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Abstract
Introduction. Standard treatment for chronic lymphocytic leukemia (CLL) has experienced a dramatic change over 
the last few years. Until recently, CLL was treated using chemoimmunotherapy (CIT) with anti-CD20 monoclonal 
antibodies. Even though novel agents such as BTKi (Bruton Tyrosine Kinase inhibitor) and BCL2 inhibitors are the 
standard of care in most therapeutic settings, CIT still has its place in CLL treatment. Interestingly, little is known 
about its effects on the immune system of patients with CLL. Contrary to the reduction of the number of CLL cells 
during CIT administration, little attention has been paid to the cellular microenvironment, the evaluation of which 
during treatment may provide additional information about the course of the disease and prognosis and therefore was 
set as the aim of this study.
Material and methods. Flow cytometry was used to evaluate the phenotypes of different populations and subpopula-
tions of lymphocytes in the peripheral blood (PB) of 20 patients with CLL before, during, and after CIT.
Results. During the CIT with R-FC (Rituximab, Fludarabine, and Cyclophosphamide) and R-B (Rituximab, Benda-
mustine) regimens, the sizes of the assessed populations and subpopulations of lymphocytes were dramatically reduced. 
Twenty-eight days after the first course of treatment, the exponential decrease of CLL cells was observed, and their 
number had declined to the median level of 10% of the numbers observed before the treatment. T cells, NK cells, NK-
CD56dim, NKT-like, and NKT-like CD56dim also decreased exponentially. After the second treatment course, a decline 
in the numbers of T, NK, NKCD56dim, NKT-like, and NKT-like CD56dim cells was observed, which were stable until 
the sixth treatment course. However, the number of NKT-like CD56bright cells decreased to the third course of treatment 
and then increased. The number of CLL cells in peripheral blood correlated with the number of NKCD56bright cells, 
influencing the treatment response.
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Introduction 

Chronic lymphocytic leukemia (CLL) is a neoplastic 
disease characterized by the accumulation of pathologi- 
cal B lymphocytes in the peripheral blood (PB), bone 
marrow, and lymphoid organs. CLL is characterized 
by the occurrence of many clones of neoplastic cells 
that constantly evolve during the disease [1]. While 
certain factors such as genomic changes in CLL cells 
were shown to play a vital role in its pathogenesis, 
the influence of external factors such as direct CLL 
cells’ interactions in the microenvironment has not 
been fully elaborated, despite their important role, as 
they allow CLL cells to avoid immune surveillance 
[2, 3]. Key features of CLL are defects in the immune 
system and the ability of CLL cells to evade immune 
defenses and induce immunosuppression, resulting 
in increased susceptibility to infections and disease 
progression. Many factors in the microenvironment 
promote proliferation, survival, and resistance of CLL 
cells. Moreover, the importance of the microenviron-
ment in CLL is demonstrated by the clinical effects 
of new drugs, which disrupt the interaction between 
neoplastic cells and the tissue microenvironment [4–6]. 
The complex architecture of the microenvironment of 
circulating CLL cells in the PB, both before and during 
the treatment of CLL patients, has not yet been fully 
described. Previous studies have focused on individual 
populations of PB cells after the end of treatment and 
have included the assessment of activation disorders 
and depletion of T lymphocytes [7–9] and emphasized 
the impaired function of natural killer (NK) cells in 
CLL patients [10, 11]. The role of T cells in defense 
against CLL and CLL progression and chemoimmuno-
therapy (CIT) has been extensively studied [12]. Less 
is known about the role of NK cells and natural killer 
T (NKT-like) cells in this leukemia, and data on NK/ 
/NKT-like cell alterations in CLL and cancers are con-
trasting [11, 13]. NK cells, which constitute approxi-
mately 4–15% of PB lymphocytes, can be divided into 
two subsets, dim and bright, according to CD56 sur-
face density expression [14]. Dim (CD3–/CD56+dim) 
NK cells are cytolytic and comprise more than 90% 
of CD3–/CD56+ NK cells, whereas bright (CD3–/ 
/CD56+bright) NK cells play immunoregulatory 
function generally via cytokine production. Bright  

(CD3–/CD56+bright) NK cells, which lack perforin granu- 
les, display homing receptors required for migration 
to secondary lymph nodes [15]. NKT-like (CD3+/ 
/CD56+) cells constitute a unique subset of T cells 
that lie at the interface between innate and adaptive 
immunity with the ability to induce antitumor effects. 
They represent a small but distinctive population of  
T lymphocytes, constituting approximately 0.02–0.2% 
of human circulating T cells. NKT-like cells possess 
cytotoxic capabilities but are primarily considered to 
have an essential regulatory function via the secre-
tion of large amounts of pro- or anti-inflammatory 
cytokines upon activation, thereby resulting in ampli-
fication or dampening of the immune responses [13].

NKT-like cells do not represent a homogeneous 
population but do not differentiate into CD56 bright 
and dim cells. Comprehensive research into circulating 
immune cells and their relationship to CLL cells before 
and during treatment could contribute to a new look 
at the complexity of immunology of CLL. We have 
characterized the populations and subpopulations of 
immune cells that shape the CLL microenvironment 
in the PB, along with CLL cells in 20 patients. In 
this work, we analyzed the phenotypes and levels of 
lymphocytes in patients before, during, and after CIT 
using the Rituximab (R) with Bendamustine (B) and R, 
Fludarabine (F), and Cyclophosphamide (C) regimens, 
trying to understand the long-term changes associated 
with CIT that may affect them, the interaction between 
different subtypes of lymphocyte subpopulations, and 
the potential implications for the immune system, the 
course of the disease and response to treatment.

Materials and methods

Patients and samples. The study group consisted of 21 patients 
(13 men and 8 women) diagnosed with CLL. Twenty patients 
were included in the analysis, as one died during treatment. The 
mean age of the patients was 66 years (range: 35 to 82 years). 

Five patients in the study group were relapsed patients 
formerly treated with at least one line of CIT using R. Three 
patients had previously received one treatment regimen, one 
had received two treatment regimens, and one had received 
four treatment regimens (Table 1). The median interval between 
treatment courses in patients receiving R was 32 months. Ten 
healthy donors/volunteers (median age 61 years, range: 42 to 

Conclusions. Upon CIT, the reduction of CLL cells is accompanied by shifts in immune cell populations, T, NK, and 
NKT-like cells. Monitoring changes of those cell populations in the peripheral blood may serve as an important pre-
dictive and prognostic indicator. (Folia Histochemica et Cytobiologica 2022, Vol. 60, No. 3, 203–214)
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91 years) were included as controls. The disease was diagnosed 
in the Flow Cytometry Laboratory at the Maria Sklodowska- 
-Curie National Research Institute of Oncology in Warsaw, 
Poland, based on flow cytometry (FCM) criteria of PB involve-
ment, as previously described [1, 16] and/or histopathological 
examination of lymph nodes according to the 2016 revision of 
the World Health Organization (WHO) lymphoma classification 
and new European Society for Medical Oncology (ESMO) diag-
nostic recommendations [1, 17]. Detailed clinical characteristics 
of the patients are presented in Table 1. All patients met the 
criteria for treatment inclusion according to the International 
Workshop on Chronic Lymphocytic Leukemia (IWCLL) [18]. 
Nine patients, relatively young (under 60–65 years of age) or 
those without other significant diseases, in good general condi-
tion, were given F (25 mg/m2 during the day) and C (250 mg/
m2 per day) for the first 3 days in the intravenous or oral form. 
The remaining 11 elderly comorbid patients in a worse general 
condition were given B intravenously (90 mg/m2 during the 
day) for 2 days each cycle. 375 mg/m2 of R was administered 

intravenously to both groups on day 0 of cycle one, followed 
by 500 mg/m2 for the subsequent 5 cycles on day one. 

The median treatment courses were 6 (range, 4–6). If 
the neutrophil count and PLT were too low, then subsequent 
treatment courses were delayed at the treating physician’s dis-
cretion. Granulocyte colony-stimulating factor (G-CSF) was 
administered during treatment as recommended by the treating 
physician. Dose reductions of F and C, but not R, occurred if 
the patient experienced Grade 3 or 4 prolonged hematological 
toxicity, infection, or organ failure. In three patients, due to 
neutropenia, treatment was discontinued on the 4th treatment 
cycle (patient no. 16) and on the 5th cycle (patient no. 17), and 
patient no. 5 discontinued treatment after the 5th cycle, for per-
sonal reasons. Response to treatment was assessed according 
to the National Cancer Institute-sponsored Working Group 
(NCI-WG) criteria for CLL [19]. All CLL patients have given 
written informed consent for using PB for research purposes, 
per the Declaration of Helsinki. The study was approved by the 
local ethics committee of the National Institute of Oncology 
No. 8/2020.

Table 1. Characteristics of clinical and laboratory parameters in twenty patients with CLL 

Patient number Age [years]/ 
sex

WBC (G/L) Treatment Treatment 
response 

Previous treatment 

1 35/m 19.05 6 R-FC CR

2 72/m 59.4 6 R-B PR

3 62/m 12.37 6 R-B CR

4 69/m 7.31 6 R-B CR R-FC

5 49/m 316.74 5 R-FC PR

6 73/m 119.21 6 R-B CR R-CVP

7 49/f 29.27 6 R-FC PR

8 58/f 163.64 6 R-B PD B, R chlorambucil, R-CVP, C, 
CHOP, R-CHOP, R-B

9 59/f 13.21 6 R-FC CR

10 70/m 16.47 6 R-B CR

11 66/m 38.87 6 R-FC CR

12 67/f 62.14 6 R-B CR

13 70/f 29.01 6 R-B CR

14 72/f 96.06 6 R-B NR R-B, R

15 67/m 34.01 6 R-B CR

16 48/m 137.77 4 R-B PR R-FC

17 50/m 11.55 5 R-FC CR

18 72/f 16.45 6 R-FC CR

19 56/m 84.42 6 R-FC CR

20 67/f 169.05 6 R-FC CR

Abbreviations: CR — complete remission; f — female; m — male; NR — no response; PD — progressive disease; PR — partial remission; R-B — Rituxi-
mab + Bendamustine; R-CHOP — Rituximab + Cyclophosphamide + Doxorubicin hydrochloride + Vincristine + Prednisolone; R-CVP — Rituximab  
+ Cyclophosphamide + Vincristine + Prednisolone; R-FC — Rituximab + Fludarabine + Cyclophosphamide; WBC — white blood cells.
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Flow cytometry (FC). Absolute numbers and percentages of 
lymphocyte populations were determined in the whole periph-
eral blood. The PB was aspired into tubes for EDTA twice, both 
before and after treatment initiation. The PB was then incubated 
with the mixture of conjugated antibodies [CD19 FITC (clone 
SJ25C1), CD3 PerCP (SK7), CD56 Pe-Cy7 (NCAM16.2), 
CD5 APC (L17F12); Becton-Dickinson (BD), San Jose, CA, 
USA] for 15 min in the dark, at room temperature. Red blood 
cells were lysed with 2 mL of Facial Action Coding System 
(FACS) lysing solution (diluted 1:10 with distilled water) and 
washed with phosphate-buffered saline. The samples prepared 
in this way were determined using flow cytometry. Analysis was 
conducted no later than 30–60 min from the start of the proce-
dure. The number and percentage of the CLL and immune cell 
populations were expressed as a number of cells per unit volu- 
me (cells/µL) and calculated by multiplying the percentage of 
FC-derived cells by the number of lymphocytes from complete 
blood counts measured by the SYSMEX automated hema-
tology analyzer (SYSMEX CANADA, INC., Mississauga, 
Canada). The following cell types were immunophenotyped: 
CLL cells (CD19+/CD5+), normal B cells (CD19+/CD5–), 
T cells (CD3+/CD56–) or (CD5+/CD56–), NK cells (CD3–/ 
/CD56+dim) and (CD3–/CD56+bright) and NKT-like cells (CD3+/ 
/CD56+dim) and (CD3+/CD56+bright). The analysis was performed 
using a BD FACSCanto™ II Flow Cytometer. Flow cytometry 
data were analyzed using BD FACSDiva™ software v. 6.1.3. 
Positive expression was defined using negative control antibody 
staining to determine negative/positive cut-off points and these 
were consistently used in all samples.

Statistical analysis. During the treatment of patients with CLL, 
the mean number of lymphocyte populations with the corre-
sponding standard deviation (SD) was calculated. Apart from 
the small fractions of NKCD56+bright and NKT-like CD56+bright 

lymphocytes, there was an approximately exponential decrease 
in their concentration compared to the number before treatment. 
For individual patients, the number of CLL cells was correlated 
with the number of other cell categories. Then, the mean values 
of the calculated correlation coefficients in the group of patients 
distinguished by the treatment effects assessed as mentioned 
according to the NCI-WG criteria for CLL were compared 
[19]. The slope coefficients (linear regression coefficients, 
LRC) between the number of cells in consecutive treatment 
courses were also calculated for each patient. SAS software  
v. 9.4 (SAS Institute Inc., Cary, NC, USA) was used to perform 
statistical calculations.

Standard assessment of the course of treatment. Standard 
evaluation of the course of treatment was performed as follows: 
the number of specified cell populations was transformed as 
a function of x log (x + 1), e.g. the number of CLL cells (log 
CLL). Adding 1 was because all numbers are less than 1, and 
log (x) would produce negative numbers. Moreover, after the 
third, fourth, and fifth courses of treatment, most patients had 
a low number of B cells, including CLL cells. The straight line 
equation (y = ax + b) was calculated from the log values of the 

cells after successive treatment courses, and the coefficient 
“a” at x, the slope coefficient, was taken as a measure of the 
change in a specific subpopulation of lymphocytes in the PB 
during treatment.

Results

Analysis of the number of immune cells before and 
during treatment according to the R-FC  
(Rituximab, Fludarabine, and Cyclophosphamide)  
and R-B (Rituximab and Bendamustine) protocols
To assess the effect of CIT on the immune system, the 
phenotype, and the number of different populations 
and cell subpopulations in twenty patients with CLL. 
The data were obtained and analyzed before and after 
every course of CIT (Fig. 1). Besides the small frac-
tions of NKCD56bright and NKT-like CD56bright cells, the 
remaining cells showed an approximately exponential 
decline in cell numbers compared to pre-treatment.

After the first treatment course, there were sig-
nificant decreases in the number of all 9 assayed cell 
populations and lymphocyte subpopulations compared 
to pre-treatment levels, with a relatively high degree 
of variability in the group of studied patients. After 
the first course of treatment with the R-B and R-FC 
regimens, log CLL decreased quickly. CLL cells 
showed an extreme decline to median levels of 10% 
compared to count before therapy. The numbers of T 
cells, NK cells, NKCD56dim, NKT-like, and NKT-like 
CD56dim also decreased exponentially as a percentage 
of pre-treatment G/L (relative number), though to 
a lesser extent. After the second course of treatment, 
a decrease in the relative number of T lymphocytes, 
NK cells, NKCD56dim, NKT-like, and NKT-like CD-
56dim was observed, which remained constant until 
the sixth course (Fig. 2). The number of T lympho-
cytes decreased during treatment with R-B and R-FC 
regimens, but with no apparent differences between 
the two treatment regimens (median R-B and R-FC 
were 1 and 0.8 respectively). In the case of NKT-like 
CD56bright cells, a decrease in their number to the third 
course was observed, while in the following three treat-
ment courses, their number slightly increased and then 
decreased. The relative number of NKCD56bright cells 
decreased to the second course and then increased with 
each subsequent treatment course. These observations 
indicate the directions of changes in the lymphocyte 
peripheral blood populations during treatment.

Response to treatment of CLL patients in the  
context of changes in CLL and NKCD56bright  
cell counts
Response to treatment was assessed according to 
the NCI-WG criteria for CLL [19]. The numbers of 
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CLL, T, B, NK, NKT-like, and NKCD56dim cells in 
the patients’ PB were compared with the response to 
treatment. There were no differences in the absolute 
number of T lymphocytes, NK cells, NKCD56dim,  
NKCD56bright, and NKT-like CD56bright cells before 
therapy between patients and healthy individuals. 
However, a higher total number of NKT-like cells 
and NKT-like CD56dim cells was demonstrated in 
CLL patients. The number of cell populations and 
subpopulations during treatment were then analyzed 
for each CLL patient up to and including the fourth 
course. Then it was checked whether the number of 
individual cell populations is related to the NCI-WG 

response criteria to treatment [19]. It was observed that 
the faster decline in CLL cell counts up to the fourth 
treatment course was more common in patients whose 
response to treatment was assessed as partial response 
(PR) or progressive disease (PD). NKCD56bright cell 
counts behaved similarly, with the fastest decline in 
patients with PR or PD. 

To analyze in more depth the relationship between 
the microenvironment of immune cells and the number 
of CLL cells during CIT, possible correlations between 
the number of NKCD56brigh cells and the number of 
CLL cells depending on the response to treatment 
were examined. During the treatment of patients with 

Figure 1. Lymphocyte subtypes and absolute numbers of the lymphocyte subgroups shown were determined by flow cytometry on 
peripheral blood samples from twenty patients with chronic lymphocytic leukemia (CLL) before, during, and after chemoimmuno-
therapy (CIT). Results are presented as means and standard deviations with minimal and maximal values and 25–75% quantiles: 
range of variation indicates that approximately 70% of data fall within this range.
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CLL, the mean number of lymphocyte populations was 
assessed together with possible correlations between 
the number of CLL cells and the number of remaining 
lymphocyte populations from the first treatment course 
to the end of treatment. A correlation was demonstrat-
ed between the number of CLL cells and the number 
of NKCD56bright cells depending on the response to 
treatment expressed as complete remission CR/PR/PD. 
Significant differences of CR < PR < PD were obtained 
for the correlation of the number of CLL cells with the 
number of NKCD56bright cells when all treatment cours-
es from the first course to the end of treatment were 
taken into account (p = 0.0046; Table 2). Correlation 
analysis presented in Table 2 and data are shown in 
Fig. 3 demonstrate that changes in NKCD56bright cell 
counts indicate patients who are more likely to process 
into complete or partial remission in the investigated 
group of patients. 

Assessment of patients’ treatment 
Treatment of patients was carried out in six courses 
except for patients no. 5, 16, and 17 (Table 1). After 
each treatment course, the number of individual pop-
ulations and subpopulations of cells was analyzed 
and compared with the number before the start of the 
treatment. The slope factor was calculated for each 
patient and called the Linear Regression Coefficient 
(LRC) between the treatment course number from 
0 (baseline data) up to course number 4, inclusive, 
and the log transposed numbers of the distinguished 
cell populations.

LRC (the rate of decline in the number of the spec-
ified categories of lymphocytes) were called treatment 
evaluation indexes. The best treatment results were 
achieved when the LRC for the transposed CLLs 
cells were as small as possible (mostly negative) and 
for the remaining categories of lymphocytes as small 
as possible the least negative or positive. LRCs for 
subsequent patients are listed in Table 3. 

Analysis of the relationship between the relative 
number of NKCD56bright cells and response to 
treatment in patients with CLL
NKCD56bright cell count was defined and presented as 
absolute levels relative to pretreatment for each patient 
(Fig. 4). A correlation was demonstrated between the 
number of CLL cells and the number of NKCD56bright 
cells depending on the response to treatment expressed 
as complete remission CR/PR/PD. 

Discussion

Standard treatment of CLL has experienced a dramatic 
change over the last few years. Until recently, CLL 
was treated using CIT with anti-CD20 monoclonal 
antibodies. Patients received more or less intensive 
CIT. The CIT regimens are selected on the basis of 
patient fitness and are suitable for those without the 
high–risk markers of 17p deletion or TP53 mutations, 
who typically have a poor prognosis and are largely 
resistant to CIT regimens [20, 21]. Currently, patients 
with 17p deletion or TP53 mutation. are mostly treated 

Figure 2. The mean number of cell populations and subpopulations in subsequent treatment courses of CLL patients as a percentage 
of pre-treatment G/L values (compare with Fig. 1). 
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with novel agents, including BTK inhibitors, BCL2 in-
hibitors, and PI3K (phosphoinositide 3-kinases) 
inhibitors [17, 22, 23]. CLL is an incurable disease, 
therefore, most patients relapse on or after treatment 
with these drugs and require multiple lines of therapy. 
Our study presents and discusses changes in the im-
mune system during treatment with the most common 
treatment regimens for CLL, namely R-FC and R-B. 
Although treatment of patients with CLL with these 
regimens has been carried out for many years, there is 

still little knowledge about its effects on the immune 
system, especially on the subpopulation of NKT-like 
and NK lymphocytes. For many years, therapeutic 
approaches have focused on suppressing the number of 
CLL cells to reduce the tumor burden. Apart from the 
reduction in the number of CLL cells, little attention 
has been paid to the CLL microenvironment, whose 
evaluation during treatment may provide additional 
information about the course of the disease and its 
prognosis. There is growing evidence that immune 

Table 2. Correlations between the number of CLL cells in the peripheral blood and the number of T cells and lymphocyte subpopu- 
lations from the first treatment course to the end of treatment

Treatment response CR PR PD F P

T cells mean 0.147 0.225 0.411 0.19 0.8319

SD 0.412 0.600 .   

NK cells mean 0.198 –0.104 0.372 0.49 0.6192

SD 0.549 0.722 .   

NKCD56+bright mean –0.325 –0.141 0.908 7.69 0.0046

SD 0.233 0.518 .   

NKCD56+dim mean 0.274 –0.103 0.125 0.73 0.4989

SD 0.514 0.699 .   

NKT cells mean 0.429 0.002 –0.044 1.51 0.2509

SD 0.495 0.427 .   

NKTCD56+bright mean 0.252 –0.049 –0.239 0.76 0.4824

SD 0.550 0.521 .   

NKTCD56+dim mean 0.416 0.032 0.005 1.03 0.3800

SD 0.541 0.430 .   

Abbreviations: CR — complete remission; PD — progressive disease; PR — partial remission.

Figure 3. Treatment response of CLL patients and changes in CLL cells’ and NKCD56bright cells’ counts. Abbreviations:  
CR — complete remission; NR — no response; PD — progressive disease; PR — partial remission.
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function is associated with treatment response. Thus, 
knowledge of the effects of CIT on the immune system 
may be the key to their successful use in patients.
Few publications have reported on the complex re-
lationship between the CLL clone/s and the immune 
system [24, 25]. The immune microenvironment’s 
interactions with CLL cells play an important role 
since they allow the CLL cells to escape from immune 
surveillance and promote their growth and/or survival. 
These interactions could result in abnormalities in the 
number and function of both T and NK lymphocytes 
that encounter CLL cells in the peripheral blood of 
patients with CLL, which are crucial for disease course 
and its progression, and distant treatment outcomes 
[26 –29]. Until recently, two commonly used treat-
ment regimens for CLL were R-FC and R-B. R-FC 
was the standard treatment for previously untreated 

young CLL patients with high overall response rates 
of 44% and a median progression-free survival of al-
most 52 months [30]. The R-B treatment regimen was 
associated with fewer hematologic complications and 
infections than R-FC treatment. However, treatment 
with this regimen also decreases the number of CD4+ 
cells, delaying their regeneration [31]. 

Our study did not find any differences in the impact 
of FC-R and B-R regimens on T-cell subpopulations. 
According to the literature, the choice of cytotoxic 
agents is essential because Fludarabine has immuno-
suppressive effects, while Cyclophosphamide may 
have immunostimulatory effects. Fludarabine and/or 
Cyclophosphamide, which are very effective treatment 
regimens for CLL, may interfere with the therapeutic 
strategy of T-cell activation. Previous analysis of 
peripheral blood samples from CLL patients before 

Table 3. Log transformed G/L + 1 ratios for individual cell categories in twenty patients with CLL determined during treatment

N
um

be
r the slope  

coefficient (a)

CLL T NK NK  
CD56bright

NK 
CD56dim

NKT NKT
CD56bright

NKT
CD56dim

1 –0.2130 –0.0173 –0.3106 0.0001 0.0072 0.0006 0.0001 0.1242

2 –0.4334 0.0585 0.2037 0.0016 0.0170 0.0024 0.0016 0.8679

3 –0.1010 –0.0629 –0.5820 0.0000 –0.0625 –0.0038 0.0000 –0.4761

4 –0.0688 –0.0572 –0.2577 0.0000 –0.0215 –0.0006 0.0000 –0.0824

5 –0.5390 –0.1110 –0.2366 0.0001 –0.0329 0.0005 0.0001 0.0905

6 –0.4084 –0.1387 –0.3579 –0.0025 –0.0323 –0.0176 –0.0025 –1.1237

7 –0.3350 –0.0387 –0.1606 0.0011 –0.0214 –0.0312 0.0011 –0.6806

8 –0.4978 –0.0924 –0.1453 –0.0004 –0.0244 –0.0120 –0.0004 –0.9984

9 –0.1235 –0.0261 –0.1405 –0.0007 –0.0170 –0.0265 –0.0007 –0.8937

10 –0.2196 –0.0225 –0.2631 –0.0001 –0.0300 –0.0003 –0.0001 –0.0359

11 –0.3084 –0.0661 –0.4243 –0.0002 –0.0337 –0.0439 –0.0002 –1.5446

12 –0.3653 –0.0219 –0.1349 –0.0002 –0.0088 –0.0160 –0.0002 –1.0167

13 –0.2716 –0.0099 –0.2013 –0.0027 –0.0190 –0.0311 –0.0027 –1.2516

14 –0.2080 –0.0384 –0.1345 –0.0001 –0.0104 –0.0049 –0.0001 –0.3813

15 –0.2829 –0.0445 –0.1504 0.0003 –0.0163 –0.0434 0.0003 –1.1179

16 –0.4421 –0.0654 –0.2630 0.0000 –0.0281 –0.0163 0.0000 –0.9031

17 –0.1326 –0.0613 –0.4917 –0.0002 –0.0424 –0.0255 –0.0002 –0.8857

18 –0.0052 0.0026 –0.0166 0.0003 –0.0004 0.0096 0.0003 0.4591

19 –0.3779 –0.0657 –0.1885 –0.0006 –0.0266 –0.0066 –0.0006 –0.6622

20 –0.4557 –0.1280 –0.2465 0.0004 –0.0179 0.0035 0.0004 0.4349

The linear regression coefficient (LRC) is called the slope of the log line was established as described in Materials and methods. The equation of the line  
y = ax + b, where the coefficient ‘a’ determines the angle of inclination of the plot of the linear function to the x-axis.
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and during Fludarabine/Cyclophosphamide therapy 
showed a rapid and sustained reduction in the number 
of tumor cells, but also suppression of the number of 
CD4+ and CD8+ cells [32].

The effect of B

Bendamustine on specific lymphocyte subsets, par-
ticularly CD4+ lymphopenia, is often severe and 
may persist for a prolonged period (> 3 years) after 
treatment [ 31]. 

An important aim of the current study was to com-
pare the number of T cells, NK cells, and NKT-like 
cells in patients with CLL and healthy controls, and 
further analyze the subpopulations of lymphocytes 
after up to six courses of CIT. No description of such 
systematic observations was found in the literature. We 
observed in patients with CLL before treatment that 
there is an increase in the total number of T cells, NK 
cells, and NKT-like cells in the PB in parallel with the 
increase in CLL cells. This observation has long been 
reported in the literature, where many abnormalities 
of immune function have been presented in patients 
with CLL [33–38]. The study of the potential associ-
ation of the analyzed lymphocytes’ subpopulations 
(T, NK, NKT-like) with CLL cells was indirect, i.e., it 
concerned the quantitative analysis of the above-men-
tioned lymphocyte subpopulations in the PB before 
and during CIT. Our results thus indicate that CLL is 
accompanied by an increased or decreased number of 
normal B lymphocytes, NKT-like cells, and NKT-like 
CD56dim cells compared with healthy individuals, with-

out determining whether this condition is a cause or 
effect of the CLL. Studies determining the relationship 
of the number of lymphocyte subpopulations to prog-
nosis, as well as dynamic analyses of changes in the 
number of these lymphocytes throughout the disease, 
have additional value. During treatment with R-FC and 
R-B regimens, we found decreases in all lymphocyte 
populations and subpopulations, including T cells, B 
cells, and NK cells, confirming that CIT affects the 
immune system and its cells. Previous studies have 
primarily documented the sensitivity of T cells to 
Fludarabine [39, 40]. It has also been described that 
NK cells were relatively preserved after treatment with 
the R-FC regimen [40].

Comparative data on CD4+ lymphocyte recovery 
after R-B versus R-FC treatment have not been pub-
lished, but the evidence discussed above suggests that 
CD4+ lymphocyte recovery after RB treatment may 
take longer compared to R-FC [41]. Our study showed 
that in patients with CLL, the number of CLL cells in 
the PB decreased after each course of treatment. The 
decline in the number of CLL cells was so rapid that 
the number of CLL cells in peripheral blood had to 
be transformed into a logarithmic scale and simple 
equations calculated to make statistical inferences. On 
this basis, the LRC was calculated. The calculation 
method used assessed the quality of treatment and 
provided a basis for evaluating the prognosis after only 
the fourth course of treatment. In addition to profound 
changes in lymphocyte populations during treatment, 
patients with CLL showed a decrease in T cells, NK 
cells, NKCD56dim, NKT-like cells, and NKT-like  

Figure 4. NKCD56bright cells after treatment of CLL patients with R-FC and R-B regimens. Absolute numbers were determined 
by flow cytometry on peripheral blood samples collected before, during, and after CIT. Data are shown as absolute numbers (a) or 
relative to matched levels before CIT (b). Abbreviation: X-axis — number of treatment courses.
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CD56dim cells by the second course of treatment, which 
remained constant until the sixth course of treatment. 
NKT-like CD56bright cells showed a decrease in their 
number up to the third course, while their number in-
creased slightly in the following three courses of treat-
ment. NKCD56bright cells behaved differently, with the 
total count decreasing until the second course and then 
increasing with each subsequent course of treatment. 
Therefore, in the context of changes in the number of 
NKCD56bright cells and the clinical response to treat-
ment, it seems important to systematically monitor 
patients up to the fourth course of treatment, as this is 
the time point, at which an increase in the number of 
these cells occurs, and may be vital in distinguishing 
such patients who will be observed to have PR or re-
lapse despite the absence of other laboratory changes.
Because NK cells are thought to be critical immune 
effectors for disease control and defense against patho-
gens, we analyzed in detail the number of NKCD56bright 
cell populations that increased after each successive 
course of CIT. We observed that NKCD56bright cell 
labeling might be a parameter for predicting treatment 
progression. A correlation of CLL cell counts with 
NKCD56bright cell counts was observed during the 
treatment of patients with CLL. The ratio between the 
number of CLL cells and the remaining population and 
subpopulations was evaluated from the start to the end 
of treatment. We found that this ratio can be used to 
assess the treatment outcome of patients numerically, 
however, it does not depend on the number of CLL 
cells before treatment, which has not been described 
before. 

In addition to the clinical evaluation of the therapy 
characterized as CR, PR, and PD, equally important 
is the numerical evaluation of the treatment outcome, 
which could be a secondary summary evaluation also 
based on the response defined as CR/PR/PD. This 
may be of practical importance, as determining the 
number of CLL cells in G/L and NKCD56bright cells 
after each course are sufficient to calculate the cor-
relation coefficient. In addition, the lower number of 
CLL cells remaining in peripheral blood after each 
treatment course, the higher NKCD56bright cells count 
can be indicated. It can be speculated that NKCD56bright 
cells can migrate from lymph nodes or other organs 
into blood [42–44].

In conclusion, the results show that treatment with 
R-FC and R-B regimens, which until recently were the 
standard of care for CLL patients, induces changes 
in the peripheral blood levels of T lymphocytes, NK 
cells, and NKT-like cells. Changes in the immune 
system accompany the treatment-induced reduction 
of the number of CLL cells; therefore, it is possible 
to monitor the effects of drugs on these cells closely 

during the treatment. Quantifying the lymphocytes’ 
(sub)populations by flow cytometry during treatment 
may have prognostic significance. NKCD56bright cells 
may be a prognostic clue and provide a marker to 
assess the treatment’s efficacy.

Authors’ contributions

Katarzyna Blachnio and Jerzy Kawiak designed the 
study and wrote the manuscript. Grzegorz Rymkiewicz 
contributed to the diagnosis of chronic lymphocytic 
leukemia. Beata Grygalewicz, Renata Woroniec-
ka, Jolanta Rygier, and Barbara Pienkowska-Grela 
performed cytogenetic tests and contributed to the 
preparation of the manuscript. All authors agree to be 
accountable for the work. 

Conflict of interest

The authors declare no conflicts of interest.

References
1. Campo E, Ghia P, Montserrat E, Harris NL, Müller HK, Stein H, 

Swerdlow SH. Chronic lymphocytic leukaemia/small lympho-
cytic lymphoma. In: Swerdlow SH, Campo E, Harris NL, Jaffe 
ES. ed. WHO Classification of Tumours of Haematopoietic and 
Lymphoid Tissues. 4th ed. WHO, Lyon 2017: 216–221.

2. Burger JA, Gribben JG. The microenvironment in chronic lym-
phocytic leukemia (CLL) and other B cell malignancies: insight 
into disease biology and new targeted therapies. Semin Cancer 
Biol. 2014; 24: 71–81, doi: 10.1016/j.semcancer.2013.08.011, 
indexed in Pubmed: 24018164.

3. Svanberg R, Janum S, Patten PEM, et al. Targeting the tumor 
microenvironment in chronic lymphocytic leukemia. Hae-
matologica. 2021; 106(9): 2312–2324, doi: 10.3324/haema-
tol.2020.268037, indexed in Pubmed: 33882636.

4. Choi MY, Kashyap MK, Kumar D. The chronic lymphocytic 
leukemia microenvironment: Beyond the B-cell receptor. Best 
Pract Res Clin Haematol. 2016; 29(1): 40–53, doi: 10.1016/j.
beha.2016.08.007, indexed in Pubmed: 27742071.

5. Kuderer NM, Dale DC, Crawford J, et al. Mortality, morbid-
ity, and cost associated with febrile neutropenia in adult can-
cer patients. Cancer. 2006; 106(10): 2258–2266, doi: 10.1002/
cncr.21847, indexed in Pubmed: 16575919.

6. Fontanella C, Bolzonello S, Lederer B, et al. Management of 
breast cancer patients with chemotherapy-induced neutropenia 
or febrile neutropenia. Breast Care (Basel). 2014; 9(4): 239–245, 
doi: 10.1159/000366466, indexed in Pubmed: 25404882.

7. Roessner PM, Seiffert M. T-cells in chronic lymphocytic leu-
kemia: Guardians or drivers of disease? Leukemia. 2020; 34(8): 
2012–2024, doi: 10.1038/s41375-020-0873-2, indexed in Pu-
bmed: 32457353.

8. Man S, Henley P, Chronic lymphocytic leukaemia: the role of T 
cells in a B cell disease. Br J Haematol. 2019; 186(2): 220–233, 
doi: 10.1111/bjh.15918, indexed in Pubmed: 30945268.

9. Mozaffari F, Lindemalm C, Choudhury A, et al. NK-cell and T-cell 
functions in patients with breast cancer: effects of surgery and 
adjuvant chemo- and radiotherapy. Br J Cancer. 2007; 97(1): 105–
111, doi: 10.1038/sj.bjc.6603840, indexed in Pubmed: 17551492.

10. Parry HM, Stevens T, Oldreive C, et al. NK cell function is mark-
edly impaired in patients with chronic lymphocytic leukaemia 

http://dx.doi.org/10.1016/j.semcancer.2013.08.011
https://www.ncbi.nlm.nih.gov/pubmed/24018164
http://dx.doi.org/10.3324/haematol.2020.268037
http://dx.doi.org/10.3324/haematol.2020.268037
https://www.ncbi.nlm.nih.gov/pubmed/33882636
http://dx.doi.org/10.1016/j.beha.2016.08.007
http://dx.doi.org/10.1016/j.beha.2016.08.007
https://www.ncbi.nlm.nih.gov/pubmed/27742071
http://dx.doi.org/10.1002/cncr.21847
http://dx.doi.org/10.1002/cncr.21847
https://www.ncbi.nlm.nih.gov/pubmed/16575919
http://dx.doi.org/10.1159/000366466
https://www.ncbi.nlm.nih.gov/pubmed/25404882
http://dx.doi.org/10.1038/s41375-020-0873-2
https://www.ncbi.nlm.nih.gov/pubmed/32457353
http://dx.doi.org/10.1111/bjh.15918
https://www.ncbi.nlm.nih.gov/pubmed/30945268
http://dx.doi.org/10.1038/sj.bjc.6603840
https://www.ncbi.nlm.nih.gov/pubmed/17551492


www.journals.viamedica.pl/folia_histochemica_cytobiologica
©Polish Society for Histochemistry and Cytochemistry
Folia Histochem Cytobiol. 2022
10.5603/FHC.a2022.0023
ISSN 0239-8508, e-ISSN 1897-5631

213Lymphocyte subpopulations during CIT treatment of CLL

but is preserved in patients with small lymphocytic lymphoma. 
Oncotarget. 2016; 7(42): 68513–68526, doi: 10.18632/oncotar-
get.12097, indexed in Pubmed: 27655680.

11. Sportoletti P, De Falco F, Del Papa B, et al. NK cells in chron-
ic lymphocytic leukemia and their therapeutic implications. Int  
J Mol Sci. 2021; 22(13): 6665, doi: 10.3390/ijms22136665, in-
dexed in Pubmed: 34206399.

12. Gorgun G, Holderried TAW, Zahrieh D, et al. Chronic lymphocyt-
ic leukemia cells induce changes in gene expression of CD4 and 
CD8 T cells. J Clin Invest 2005;115:179-805. J Clin Invest. 
2005; 115(7): 1797–1805, doi: 10.1172/JCI24176, indexed in 
Pubmed: 15965501.

13. Krijgsman D, Hokland M, Kuppen PJK. The role of natural killer 
T cells in cancer - a phenotypical and functional approach. Front 
Immunol. 2018; 9: 367, doi: 10.3389/fimmu.2018.00367, indexed 
in Pubmed: 29535734.

14. Fehniger TA, Cooper MA, Nuovo GJ, et al. CD56bright natural 
killer cells are present in human lymph nodes and are activated 
by T cell-derived IL-2: a potential new link between adaptive and 
innate immunity. Blood. 2003; 101(8): 3052–3057, doi: 10.1182/
blood-2002-09-2876, indexed in Pubmed: 12480696.

15. Campbell JJ, Qin S, Unutmaz D, et al. Unique subpopulations of 
CD56+ NK and NK-T peripheral blood lymphocytes identified 
by chemokine receptor expression repertoire. J Immunol. 2001; 
166(11): 6477–6482, doi: 10.4049/jimmunol.166.11.6477, in-
dexed in Pubmed: 11359797.

16. Woroniecka R, Rymkiewicz G, Grygalewicz B, et al. Cytogenet-
ic and flow cytometry evaluation of Richter syndrome reveals 
MYC, CDKN2A, IGH alterations with loss of CD52, CD62L 
and increase of CD71 antigen expression as the most frequent 
recurrent abnormalities. Am J Clin Pathol. 2015; 143(1): 25–35, 
doi: 10.1309/AJCPATRQWANW2O3N, indexed in Pubmed: 
25511139.

17. Eichhorst B, Robak T, Montserrat E, et al. ESMO Guidelines 
Committee. Electronic address: clinicalguidelines@esmo.org. 
Chronic lymphocytic leukaemia: ESMO Clinical Practice Guide-
lines for diagnosis, treatment and follow-up. Ann Oncol. 2021; 
32(1): 23–33, doi: 10.1016/j.annonc.2020.09.019, indexed in 
Pubmed: 33091559.

18. Hallek M, Cheson BD, Catovsky D, et al. International Workshop 
on Chronic Lymphocytic Leukemia. Hallek et al. Guidelines for 
the diagnosis and treatment of chronic lymphocytic leukemia: 
a report from the International Workshop on Chronic Lympho-
cytic Leukemia updating the National Cancer Institute–Work-
ing Group 1996 guidelines. Blood. 2008;111:5446-5456. Blood. 
2008; 112(13): 5259–5259, doi: 10.1182/blood-2007-06-093906, 
indexed in Pubmed: 18216293.

19. Cheson BD, Bennett JM, Grever M, et al. National Cancer Insti-
tute-sponsored Working Group guidelines for chronic lympho-
cytic leukemia: revised guidelines for diagnosis and treatment. 
Blood. 1996; 87(12): 4990–4997, indexed in Pubmed: 8652811.

20. Brown JR, Cymbalista F, Sharman J, et al. The role of rituximab in 
chronic lymphocytic leukemia treatment and the potential utility 
of biosimilars. Oncologist. 2018; 23(3): 288–296, doi: 10.1634/
theoncologist.2017-0150, indexed in Pubmed: 29212732.

21. Rosenwald A, Chuang EY, Davis RE, et al. Fludarabine treat-
ment of patients with chronic lymphocytic leukemia induces 
a p53-dependent gene expression response. Blood. 2004; 104(5): 
1428–1434, doi: 10.1182/blood-2003-09-3236, indexed in Pu-
bmed: 15138159.

22. Hallek M. Chronic lymphocytic leukemia: 2020 update on di-
agnosis, risk stratification and treatment. Am J Hematol. 2019; 
94(11): 1266–1287, doi: 10.1002/ajh.25595, indexed in Pubmed: 
31364186.

23. Dąbrowska-Iwanicka A, Błachnio K, Woroniecka R, et al.  
Leczenie wenetoklaksem młodego pacjenta z przewlekłą białacz-
ką limfocytową z delecją 17p i nawrotem choroby po pierwszej 
linii leczenia — opis przypadku i przegląd literatury. Hematolo-
gia. 2021; 11(4): 240–252, doi: 10.5603/hem.2020.0044.

24. Eisenhauer EA, Therasse P, Bogaerts J, et al. New response 
evaluation criteria in solid tumours: revised RECIST guideline 
(version 1.1). Eur J Cancer. 2009; 45(2): 228–247, doi: 10.1016/j.
ejca.2008.10.026, indexed in Pubmed: 19097774.

25. Forconi F, Moss P. Perturbation of the normal immune system in 
patients with CLL. Blood. 2015; 126(5): 573–581, doi: 10.1182/
blood-2015-03-567388, indexed in Pubmed: 26084672.

26. Riches JC, Gribben JG. Understanding the immunodeficiency 
in chronic lymphocytic leukemia: potential clinical implica-
tions. Hematol Oncol Clin North Am. 2013; 27(2): 207–235, 
doi: 10.1016/j.hoc.2013.01.003, indexed in Pubmed: 23561470.

27. van Attekum MHa, Eldering E, Kater AP. Chronic lymphocyt-
ic leukemia cells are active participants in microenvironmen-
tal cross-talk. Haematologica. 2017; 102(9): 1469–1476, doi: 
10.3324/haematol.2016.142679, indexed in Pubmed: 28775118.

28. Burger JA, Quiroga MP, Hartmann E, et al. High-level expression 
of the T-cell chemokines CCL3 and CCL4 by chronic lympho-
cytic leukemia B cells in nurselike cell cocultures and after BCR 
stimulation. Blood. 2009; 113(13): 3050–3058, doi: 10.1182/
blood-2008-07-170415, indexed in Pubmed: 19074730.

29. Haseeb M, Anwar MA, Choi S. Molecular interactions between 
innate and adaptive immune cells in chronic lymphocytic leu-
kemia and their therapeutic implications. Front Immunol. 2018; 
9: 2720, doi: 10.3389/fimmu.2018.02720, indexed in Pubmed: 
30542344.

30. Hallek M, Fischer K, Fingerle-Rowson G, et al. International 
Group of Investigators, German Chronic Lymphocytic Leukae-
mia Study Group. Addition of rituximab to fludarabine and cy-
clophosphamide in patients with chronic lymphocytic leukaemia: 
a randomised, open-label, phase 3 trial. Lancet. 2010; 376(9747): 
1164–1174, doi: 10.1016/S0140-6736(10)61381-5, indexed in 
Pubmed: 20888994.

31. Martínez-Calle N, Hartley S, Ahearne M, et al. Kinetics of T-cell 
subset reconstitution following treatment with bendamustine and 
rituximab for low-grade lymphoproliferative disease: a popula-
tion-based analysis. Br J Haematol. 2019; 184(6): 957–968, doi: 
10.1111/bjh.15722, indexed in Pubmed: 30548597.

32. Gassner FJ, Weiss L, Geisberger R, et al. Fludarabine modu-
lates composition and function of the T cell pool in patients with 
chronic lymphocytic leukaemia. Cancer Immunol Immunother. 
2011; 60(1): 75–85, doi: 10.1007/s00262-010-0920-3, indexed 
in Pubmed: 20857100.

33. Hamblin AD, Hamblin TJ. The immunodeficiency of chronic lym-
phocytic leukaemia. Br Med Bull. 2008; 87: 49–62, doi: 10.1093/
bmb/ldn034, indexed in Pubmed: 18755702.

34. Serrano D, Monteiro J, Allen SL, et al. Clonal expansion with-
in the CD4+CD57+ and CD8+CD57+ T cell subsets in chronic 
lymphocytic leukemia. J Immunol. 1997; 158(3): 1482–1489, 
indexed in Pubmed: 9013995.

35. Porakishvili N, Roschupkina T, Kalber T, et al. Expansion of 
CD4+ T cells with a cytotoxic phenotype in patients with B-chron-
ic lymphocytic leukaemia (B-CLL). Clin Exp Immunol. 2001; 
126(1): 29–36, doi: 10.1046/j.1365-2249.2001.01639.x, indexed 
in Pubmed: 11678896.

36. Kimby E, Mellstedt H, Nilsson B, et al. T lymphocyte subpopula-
tions in chronic lymphocytic leukemia of B cell type in relation to 
immunoglobulin isotype(s) on the leukemic clone and to clinical 
features. Eur J Haematol. 1987; 38(3): 261–267, doi: 10.1111/
j.1600-0609.1987.tb01174.x, indexed in Pubmed: 3496238.

http://dx.doi.org/10.18632/oncotarget.12097
http://dx.doi.org/10.18632/oncotarget.12097
https://www.ncbi.nlm.nih.gov/pubmed/27655680
http://dx.doi.org/10.3390/ijms22136665
https://www.ncbi.nlm.nih.gov/pubmed/34206399
http://dx.doi.org/10.1172/JCI24176
https://www.ncbi.nlm.nih.gov/pubmed/15965501
http://dx.doi.org/10.3389/fimmu.2018.00367
https://www.ncbi.nlm.nih.gov/pubmed/29535734
http://dx.doi.org/10.1182/blood-2002-09-2876
http://dx.doi.org/10.1182/blood-2002-09-2876
https://www.ncbi.nlm.nih.gov/pubmed/12480696
http://dx.doi.org/10.4049/jimmunol.166.11.6477
https://www.ncbi.nlm.nih.gov/pubmed/11359797
http://dx.doi.org/10.1309/AJCPATRQWANW2O3N
https://www.ncbi.nlm.nih.gov/pubmed/25511139
http://dx.doi.org/10.1016/j.annonc.2020.09.019
https://www.ncbi.nlm.nih.gov/pubmed/33091559
http://dx.doi.org/10.1182/blood-2007-06-093906
https://www.ncbi.nlm.nih.gov/pubmed/18216293
https://www.ncbi.nlm.nih.gov/pubmed/8652811
http://dx.doi.org/10.1634/theoncologist.2017-0150
http://dx.doi.org/10.1634/theoncologist.2017-0150
https://www.ncbi.nlm.nih.gov/pubmed/29212732
http://dx.doi.org/10.1182/blood-2003-09-3236
https://www.ncbi.nlm.nih.gov/pubmed/15138159
http://dx.doi.org/10.1002/ajh.25595
https://www.ncbi.nlm.nih.gov/pubmed/31364186
http://dx.doi.org/10.5603/hem.2020.0044
http://dx.doi.org/10.1016/j.ejca.2008.10.026
http://dx.doi.org/10.1016/j.ejca.2008.10.026
https://www.ncbi.nlm.nih.gov/pubmed/19097774
http://dx.doi.org/10.1182/blood-2015-03-567388
http://dx.doi.org/10.1182/blood-2015-03-567388
https://www.ncbi.nlm.nih.gov/pubmed/26084672
http://dx.doi.org/10.1016/j.hoc.2013.01.003
https://www.ncbi.nlm.nih.gov/pubmed/23561470
http://dx.doi.org/10.3324/haematol.2016.142679
https://www.ncbi.nlm.nih.gov/pubmed/28775118
http://dx.doi.org/10.1182/blood-2008-07-170415
http://dx.doi.org/10.1182/blood-2008-07-170415
https://www.ncbi.nlm.nih.gov/pubmed/19074730
http://dx.doi.org/10.3389/fimmu.2018.02720
https://www.ncbi.nlm.nih.gov/pubmed/30542344
http://dx.doi.org/10.1016/S0140-6736(10)61381-5
https://www.ncbi.nlm.nih.gov/pubmed/20888994
http://dx.doi.org/10.1111/bjh.15722
https://www.ncbi.nlm.nih.gov/pubmed/30548597
http://dx.doi.org/10.1007/s00262-010-0920-3
https://www.ncbi.nlm.nih.gov/pubmed/20857100
http://dx.doi.org/10.1093/bmb/ldn034
http://dx.doi.org/10.1093/bmb/ldn034
https://www.ncbi.nlm.nih.gov/pubmed/18755702
https://www.ncbi.nlm.nih.gov/pubmed/9013995
http://dx.doi.org/10.1046/j.1365-2249.2001.01639.x
https://www.ncbi.nlm.nih.gov/pubmed/11678896
http://dx.doi.org/10.1111/j.1600-0609.1987.tb01174.x
http://dx.doi.org/10.1111/j.1600-0609.1987.tb01174.x
https://www.ncbi.nlm.nih.gov/pubmed/3496238


www.journals.viamedica.pl/folia_histochemica_cytobiologica
©Polish Society for Histochemistry and Cytochemistry
Folia Histochem Cytobiol. 2022
10.5603/FHC.a2022.0023
ISSN 0239-8508, e-ISSN 1897-5631

214 Katarzyna Blachnio et al.

37. Reyes E, Prieto A, Carrion F, et al. Morphological variants 
of leukemic cells in B chronic lymphocytic leukemia are as-
sociated with different T cell and NK cell abnormalities. Am 
J Hematol. 1997; 55(4): 175–182, doi: 10.1002/(sici)1096-
8652(199707)55:4<175::aid-ajh2>3.0.co;2-p , indexed in Pu-
bmed: 9257876.

38. Palma M, Gentilcore G, Heimersson K, et al. T cells in chronic 
lymphocytic leukemia display dysregulated expression of im-
mune checkpoints and activation markers. Haematologica. 2017; 
102(3): 562–572, doi: 10.3324/haematol.2016.151100, indexed 
in Pubmed: 27927767.

39. Keating MJ, O’Brien S, Lerner S, et al. Long-term follow-up 
of patients with chronic lymphocytic leukemia (CLL) receiv-
ing fludarabine regimens as initial therapy. Blood. 1998; 92(4): 
1165–1171, indexed in Pubmed: 9694704.

40. Beyer M, Kochanek M, Darabi K, et al. Reduced frequencies 
and suppressive function of CD4+CD25hi regulatory T cells in 
patients with chronic lymphocytic leukemia after therapy with 
fludarabine. Blood. 2005; 106(6): 2018–2025, doi: 10.1182/
blood-2005-02-0642, indexed in Pubmed: 15914560.

41. Ysebaert L, Gross E, Kühlein E, et al. Immune recovery after 
fludarabine-cyclophosphamide-rituximab treatment in B-chro-
nic lymphocytic leukemia: implication for maintenance immu-
notherapy. Leukemia. 2010; 24(7): 1310–1316, doi: 10.1038/
leu.2010.89, indexed in Pubmed: 20463751.

42. Poli A, Michel T, Thérésine M, et al. CD56bright natural killer 
(NK) cells: an important NK cell subset. Immunology. 2009; 
126(4): 458–465, doi: 10.1111/j.1365-2567.2008.03027.x, in-
dexed in Pubmed: 19278419.

43. Carrega P, Bonaccorsi I, Di Carlo E, et al. CD56(bright)per-
forin(low) noncytotoxic human NK cells are abundant in both 
healthy and neoplastic solid tissues and recirculate to secondary 
lymphoid organs via afferent lymph. J Immunol. 2014; 192(8): 
3805–3815, doi: 10.4049/jimmunol.1301889, indexed in Pu-
bmed: 24646734.

44. Castriconi R, Carrega P, Dondero A, et al. Molecular mecha-
nisms directing migration and retention of natural killer cells 
in human tissues. Front Immunol. 2018; 9: 2324, doi: 10.3389/
fimmu.2018.02324, indexed in Pubmed: 30364222.

Submitted: 17 May, 2022
Accepted after reviews: 18 August, 2022

Available as AoP: 1 September, 2022

http://dx.doi.org/10.1002/(sici)1096-8652(199707)55:4%3c175::aid-ajh2%3e3.0.co;2-p
http://dx.doi.org/10.1002/(sici)1096-8652(199707)55:4%3c175::aid-ajh2%3e3.0.co;2-p
https://www.ncbi.nlm.nih.gov/pubmed/9257876
http://dx.doi.org/10.3324/haematol.2016.151100
https://www.ncbi.nlm.nih.gov/pubmed/27927767
https://www.ncbi.nlm.nih.gov/pubmed/9694704
http://dx.doi.org/10.1182/blood-2005-02-0642
http://dx.doi.org/10.1182/blood-2005-02-0642
https://www.ncbi.nlm.nih.gov/pubmed/15914560
http://dx.doi.org/10.1038/leu.2010.89
http://dx.doi.org/10.1038/leu.2010.89
https://www.ncbi.nlm.nih.gov/pubmed/20463751
http://dx.doi.org/10.1111/j.1365-2567.2008.03027.x
https://www.ncbi.nlm.nih.gov/pubmed/19278419
http://dx.doi.org/10.4049/jimmunol.1301889
https://www.ncbi.nlm.nih.gov/pubmed/24646734
http://dx.doi.org/10.3389/fimmu.2018.02324
http://dx.doi.org/10.3389/fimmu.2018.02324
https://www.ncbi.nlm.nih.gov/pubmed/30364222

