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Abstract
Blocking antibodies targeting immune checkpoint molecules achieved invaluable success in tumor therapy and amazing clinical
responses in a variety of cancers. Although common treatment protocols have improved overall survival in patients with chronic
lymphocytic leukemia (CLL), they continue to relapse and progress. In the present in vitro study, the application of anti-PD-1 and
anti-TIM-3 blocking antibodies was studied to restore the function of exhausted CD8+ T cells in CLL. CD8+ T cells were isolated
from peripheral blood of 20 patients with CLL, treated with blocking antibodies, and cocultured with mitomycin-frozen non-
CD8+ T cell fraction as target cells. Cultures were stimulated with anti-CD3/CD28 antibodies to assess the proliferation of CD8+

T cells by MTT and stimulated with PMA/ionomycin to measure the levels of CD107a expression and cytokine production by
flow cytometry and ELISA, respectively. Our results showed that the blockade of PD-1 and TIM-3 does not improve the
proliferation of CD8+ T cells in CLL patients. No significant difference was found between control and blocked groups in terms
of degranulation properties and production of IFN-γ, TNF-α, IL-2, and IL-10 by CD8+ T cells. We observed that pre-treatment
of CD8+ T cells with blocking antibodies in CLL patients at early clinical stages had no effects on restoring their functional
properties. Further in vitro and in vivo complementary studies are required to more explore the utility of checkpoint inhibitors for
CLL patients.
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Introduction

Chronic lymphocytic leukemia (CLL) is markedly defined by
localization of proliferative mature B cells in peripheral blood
and lymphoid organs including lymph nodes, spleen, and
bone marrow [1]. Based on the statistics provided by the

American Cancer Society in 2019, CLL is the fourth prevalent
cancer among all types of leukemia and men are more suscep-
tible than women [2]. Some diagnosed patients with CLL do
not need any treatments, while others who are represented
with an aggressive state of the disease need frequent follow-
up and treatments. At the present time, the standard first-line
therapy for CLL patients depends on some factors; patients in
early-stage CLLwithout active disease should be watched and
wait until they become symptomatic, and in symptomatic or
advanced-stage CLL, there are three categories: (1) in patients
with TP53 dysfunction, treatment starts with ibrutinib or
venetoclax or idelalisib plus rituximab; (2) in patients with
unmutated IGHV and no del(17p) or TP53, if the patient is
physically fit, ibrutinib or chemoimmunotherapy (CIT) is pre-
scribed, and if the patient is unfit, venetoclax plus
obinutuzumab or ibrutinib or CIT is suggested; (3) in patients
with mutated IGHV and no del(17p) or TP53, if the patient is
physically fit, CIT or ibrutinib, and if the patient is unfit, CIT
or venetoclax plus obinutuzumab or ibrutinib is suggested [3].
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Nevertheless, researches are now focused on other options
rather than those mentioned above, especially employing the
innate nature of the host immune system to eradicate the leu-
kemic cells. Tumor cells escape from body immune defense
by means of their specific microenvironment and also inhibi-
tory surface receptors of which ligands are expressed on im-
mune cells [4]. Some of the well-known immune inhibitory
checkpoint receptors are PD-1, CTLA-4, TIM-3, LAG-3, and
TIGIT, which have been attracting more attention in the last
decade for targeted tumor immunotherapy [5–7].

Ipilimumab (anti-CTLA-4 antibody) is the first FDA-
approved antibody against an inhibitory receptor that is being
applied in the treatment of advanced metastatic melanoma [8].
Furthermore, emerging data showed that PD-1 is the main axis
of the T cell inhibitory system [9], which its expression has
been indicated in the microenvironment of different tumors
[5]. Promising clinical responses obtained from the anti-PD-
1 antibody and its major ligands, anti-PD-L1 antibody, in
reactivation of specific T cells against many tumor cell types
resulted in FDA approval of several antibodies against these
molecules in the treatment of different solid and hematologic
tumors [10–15]. During the exhaustion process, TIM-3 is also
expressed as a negative regulator on lymphocytes, and its
overexpression is seen both in exhausted CD4 and CD8 T
cells [16]. In our previous studies, we have shown that TIM-
3 and PD-1 are more expressed on both CD4+ and CD8+ T
cells of CLL patients contributing to their dysfunction in com-
parison with healthy donors [17, 18]. Later on, we observed
that Gal-9 and PD-L1, as the main ligands of TIM-3 and PD-1,
are more expressed in CLL patients [19]. Accordingly, we
decided to conduct an in vitro study to evaluate the blockade
of PD-1 and TIM-3 receptors on the restoration of the
exhausted state of CD8+ T cells and to improve their function-
al properties in CLL patients.

Materials and methods

Patients and controls

A total number of 20 CLL patients (8 females and 12 males;
mean age of 63.8 years) who were admitted at Hematology
and Oncology Clinic of ImamKhomeini Hospital, affiliated to
Mazandaran University ofMedical Sciences, were included in
this study. CLLwas diagnosed according to theWHO criteria,
clinical examinations, and full blood count together with the
morphological evaluation of peripheral blood and flow cyto-
metric immunophenotyping. All patients were confirmed not
to be infected with any of the chronic viral diseases, including
HIV, HBV, HCV, or any type of congenital or acquired im-
munodeficiency. In addition, patients with a history of other
cancers or any auto-immune diseases were excluded from the
study. None of the patients received chemotherapy or other

immunosuppressive medications for 6 months prior to sample
collection. Written informed consent letters were obtained
from all participants in accordance with the Declaration of
Helsinki. Clinical and hematological characteristics of CLL
patients are presented in Table 1.

Isolation of CD8+ T lymphocytes using magnetic-
activated cell-sorting method

Heparinized peripheral blood samples were collected fromCLL
patients, and peripheral blood mononuclear cells (PBMCs)
were immediately isolated by density gradient centrifugation
on Ficoll–Histopaque (Biosera, Nuaille, France). The viability
of isolated cells was > 98% as determined by trypan blue stain-
ing. To isolate the CD8+ T cells from PBMCs, any cell clamps
were initially removed using a 70-μm pre-separation filter
(Miltenyi Biotec, Bergisch Gladbach, Germany). CD8+ T cells
were positively isolated from the peripheral blood lymphocytes
using a magnetic bead–conjugated anti-CD8 mAbs kit
(Miltenyi Biotec, Bergisch Gladbach, Germany) according to
the manufacturer’s instructions. Cell purity was analyzed by
dual-color flow cytometry staining using anti-CD8 FITC (clone
SK-1 CF) and anti-CD3PE (clone UCHT1) (both from
eBioscience, San Diego, CA, USA). Briefly, isolated cells were
washed and resuspended in 100-μl washing buffer (PBS
0.15 M pH: 7.4 with 0.5% BSA) and stained with appropriate
amounts of fluorochrome-conjugated mAbs and incubated for
45 min at 4 °C in dark. Samples were then analyzed on the
Partec PAS flow cytometer system (Partec GmBH, Munster,
Germany) using the FloMax software. As expected from posi-
tive selection, the purity of isolated T CD8+ cells was more than
97%.

Blocking of PD-1 and TIM-3 receptors

In order to block the PD-1 and TIM-3 inhibitory receptors, 105

of magnetic-activated cell sorting (MACS)–isolated CD8+ T
cells were incubated with 10 μg/ml of anti-human PD-1
(clone EH12.2H7, BioLegend, San Diego, CA, USA) and
anti-human TIM-3 (clone F38-2E2, BioLegend, San Diego,
CA, USA) at 4 °C for 2 h. Corresponding isotype-matched
antibodies were also used as the control group (BioLegend,
San Diego, CA, USA). Non-CD8+ cell fraction of PBMCs
from MACS isolation, which was considered target cells for
isolated CD8+ T cells, was treated with 10 μg/ml of mitomy-
cin (SPAL, Gujarat, India) at 37 °C for 40 min to cease their
proliferation activity. After incubation with mitomycin, fresh-
ly isolated target cells were immediately washed 4 times with
a sterile PBS solution and kept at 4 °C for 2 h till the effector
cells were incubated with anti-PD-1 and anti-TIM-3 antibod-
ies and prepared for co-culture. To activate the isolated CD8+

T cells, a 96-well culture plate was coated with 2 μg/ml of
purified anti-human CD3 antibody (Clone OKT3, BioLegend,
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San Diego, CA, USA) at 4 °C overnight. Finally, PD-1- and
TIM-3-blocked CD8+ T cells and mitomycin-frozen target
cells (1:1 ratio) together with 1 μg/ml of purified anti-human
CD28 antibody (BioLegend, San Diego, CA, USA) were
added to the coated plate in 200 μl RPMI-1640 medium;
supplemented with penicillin (100 IU/ml), streptomycin
(100 μg/ml), and 10% heat-inactivated fetal bovine serum
(Biosera, Nuaille, France); and then incubated at 37 °C with
5% CO2 for 72 h to assess the proliferation activity of blocked
CD8+ T cells. For degranulation and cytokine production as-
says, the same procedure was applied except that the stimula-
tion was performed with 2 μl/ml of cell stimulation cocktail,
PMA/ionomycin (eBioscience, San Diego, CA, USA), in
200 μl RPMI-1640 medium at 37 °C with 5% CO2 overnight.
All tests were run in duplicate.

MTT assay for the proliferation of CD8+ T lymphocytes

After 72 h of stimulation with anti-CD3/CD28 antibodies, the
proliferation of blocked CD8+ T cells was measured by MTT
assay (Sigma-Aldrich, MO, USA) according to the manufac-
turer’s protocol. Briefly, MTT reagent was added to each well
at a final concentration of 0.5 mg/ml. Following incubation for
4 h, the flat-bottomed 96-well microplates were centrifuged at

300g for 10 min, the supernatants were discarded, and 150 μl
of DMSOwas added to each well. Purple crystals of formazan
were dissolved by gently shaking of microplates, and absor-
bance was measured using a microplate spectrophotometer
(Synergy H1 BioTek, Winooski, USA) at 570 nm.
Stimulation index (SI) was calculated by dividing the mean
ratio of optical density (OD) values of stimulated cells treated
with anti-CD3/CD28 antibodies by that of unstimulated cells.

Evaluation of degranulation activity by CD107a
expression assay

To evaluate the degranulation activity of isolated T-CD8+

lymphocytes, CD107a degranulation assay was applied.
Isolated CD8+ T cells (105 cells) were initially treated with
blocking anti-PD-1 and anti-TIM-3 antibodies for 2 h and then
cocultured with mitomycin-frozen non-CD8+ cell fraction of
PBMCs as target cells (1:1 ratio). Thirty minutes after stimu-
lation with PMA/ionomycin, anti-CD107a mAbs-PE (clone
H4A3, eBioscience, San Diego, CA, USA) and isotype con-
trol antibody (clone P3.6.2.8.1, eBioscience, San Diego, CA,
USA) were added to the corresponding wells. Following over-
night stimulation, cells were harvested and washed with a
washing buffer (PBS 0.15 M, pH: 7.4, BSA 0.5%) and then

Table 1 Major clinical and laboratory characteristics of CLL patients

No Age Sex WBC × 103/mm3 Lym (%) PLT × 103/mm3 Hb (g/dL) LDH (IU/L) Rai stage Organomegaly CD5+/CD19+

percentage*

1 80 F 9.1 38 425 12.1 NA NA NA 70

2 50 F 4.2 88 157 12.5 NA 0 - 65

3 64 M 17.9 79 111 13.3 401 I LAP 80

4 61 M 104.7 90 226 16.6 354 0 - 82

5 46 M 10.1 57 134 13 281 0 - 78

6 NA F 18.0 74 306 13.1 NA NA NA 71

7 78 M 42.2 86 231 NA 348 0 - 88

8 61 F 48.0 NA NA 13.1 NA NA NA 74

9 63 F 17.2 60 176 12.7 534 0 - 62

10 58 M 46.2 77 160 10.5 796 0 - 76

11 78 M 49.2 92 164 14 1008 0 - 77

12 60 F 82.0 57 510 11.9 510 0 - 91

13 76 F 78.2 91 139 13.7 599 II LAP/SPM 90

14 65 M 35.4 80 150 12.6 422 0 - 74

15 64 F 21.4 77 220 14.1 387 0 - 69

16 57 M 25.5 76 188 14.4 272 0 - 64

17 61 M 28.5 86 126 14.0 339 I LAP 87

18 62 M 43.6 88 91 13.6 1380 I LAP 82

19 53 M 28.8 79 223 11.8 452 I LAP 55

20 77 M 94.7 91 209 12.9 384 0 - 76

CLL, chronic lymphocytic leukemia; M, male; F, female; WBC, white blood cell count; Lym, lymphocyte percent in peripheral blood; PLT, platelet
count; Hb, hemoglobin; LDH, serum lactate dehydrogenase; LAP, lymphadenopathy; SPM, splenomegaly; NA, not available

*Percentage of CD5+ /CD19+ double-positive cells in lymphoid gate obtained from flow cytometry
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were incubated with anti-CD8 FITC (clone SK-1.CF,
eBioscience, San Diego, CA, USA) at 4 °C in dark for
45 min. Afterward, cells were washed with a washing buffer
and fixed in 1% paraformaldehyde (Merck, Darmstadt,
Germany). Samples were then analyzed on the Partec PAS
flow cytometer system (Partec GmBH, Munster, Germany)
using the FloMax software. Following gating on the lympho-
cyte population, CD8+ T cells were selected, and then the
expression of surface CD107a on CD8+ T cells was
determined.

Cytokine production by ELISA

As described in degranulation assay, isolated CD8+ T cells
(105 cells) were treated with blocking anti-PD-1 and anti-
TIM-3 antibodies for 2 h and then cocultured with
mitomycin-frozen non-CD8+ cell fraction of PBMCs as target
cells (1:1 ratio). After overnight stimulation with PMA/
ionomycin, culture supernatants were collected and stored at
− 20 °C for cytokine assays. Concentrations of IFN-γ (sensi-
tivity, 4 pg/ml), TNF-α (sensitivity, 4 pg/ml), IL-10 (sensitiv-
ity, 2 pg/ml), and IL-2 (sensitivity, 2 pg/ml) were measured in
supernatants by ELISA according to the manufacturer’s pro-
tocol (all from eBioscience, San Diego, CA, USA).

Statistical analyses

Statistical analyses were performed with the GraphPad Prism
6 and SPSS20 software. All data are expressed as mean ± SD.
Normal distribution of data was tested with the Kolmogorov–
Smirnov test. Non-parametric Mann–Whitney U and
Kruskal–Wallis tests were appropriately used to calculate the
mean difference between two or more groups. The signifi-
cance was set at p < 0.05.

Results

Flow cytometric analysis of MACS-isolated CD8+ T
cells from CLL patients

Following MACS isolation, dual-color flow cytometric anal-
ysis with anti-CD8 and anti-CD3 was performed on positively
selected CD8+ T cells from CLL patients. As shown in Fig. 1,
the purity of isolated CD8+ T cells was always more than 97%
in all patients.

Blockade of PD-1 and TIM-3 receptors did not im-
prove the proliferation of CD8+ T cells in CLL patients

Purified CD8+ T cells from 20 CLL patients were treated with
anti-TIM-3 and anti-PD-1 as well as with isotype-matched
control antibodies and then cocultured with/without

mitomycin-frozen target cells (non-CD8+ T cell fraction of
PBMCs). Treated cells were further stimulated with anti-
CD3/CD28 antibodies for 72 h. The proliferation capacity of
CD8+ T cells was determined byMTT assay. Obtained results
showed that CD8+ T cells from both control and blocked
groups showed similar proliferation responses either in the
presence or absence of target cells (Fig. 2). Representative
histograms show stimulation indices between control and
blocked groups both among cultures with/without target cells
(p > 0.05).

Isolated CD8+ T cells from CLL patients showed similar
degranulation properties following blocking with
anti-TIM-3 and anti-PD-1 antibodies

Since blockade of TIM-3 and PD-1 did not enhance the pro-
liferation of CD8+ T cells, we next addressed whether the
same would be true in the degranulation activity of these cells
after blockade of TIM-3 and PD-1 axes. To do so, MACS-
purified CD8+ T cells from CLL patients were treated with
anti-PD-1, anti-TIM-3, and corresponding isotype-matched
control antibodies, then cocultured with/without mitomycin-
frozen target cells (non-CD8+ T cell fraction of PBMCs). Cell
cultures were then stimulated with PMA/ionomycin cocktail
and, finally, the expression of CD107a was measured by flow
cytometry. Our data showed no significant difference between
control and blocked groups in terms of CD107a expression
(p > 0.05, Fig. 3).

Blockade of TIM-3 and PD-1 signaling in isolated CD8+

T cells did not improve the production of pro-
inflammatory cytokines

To confirm the consistency of previous results regarding the
functional assay of isolated CD8+ T cells, we next sought to
determine the cytokine production profile of these cells. Thus,
positively selected CD8+ T cells fromCLL patients were treat-
ed with anti-TIM-3, anti-PD-1, and isotype-matched control
antibodies, then cocultured with/without mitomycin-frozen
target cells (non-CD8+ T cell fraction of PBMC). Cell cultures
were stimulated with PMA/ionomycin cocktail overnight, and
culture supernatants were collected to measure the levels of
IFN-γ, IL-2, IL-10, and TNF-α. As shown in Fig. 4, the cy-
tokine production level between control and blocked groups
was not significantly different (p > 0.05).

Discussion

Although blocking antibodies against inhibitory immune
checkpoint receptors have shown promising treatment modali-
ties for multiple cancers, many challenges and milestones are
on the road to a definite advisable conclusion. In our previous
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studies, we observed higher expression of PD-1 and TIM-3
molecules on both CD8+ and CD4+ T cells of CLL patients
and also the more expression of Gal-9 and PD-L1 mRNA in
these patients which corresponding functional studies con-
firmed the significant state of exhaustion on both T cells
[17–19]. Moreover, we observed that TIM-3 is significantly
upregulated on natural killer (NK) cells of CLL patients which
was accompanied by lower expression of NKp30-activating
receptor, confirming the low functional activities of NK cells
in these patients [20]. In our current in vitro study, we decided
to investigate whether blockade of PD-1 and TIM-3 inhibitory
molecules would reverse the exhaustion state of peripheral
CD8+ T cells in CLL patients or not. It has been shown that
blockade of PD-1/PD-L1 axis with specific antibodies, such as
nivolumab, has a promising therapeutic effect in many cancers
including melanoma [10], head and neck squamous cell cancer
[15], non-small cell lung cancer [12], renal cell cancer [13],

urothelial cancer [11], and relapsed or refractory Hodgkin’s
lymphoma [14]. Although treatment with ipilimumab (anti-
CTLA-4 antibody and the first FDA-approved antibody for
the treatment of advanced melanoma), nivolumab, and
pembrolizumab has proved to be relatively effective, there are
large numbers of patients with different types of cancer who do
not respond to these drugs. Therefore, further studies in this
area are required and more strategies for blocking of other
inhibitory receptors, such as the TIM-3 molecule, need to be
considered [21]. Monoclonal antibodies against TIM-3 restored
T cell function and cytokine production in HIV-1-specific T
cells [22] and antigen-specific CD8+ T cells from patients with
gastric cancer [23] and melanoma [24]. However, despite the
upregulation of TIM-3 and PD-1 on T cells from CLL subjects,
our in vitro results showed that blocking of these receptors does
not generally have effective impacts on restoring the functional
activities of CD8+ T cells. Various functional properties of

Fig. 2 Proliferation responses of isolated CD8+ T cells after blocking
with anti-PD-1 and anti-TIM-3 antibodies. Isolated CD8+ T cells from
all CLL patients were treated with anti-PD-1 and anti-TIM-3 as well as
corresponding isotype antibodies and then cocultured with/without
mitomycin-frozen target cells in one series. Treated cells were further
stimulated with anti-CD3/CD28 antibodies, and cell proliferation was

determined by MTT assay. Stimulation index (SI) was calculated by
dividing the OD values of stimulated cells treated with blocking/isotype
antibodies by that of unstimulated cells with no treatments.
Representative histograms show no significant difference between
control and blocked groups (p > 0.05). Both graphs present the mean ±
SD

Fig. 1 Purity analysis of isolated
CD8+ T cells from CLL patients.
Dual-color (anti-CD8-FITC and
anti-CD3-PE) flow cytometric
analysis was performed on
MACS-isolated CD8+ T cells
from CLL patients. A representa-
tive dot plot obtained from one
patient is shown
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CD8+ T cells including proliferation, degranulation, and cyto-
kine production were investigated, and obtained data from all
experiments showed no improvements after blocking with anti-
PD-1 and anti-TIM-3 antibodies. By working on the Eμ-TCL1
CLL mouse model, McClanahan et al. have indicated the func-
tional changes of T cells during CLL development, high PD-

L1/PD-L2 expression in leukemic cells and low functional ac-
tivity of PD-1+ T cells, confirming the potential role of this
pathway in the progression of CLL [25]. Later on, the first
clinical trial conducted on CLL patients demonstrated the clin-
ical efficacy of pembrolizumab in CLL with Richter transfor-
mation and not relapsing CLL patients [26]. A preclinical study
on a CLLmouse model reported that while mice receiving dual
blockade of PD-1 and LAG-3 show promising results and suc-
cessful control of disease development, single anti-PD-1 thera-
py has no clinical effects [27]. No clinical effects of single anti-
PD-1 therapy on CLL development have been recently con-
firmed by Hanna et al., showing that a combination of ibrutinib
with PD-1 blockade improved the effector function of CD8+ T
cells and control of CLL [28]. Taking these considerations into
account, no improvement in the function of CD8+ T cells after
blockade of the PD-1 pathway could be addressed in our CLL
patients. On the other hand, we have isolated peripheral blood

Fig. 4 The cytokine production profile of isolated CD8+ T cells from
CLL patients after blocking with anti-PD-1 and anti-TIM-3 antibodies.
Positively selected CD8+ T cells from CLL patients were treated with
anti-TIM-3, anti-PD-1, and isotype-matched control antibodies, then
cocultured with/without mitomycin-frozen target cells. Cell cultures were

then stimulated with PMA/ionomycin cocktail, and culture supernatants
were collected to measure the levels of IFN-γ (a), IL-2 (b), IL-10 (c), and
TNF-α (d) by ELISA. Produced cytokine levels between control and
blocked groups were not significantly different (p > 0.05). All graphs
present the mean ± SD

Fig. 3 Degranulation assay of isolated CD8+ T cells from CLL patients
by flow cytometric analysis of CD107a expression after blocking with
anti-PD-1 and anti-TIM-3 antibodies. MACS-isolated CD8+ T cells from
CLL patients were treated with anti-TIM-3, anti-PD-1, and corresponding
isotype antibodies, and then cocultured with/without mitomycin-frozen
target cells. Cell cultures were stimulated with PMA/ionomycin cocktail,
and the expression of CD107a was measured on CD8+ T cells by flow
cytometry. No significant differences were observed among control and
blocked groups (p > 0.05). a A representative flow cytometry histogram
for CD107a expression obtained from a CLL patient is shown. b CD107
expression on CD8+ T cells from all CLL patients is shown. Both graphs
present the mean ± SD

R
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CD8+ T cells and evaluated their functional restoration after
blocking with anti-PD-1 and anti-TIM-3. As reported recently
by Hanna et al. [29] and Weerdt et al. [30], lymphocytes in
peripheral lymphoid organs of CLL patients and the mouse
model show more features of exhaustion than those of periph-
eral blood. So, the obtained blocking results might be different
if it was possible to apply the lymphocytes from peripheral
lymph nodes in our experiments. But, when we look at the
clinical trial results regarding no response of CLL patients to
anti-PD-1 therapy, more confirmatory studies are needed to
address these issues. In HIV-1-specific T cells, blocking of
the TIM-3 pathway restored proliferation capacity and im-
proved cytokine production [22]. Similarly, in a murine model
of colon carcinoma, dual blockade of PD-1 and CTLA-4 in-
creased proliferation of CD8+ and CD4+ T cells and cytokine
release [31]. Our results present some contradiction with these
studies, and this might be due to the fact that PD-1 and TIM-3

are not the only inhibitory receptors expressed on T cells in
CLL patients. Riches et al. demonstrated that TIM-3 is not
upregulated on CLL cells, but there are other inhibitory recep-
tors including CD244, CD160, and PD-1 which are
overexpressed in CLL patients, and consequently, they may
prevail the effect of the PD-1 or TIM-3 blockade [32]. The
same has been seen in preclinical models that single blockade
of CTLA-4 or PD-1 has led to the upregulation of the other
immune inhibitory pathways which is not blocked [33].

IFN-γ, IL-2, and TNF-α are major cytokines that are pro-
duced from CD8+ T cells in case of recognition of the tumor
cells to provide better protection by recruitment of more cells
to the tumor site [34]. Again, Riches et al. showed that al-
though T cells from CLL patients present exhaustion proper-
ties, they are able to produce various cytokines [32]. This
might be one of the possible reasons why we could not ob-
serve any significant difference in cytokine production profile

Fig. 4 (continued)
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among our blocked and control groups in CLL patients.
Contrarily, some studies on mouse model of CLL and HIV
infection have shown that cytokine release improves after
blockade of the inhibitory receptors such as PD-L1, TIM-3,
LAG-3, and CTLA-4 from CD8+ T cells [35, 36]. Altogether,
here, we studied the function of isolated CD8+ T cells in dif-
ferent conditions to somehow simulate the CLL microenvi-
ronment in peripheral blood. The results obtained from
blocked and control groups were similar, confirming that
blockade of PD-1 and TIM-3 pathways has no positive effects
in CLL patients. Although there were not any significant dif-
ferences between blocked and control groups in terms of IL-
10 and TNF-α production, we found more production of IL-
10 in the “with target” compared with the “no target” group,
indicating that tumoral cells produce IL-10 to evade host im-
mune response (Fig. 4c). The scenario for TNF-α was differ-
ent, in which the “no target” group showed more production
of this cytokine in comparison with the “with target” group
(Fig. 4d). Since TNF-α is not produced by leukemic cells, the
low production of TNF-αwas observed in co-culture of CD8+

effector T cells with target leukemic cells.
In general, CLL patients at the early stages of the disease

(Rai stages 0–II) do not need any treatments, unless the dis-
ease progresses and cytopenia occurs [37]. Following disease
progression and based on molecular criteria, various chemo-
therapy and immunotherapy strategies are applied. Based on
the data provided in this study, our CLL patients were gener-
ally at lower stages and do not present progression criteria.
Therefore, we speculate that blockade of PD-1 and TIM-3
inhibitory receptors is not effective at the early stages of
CLL, and it might be more applicable in patients with higher
stages ormore aggressive forms of the disease. In our previous
study, we observed more expression of both PD-L1 and Gal-9
in CLL patients compared with controls, which was more
remarkable in patients at advanced clinical stages [19].
Based on those results, we decided to conduct the current
study. But, it seems that CLL leukemic cells from patients at
early clinical stages do not express PD-L1 as much as other
responding tumors to the PD-1/PD-L1 blockade like melano-
ma and lung cancer. Behdad et al. in a study on the expression
of PD-1 on leukemic B cells of patients with Richter syn-
drome, which is defined as an aggressive transformation of
CLL, showed that there is a correlation between higher PD-1
expression and clinical severity [38]. In accordance with this
finding, in a cohort of patients with Richter syndrome, treat-
ment with the combination of ibrutinib (Bruton’s tyrosine ki-
nase inhibitor) and nivolumab (anti-PD-1) showed encourag-
ing overall response of 65%, while responses in patients with
relapsed/refractory CLL and follicular lymphoma were only
seen in treatment with ibrutinib alone [39]. Besides, there are
two phase II clinical trials that resulted in promising effects of
combination therapy of PD-1 blockade and ibrutinib in pa-
tients with Richter syndrome [40, 41], which more confirm

the importance of disease stage in response to immune check-
point therapy. Moreover, data from different preclinical and
clinical studies indicated that advanced age in subjects with
cancer is associated with changes in quality and quantity of
immune system especially in T cell receptor repertoire and
naive to memory T cell ratio, to the extent that it could de-
crease the response to immunotherapies [42]. Besides these
interpretations, it should be noted that up to now, clinical
single anti-PD-1 therapy failed both in mouse model and
CLL patients. These discrepancies indicate that exhaustion
in CLL needs to be completely understood, and signaling
pathways down the road awaits us to be explored.

In conclusion, our study is the first in vitro study on CLL
patients which applies blocking antibodies against two impor-
tant inhibitory receptors, PD-1 and TIM-3, to reverse the func-
tion of exhausted CD8+ T cells. Our results demonstrated that
blockade of these receptors is not an effective approach to-
ward reactivation of CD8+ T cells from CLL patients at the
early stages of the disease. Further studies on advanced stages
of the disease as well as on the murine model of CLL are
required to provide more actual conditions of the tumor mi-
croenvironment and a better understanding of the application
of immune checkpoint inhibitors in targeted immunotherapy
of CLL.
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