more important than ever
to develop sensitive stratification parameters to identify
patients with poor prognosis [11]. Attempts to identify
new factors related to disease activity, or parameters for
predicting the course of CLL were assumed [5]. These
factors included B,-microglobulin concentration or
soluble CD23 antigen in blood; thymidine kinase
activity; B-cell expression of CD38, CD49d, and
intra-cytoplasmic ZAP-70; cytogenetic aberrations
by FISH; or gene mutational status of IgVH by
PCR [23].

In the present study, the expression of CD26% was
higher in patients with B-CLL in comparison with
normal participants. This was in agreement with
Hodeib and Shahbah [24]. The present results
showed a positive CD26% expression in 60% of the
studied patients with B-CLL, and this was in
accordance with Ghannam e# 4/ [11] and Matuszak
et al. [6] The earlier investigators found that CD26+ B-
CLL constituted 50% of their patients [11]. Cro ez 4.
[25] investigated the role of DPPIV/CD26 in the
pathogenesis of some hematological malignancies,
including B-CLL, stating that it can interact with
extracellular matrix, via fibronectin and collagen,
thus, influence one of the postulated mechanisms of

preventing cell apoptosis in B-CLL.

On evaluating the effect of CD26% expression on
demographic and clinical data of patients with B-
CLL, the present work revealed a significant
correlation between CD26+ expression and advanced
Rai clinical stage (P<0.001), as there was a statistically
significant increase in the CDD26% expression in the
high-risk group of CLL. This was in accordance with
Ibrahim e# al [26] and Hodeib and Shahbah [24].
Moreover, Matuszak ef a/ [6] noticed that CD26
expression, on B-CLL, correlates with the Rai’s
clinical stage of the disease at diagnosis. However,
conflicting results were reported by Ghannam ez a/

[11].

The two similar clinical staging systems (Rai and
Binet) create prognostic information by using results
of physical examination and blood counts. Both
systems are simple, inexpensive, and do not require
ultrasound, computed tomography, or MRI [1]. Both
staging systems provide a basic framework for
estimating prognosis and are factored into the
current International Workshop on CLL guidelines
for initiation of treatment. Based on these guidelines,
individuals with Rai stage III/IV or Binet stage C
would meet the criteria for therapy [27]. These
systems are still widely used in clinical practice, but
they do not predict disease progression or response to
therapy. To fill these voids in the management of CLL,
there are numerous ongoing efforts to identify
additional prognostic markers at the cellular and
molecular levels [22].

The first prognostic marker to be used in the clinical
management of CLL was the Rai clinical staging
system [20], which can be used to predict median
survival: stage 0, more than 150 months; stage I: 101
months; stage II: 71 months; and stages I1I or IV: 19
months each. This staging system provides a basic
framework for prognosis estimation and is factored
into the current International Workshop on CLL
guidelines for initiation of treatment. Based on these
guidelines, individuals with Rai stage III/IV would
meet the criteria for therapy [22].

The present findings (Table 3) showed that CD26%
expression does not correlate with the patients’ age or
sex. This was in accordance with the exploratory
studies of Molica et al [14], Matuszak et al [6]
and Hodeib and Shahbah [24]. Meanwhile, the
currently most relevant prognostic score (CLL-IPI)
still uses a weighted grading of five independent
prognostic factors, including clinical stage and age

[9].
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Table 6 Multiple logistic regression analysis: model 1, the test was used for all items

Item (constant) Regression coefficient 5.58 SE 2.855 P=0.086 Significant NS F ratio P Significance
Age -0.004 0.015 0.807 NS
TLC —-0.008 0.02 0.711 NS
BM lymphocytes -0.028 0.012 0.046 S
LDH 0 0.001 0.894 NS
Sex 0.125 0.459 0.792 NS
CD26 0.325 0.155 0.036 S
CD38 0.478 0.762 0.548 NS
ZAP-70 -0.205 0.647 0.76 NS
IgVH -0.834 0.647 0.233 NS
Smear cell -0.494 0.854 0.579 NS
del (11q) 1.376 0.53 0.032 S
del (p53) -0.816 0.506 0.146 NS
del (13q) -0.645 0.458 0.196 NS
Trisomy 12 -2.037 0.822 0.038 S
7.923 0.003 HS

BM, bone marrow; HS, highly significant; LDH, lactate dehydrogenase; NS, nonsignificant; TLC, total leukocyte count; S, significant.

Table 7 Multiple logistic regression analysis: ‘model 2’ the test was repeated only for items whose P values are the best

ltem (constant) Regression coefficient 2.648 SE 1.024 P=0.016 Significant S F ratio P Significance
BM lymphocytes —0.008 0.008 0.35 NS
11q.del 1.711 0.666 0.017 S
Trisomy 12 -0.605 0.507 0.244 NS
CD26 1.785 0.545 0.003 HS
9.214 0 HS
BM, bone marrow; HS, highly significant; NS, nonsignificant; S, significant.
Table 8 Multiple logistic regression analysis: ‘model 3,” the best model that had maximum F ratio and P
ltem (constant) Regression coefficient 1.823 SE 0.732 P=0.02 Significance S F ratio P Significance
del (11q) 1.83 0.653 0.009 HS
CD26 1.863 0.536 0.002 HS
14.983 0 HS

HS, highly significant.

To explore the correlation between CD26% expression
and other laboratory data of B-CLL patients, detailed
statistical analyses were initiated (Table 3). The most
important findings were the significant negative
correlations  between CD26%  expression and
hemoglobin level and platelets count, besides a
significant positive correlation between CID26%
expression and LDH levels. These results were in
agreement with Ibrahim e /. [26] and Hodeib and
Shahbah [24] but were conflicting to Molica ez al. [14]
who failed to detect a relation between CD26
expression in CLL and any clinicohematological
biomarkers of prognostic relevance. However, this
latter study was performed on serum levels of soluble
CD26. The source and mechanism of soluble CD26 in
patients with B-CLL much remains unproven [14].
Yet, treatment of patients with B-CLL is still
significantly and independently influenced by clinical
disease stage (according to Rai), LDH activity, and
CD26 expression on B-CLL cells [6].

The present results (Table 3) documented a more
frequent expression of CD38%, ZAP-70%, and
unmutated IgHV ~ among CD26+  patients,
confirming the prior work of Ghannam es a/ [11].
The assessment of these adverse prognostic indicators
is increasing used in B-CLL. The intriguing question
is whether these combined reactivates are merely
markers of prognostic significance or functionally
involved in the disease biology. Yet, Malavasi ez al.
[28] stated that CD38 is not simply a marker but a
signaling molecule in B-CLL, which induces
proliferation and survival of leukemic cells.

CD26 has many biological functions and may be
involved in the sIgM-mediated signal competence,
which, in witro, seems to unite three important B-
CLL prognostic markers: CD38%, ZAP-70%, and
VH-gene mutational status. Moreover, CD26%
expression (particularly its DPPIV enzyme activity)
induces constitutive phosphorylation of p38, which,
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in B-cell tumors, contributes to tumor growth. In CLL
with B cells expressing ZAP-70, it is possible that
activation (phosphorylation) of ZAP-70 via CD26
signaling may trigger down-stream events with
enhanced survival signals and cell-growth, causing a

more aggressive phenotype [11].

To reduce the awesome and ample prognostic
information to a few clinically relevant crucial
prognostic parameters, comprehensive prognostic scores
were constructed that combine clinical, biological, and
genetic information. Currently, the most relevant
prognostic score is the CLL-IPI [8]. It uses a weighted
grading of five independent prognostic factors: age,
clinical stage, serum P,-microglobulin (>3.5mg/l is
associated with shorter response to treatment and
overall survival), TP53 dysfunction (TP53 deletion
and/or mutation), and IgHV mutational status. The
CLL-IPT separates four groups with different overall
survival at 5 years. However, the prognostic value of the
CLL-IPIwill need to be revised when trials with targeted

agents and a longer follow-up will become available [1].

The simultaneous estimate of CID26%, ZAP-70%, and
CD38% might distinguish different B-CLL patient
subgroups, at least in terms of chemotherapy requisite
and outcome prediction. Moreover, these markers have
many advantages: they can be easily evaluated by FCM
(a widely used technique, easy to perform, and less
expensive) [29]. Their combined evaluation, in patients
with B-CLL, may confirm the worst prognosis. The
ZAP-70 is independently more indicative of the
prognosis than CD38 in Egyptian patients with
CLL. The concordant ZAP-70 and CD38 positive
expression appears to be more useful than ZAP-70 and
CD38 alone [29,30]. The relationship between IgVH
and ZAP-70 is more concordant than the relationship
between IgHV and CD38 [31].

IgHV mutation was documented by PCR in 13 (43.3%)
of the presently studied Egyptian patients with CLL
(Table 2). Based on the IgHV mutational status, CLL
can be divided into two groups that have significantly
different clinical outcomes. Patients with mutated IgHV
have significantly superior outcomes, compared with
unmutated ones. The cells with unmutated IgHV
genes present different capacities to proliferate and
differentiate into antibody-secreting plasma cells, after
in-vitro stimulation, compared with other B-cell subsets
[2]. For physically fit patients more than 65 years
(especially who present with a mutated IgVH gene),
fludarabine,  cyclophosphamide, and  rituximab
chemoimmunotherapy remains the standard therapy,
as it may have curative potential [1].

Evaluation of all these markers and their reactivity
became a routine panel for prognostic stratification
[11]. Both CD38 and ZAP-70 were used as
surrogate markers for IgHV mutation status, as they
are available for clinical use in immunohistochemistry
and FCM analysis. Some markers cannot be used for
routine hematological evaluation [1] owing to the
limited availability, high cost of markers, and
methodological complexity. Sequencing for mutation
status is clearly not easily available in most clinical
laboratories [32]. Interestingly, CD26%, ZAP-70%
and CD38% can be done by FCM, using a single
blood sample, rendering very precise results in a short-
time, mainly suitable for the third world countries that
cannot afford genetic laboratories [29], and especially

with the worldwide financial crises of COVID-19.

For FCM-IPT, markers considered as ‘required’ for the
diagnosis of CLL are CD19, CD5, CD20, CD23,
Kappa, and Lambda, according to current diagnostic
criteria and practice [17]. Simultaneous use of both
polyclonal and monoclonal antibodies can prove
clonality in 85% of patients with CLL at diagnosis,
and increase the sensitivity of light-chain detection by
FCM [33]. Recently, a reproducible approach to
validate and apply these markers in individual
laboratories has been identified. Finally, to refine
diagnosis in borderline cases, a consensus ‘suggested’
a panel of defined markers (CD43, CD79b, CD81,
CD200, CD10, and ROR1) that will be prospectively
evaluated by the International Clinical Cytometry
Society (2017) [17].

Additionally, smear or ‘smudge cells (Gumprecht
nuclear shadows, shadow cells, basket cell) found as
cell debris, are other characteristic morphologic
features seen in CLL [1]. They lack any identifiable
cytoplasmic membrane or nuclear structure. In the
present work, smudge cells less than 30.0% were
found in 66.7% of the studied Egyptian patients with
B-CLL. Innewly diagnosed B-CLL,lower % of smudge
cells (<30%) was significantly correlated with age,
lymphadenopathy, organomegaly, and advanced
staging. It was also associated with high total
leukocyte count, low hemoglobin and platelets count,
and high absolute and atypical lymphocytic count. A
larger % of smudge cells is a better prognostic factor.
Correlation with other prognostic factors revealed an
association between low % of smudge cells and CD38
expression, short lymphocyte doubling time, P53, and
ATM deletions. Patients with more than 30% smudge
cells show longer times before requiring treatment and
longer survival rates than patients with fewer smudge

cells [16].
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The present results (Table 4) documented a highly
significant negative correlation (7=-0.587) between
CD26% expression and low % smudge cell. This
strong significant correlation provided an extra
evidence of the poor prognostic effect of CD26%
expression on the disease progression. This was in
accordance with Nowakowski ez a/ [15] who
reported that % of smudge cells, in patients with B-
CLL, is a prognostic factor, as smudge formation is
related to the content of the cytoskeletal protein
‘vimentin’ present in leukemic cells [15]. The
physiologic role of vimentin may extend beyond
retaining cell integrity. Rearrangement of vimentin
fibers participates in cell activation and signal
transduction. It is equally possible that tumorigenic
events including tumor migration and invasion are a
consequence of vimentin over-expression in these cells.
Therefore, high vimentin expression (low % of smudge
cells) was related to poor outcome and a shortened time

to first treatment (TFT) [34].

Acquired genetic aberrations have an important role in
B-CLL pathogenesis. FISH technology raised
sensitivity of detection of chromosomal aberrations
(found in >80% of patients), and identification of
candidate genes. The most frequent chromosomal
anomalies are partial losses of one affected
chromosome, for example, deletions of 11q22,
17p13, or 13ql4; gains of entire chromosomes, for
example, trisomy 12, are less frequent. Approximately
50% of patients with CLL show single abnormalities,
25% display two abnormalities, and the rest of patients
exhibit complex chromosomal changes [2].

(1) Deletion 11q was confirmed in four (13.3%) of
presently studied patients with CLL. Loss of

1122 is poor
prognostic cytogenetic event, as this location
harbors the ATM gene. The ATM protein is the
main integrator of cellular response after DNA
double-strand breaks, and is responsible for cell-
cycle arrest and apoptosis [35]. Interestingly, both
del(17p) and del(11q) and inactivating somatic
mutations in TP53 and ATM are enhanced in
patients with secondary resistance to DNA
damaging chemotherapy [36,37].

(2) Deletions (17p) were found in 23.3% of the
presently studied newly diagnosed Egyptian
patients with CLL (Table 2) versus 5-8% of
chemotherapy-naive patients. These deletions
almost always include band 17p13 (location of
the prominent tumor suppressor gene, TP53).
The patients with CLL carrying a del (17p)

clone show marked resistance against genotoxic

chromosome considered a
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chemotherapies that cannot be overcome by the
addition of anti-CID20 antibodies in the context of
chemo-immunotherapy [38]. Patients with 17p13
deletion were always included into the highest risk
prognostic  category, owing to  cell-cycle
deregulation caused by loss of TP53, and
unusual chemotherapy requirement [39].

(3) Deletion 13q14 constituted 23.3% of studied
patients with CLL (Table 2). It presents, as the
sole abnormality, in 45% of patients with CLL and
predicts a more favorable prognosis. Patients

13q14

heterogeneous group. The anatomic heterogeneity

harboring deletion  constitute a
is reflected in large versus small deletions,
monoalleleic versus biallelic deletions, and various
deletion extensions into centromeric and telomeric
13q regions. This heterogeneity provides clues to
underlying effects of various 13q14 deletions on
CLL biology and clinical behavior. So, more than

one pathobiological mechanism may underlie the
existence of various 13q14 deletions in CLL.

Clinically, 13q14 deletions were separated into
subtypes that are defined as follows:

(1) Good prognosis, type I [exclusive of
retinoblastoma gene (RB1); ~30% of all CLL].

(2) Poor prognosis, type II [inclusive of RB1; ~20% of
all CLL] lesions. The CLL clinical course is
accelerated in patients with large (type 1I) 13q14
deletions that span the RB1 gene, thus justifying
routine identification of 13q14 subtypes in CLL

management [40].

Patients with CLL with del(13q) (that show a form of
reciprocal translocation with deletion at the 13ql14
breakpoint) show higher rates of concomitant 17p
deletion. The t(13q) and del(13q) patients constitute
a subgroup within the 13qg-deleted CLL cases
associated with a worse clinical outcome. Moreover,
Van Dyke er al. [41] showed that patients with
heterozygous (13q-x1) and homozygous (13q-x2)
deletion of 13q have similar survival and TFT, but
the patients with a higher % of nuclei (>65-85% of
their cells) with the deletion show worse prognosis
with significantly shorter TFT. Interestingly, among
patients with 13q- plus one other FISH abnormality,
concomitant 13q- appears to attenuate the shorter
survival associated with dell7p. Those patients with
larger deletions including the RB1 gene have a
significantly poorer clinical outcome [2].

(a) Mutations of TP53 are found in 23.3% of the
presently studied newly diagnosed Egyptian
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patients with CLL (Table 2), versus 4 to 37% of
patients with CLL, as previously reported [7]. It
was associated with very poor prognosis [7].
Among patients with confirmed del (17p), the
majority shows mutations in the remaining
TP53 allele (>80%). In CLL without del (17p),
TP53 mutations are much rarer but have a
similarly detrimental effect on chemotherapy
response and overall survival [4]. The TP53
mutations are also associated with higher
genomic complexity, indicating that a crippled
DDR promotes a ‘mutator phenotype’ in CLL [4].
(a) Patients with del (17p) or TP53 mutation
respond well to targeted inhibitors of the B-
cell receptor pathway and BCL-2 pathway, for
example, Ibrutinib and venetoclax, respectively.
Hence, patients with these aberrations at
diagnosis or progression should be treated
with these targeted inhibitors [42].
(b) Trisomy 12 was observed in 16.7% of the presently
studied patients with CLL (Table 2) versus 10-20%
of patients with CLL reported in the literature [1,4].
However, the genes involved in the pathogenesis of
CLL carrying trisomy 12 are largely unclear,
probably amplification of MdM2 gene (a mouse
double-minute-2 homolog) is assumed [43].
MdM2 is a primary repressor of P53. Targeting
this protein is an attractive therapeutic approach for
nongenotoxic reactivation of P53 [44].
The prognostic relevance of trisomy 12 remains a
matter of debate [4]. It was considered to as an
intermediate-risk; however, associated trisomy 12,
with an aggressive clinical course, poor predicted
prognosis, and poor disease outcome in Egyptian
patients with CLL was previously claimed [43].
Some authors claimed that it carries a bad
prognostic effect when it is associated with
NOTCH1 mutation, as well as CD38, ZAP-70,
and the integrins (CD11a and CD49d) [29,43,45].

Regarding the correlation between these high-risk
cytogenetic aberrations and CD26% expression, the
present work showed a nonsignificant correlation
between them, probably owing to the limited number
of cytogenetically studied patients, or may also be
attributed to difference in sample size; ethnic, racial,
and genetic backgrounds; and environmental factors.

However, logistic multiregression analysis was done to
provide complementary prognostic information
identifying the most significant independent factors
that can predict advanced disease (Rai stage III/IV) and
poor survival: del (11q) and CD26% positive expression
(Tables 6-8). Del (11q) is a high-risk chromosomal

aberration; its incidence increases over time, thus
highlighting the need to test for it at diagnosis, as
well as at clinical progression. Usually del (11q) is
generally seen in young male patients and tends to
present with bulky LNs. It is associated with rapid
disease progression and a shorter progression-free
survival. Some studies reported that combination
chemoimmunotherapy containing alkylating agents
may overcome the negative prognostic implications
of del (11q). Interestingly recent follow-up data with
new drugs, like ibrutinib, showed durable responses in
treatment-naive and relapsed-refractory patients with
del (11q) abnormality. More importantly, pooled data
from three randomized phase three studies showed that
del (11q) was not a prognostic factor for adverse
outcomes for patients with CLL.

Moreover, the present work proved that CID26 is the
second best independent adverse prognostic predictor to
predict advanced disease (Rai stage III/IV) and poor
survival in CLL (Tables 6-8). In alignment, Ibrahim
et al. [26] and Matuszak ez al. [6] praised its use as a
predictor for shorter progression-free survival, among
the biologic risk factors. The former investigators
evaluated CD26 by 3-color FCM in a series of 103
untreated patients with CLL. Both researchers stated
that CD26 has independent prognostic value, and they
suggested its use as a part of routine panel for prognostic
stratification of CLL [26]. Moreover, treatment is
significantly influenced by CD26 expression [6].

Finally, serum CD26 level was proved to be an important
emerging prognostic marker of B-CLL. In fact, Molica
et al. [14] reported a shorter TFT in B-CLL that
exhibited  higher CD26 levels and
simultaneously demonstrated absence of mutation in
IgVH. The overall survival and disease-free survival
were shorter in patients with B-CLL with positive
CD26 expression compared with patients with
negative CD26 expression. Patients with positive
CD26 expression had significantly shorter overall
survival (16 vs. 20 months) and significantly lower
disease-free survival (6 vs. 16.5 months) at 24 months
compared with those with negative CDD26 expression
[24]. Recently, CD26/DPPIV is potentially useful as a

therapeutic target in specific malignancies [13].

serum

Conclusion

In conclusion, the present work documented that the
del (11q) and surface expression of CD26% are
considered the worst independent prognostic factors,
in newly diagnosed Egyptian patients with CLL at

diagnosis, and at clinical progression. Both markers
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predict advanced disease (Rai stage III/IV) and poor
survival. CD26% expression significantly correlated
with  high-risk  prognostic ~markers (advanced
modified Rai staging, low hemoglobin and platelets
count, and high % of atypical lymphocytes and serum
LDH The present study established

significantly correlations between CD26% expression

levels).

and other relevant prognostic factors, for example,
CD38%, ZAP-70%, low % of smudge cells (<30%),
and the unmutated status of IgHV. CD26% is
recommended as a part of routine future panel for
prognostic stratification of Egyptian patients with
CLL at diagnosis. Detection of CD26% expression
by FCM can replace more tedious, laborious, and time-
consuming molecular genetics and cytogenetic
techniques, mainly in the third world countries,

especially during the economic crises of COVID-19.
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