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PD-1 AND TIM-3 BLOCKING CANNOT ENHANCE APOPTOSIS
OF CHRONIC LYMPHOCYTIC LEUKEMIA CELLS INDUCED
BY PERIPHERAL BLOOD CD8* T CELLS
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Aim: Given the invaluable success of immune checkpoint inhibitors for tumor immunotherapy, in this study, the effect of programmed
cell death 1 (PD-1) and T cell immunoglobulin-3 (TIM-3) blocking was investigated to induce apoptosis of leukemic cells by exhausted
CD8*T cells in patients with chronic lymphocytic leukemia (CLL). Materials and Methods: Peripheral blood CD8* T cells were
positively isolated from 16 CLL patients using magnetic beads separation method. Isolated CD8" T cells were treated with either
blocking anti-PD-1, anti-TIM-3 and isotype-matched control antibodies and then co-cultured with CLL leukemic cells as target.
The percentage of apoptotic leukemic cells and the expression of apoptosis-related genes were evaluated by flow cytometry and
real-time polymerase chain reaction methods, respectively. Interferon gamma and tumor necrosis factor alpha concentration was
also measured by ELISA. Results: Flow cytometric analysis of apoptotic leukemic cells indicated that the blockade of PD-1 and
TIM-3 did not significantly enhance the apoptosis of CLL cells by CD8* T cells, which then were confirmed by analysis of BAX,
BCL2 and CASP3 gene expression, which was similar in blocked and control groups. No significant difference was found between
blocked and control groups in terms of interferon gamma and tumor necrosis factor alpha production by CD8* T cells. Conclusion:
We concluded that the blockade of PD-1 and TIM-3 is not an effective strategy to restore the function of CD8" T cells in CLL
patients at the early clinical stages of the disease. Further in vitro and in vivo studies are needed to more address the application

of immune checkpoint blockade in CLL patients.
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Chronic lymphocytic leukemia (CLL), the most
common type of adult leukemia in the Western world,
is characterized by the proliferation of monoclonal
and mature B cells that express CD5, CD19 and
CD23 and accumulate in peripheral blood, second-
ary lymphoid tissues and bone marrow [1]. The ave-
rage age at initial diagnosis of CLL is between
60-70 years and the incidence risk increases with
age [2]. CLL patients display significant hetero-
geneity in terms of clinical presentation, disease
progression and response to therapy. Some patients
live for long periods without any treatments, but
the disease progresses rapidly in some cases and
these patients need early therapy [3]. The treat-
ment options for patients with CLL are single agents
or combination therapy and include chemotherapy
(purine analogues and alkylating agents), a com-
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bination of chemotherapy and immunotherapy
(anti-CD20 with chemotherapy), or drugs that affect
signaling pathways involving in growth and/or sur-
vival of CLL cells (inhibitors of BCR signaling and
BCL2 protein) [2]. However, treatment outcomes
are often not satisfactory and CLL remains incur-
able because of some increasing medical problems
such as requirement for lifelong therapy, acquired
resistance mechanisms in leukemic cells, toxic-
ity of drugs and significant short- and long-term
morbidity and mortality [4, 5]. Due to these com-
plications, introducing new therapeutic approaches
is mandatory. Immunosuppression and immune
defects caused by intricate and bidirectional interac-
tions between malignant cells and various cell types
of the tumor microenvironment, particularly T cells,
lead to the lack of the adequate antitumor immune
responses in CLL patients [6, 7]. Recently, attention
has shifted to a subset of T cells named “exhausted
T cells” which arise during chronic infections and
cancers in animal models and humans. Exhausted
T cells show diminished proliferative capacity, re-
duced cytotoxic ability and impaired production
of effector cytokines. A main hallmark of T cell
exhaustion is high level expression of inhibitory re-
ceptors such as programmed cell death 1 (PD-1),
cytotoxic T lymphocyte-associated antigen 4 (CTLA-
4), T cell immunoglobulin-3 (TIM-3), lymphocyte
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activation gene-3 and T cell immunoglobulin and
immunoreceptor tyrosine-based inhibitory motif
domain [8, 9]. Blockade of inhibitory receptors has
led to the development of a promising approach
for the treatment of cancers and has demonstrated
clinical efficacy in some kinds of tumors [10]. In this
regard, monoclonal antibodies against CTLA-4 (ipili-
mumab), PD-1 (nivolumab and pembrolizumab), and
programmed death-ligand 1 (PD-L1) (atezolizumab,
durvalumab, and avelumab) have been approved
for the treatment of melanoma, non-small cell
lung carcinoma, head and neck cancer, urothe-
lial carcinoma, and many other kinds of cancers.
Besides these approved antibodies, many other
checkpoint blockade molecules are in clinical trials
for monotherapy or combination therapy of a vari-
ety of malignancies [8]. Despite solid tumors, little
success was achieved about application of immune
checkpoint inhibitors for treatment of hematologi-
cal malignancies. Since in patients with CLL, CD8"*
T cells are exhausted, expressed checkpoint re-
ceptors like PD-1 and TIM-3 and have functional
defects [11], we have designed an in vitro study
to block the PD-1 and TIM-3 molecules to enhance
the apoptosis of CLL leukemic cells by CD8* T cells.

MATERIALS AND METHODS

Patients. A total of 16 untreated CLL patients
(12 males and 4 females; mean age of 69.6 years),
referred to the Hematology and Oncology Clinic
of Imam Khomeini Hospital affiliated to Mazandaran
University of Medical Sciences, were enrolled in this
study. The purpose of the research was explained
to all participants who took part in the study. A writ-
ten consent letter was achieved from all patients
and the study was approved by the Ethical Commit-
tee of Mazandaran University of Medical Sciences.
The diagnosis of CLL was done based on the blood
cell count, cell morphology, immunophenotyp-
ing analysis and clinical symptoms according
to the WHO criteria. Rai staging system was used
to classify the patients into early (stages 0-Il) and
advanced stages (stages llland V). The main clinical

Table. Major clinical and laboratory characteristics of CLL patients

No Age Sex WBC  Lym PLT Hb CD38 Rai
(year) *103/mm® (%)  *10%/mm® (g/dl) (%) stage
P1 66 M 17.5 34 150 142 6.5 0
P2 78 M 63.9 86.5 118 15.6 21 2
P3 70 M 328 785 147 139 13 1
P4 80 M 68.2 NA 133 16 1.4 2
P5 71 F 23.9 NA 153 1.5 0.2 1
P6 64 F 9.6 61.5 237 10.6 14 0
P7 83 F 6.1 43.6 140 151 3.6 0
P8 77 M 455  61.9 176 136 75 1
P9 83 M 442 876 228 148 2.8 1
P10 47 M 37 89.1 166 15.3 3.1 1
P11 70 M 1.1 NA 125 9.5 22 2
P12 79 M 2.3 29.9 121 8.7 0.8 NA
P13 53 M 64.9 NA 170 1.3 NA 2
P14 74 F 59.6 NA 14 10.8 2.1 2
P15 71 M 5.3 30 30 1.5 58 NA
P16 48 M 24.7 19.2 143 15.7 3 0

Notes: M — male; F — female; WBC — white blood cell count; Lym — lym-
phocytes percent in peripheral blood; PLT — platelet count; Hb — hemoglo-
bin; NA — not available.

and hematological characteristics of the patients are
summarized in the Table.

Isolation of CD8" T lymphocytes by magnet-
ic-activated cell separation (MACS) method.
Heparinized peripheral blood samples were taken
from all patients and fresh peripheral blood mono-
nuclear cells (PBMCs) were isolated by Ficoll-
Histopaque density gradient centrifugation accord-
ing to the manufacturer’s instructions (Biosera,
France). Isolated PBMCs were washed twice with
RPMI-1640 culture medium (Biosera, France)
supplemented with penicillin (100 IU/ml) and strep-
tomycin (100 ug/ml) (Biosera, France). The viability
of isolated cells was > 98% as determined by try-
pan blue staining. To isolate the CD8* T cells from
PBMCs, any cell clamps and possible debris were
removed using a 70 um pre-separation filter (Milt-
enyi Biotec, Germany). Positive isolation of CD8*
T cells was done using magnetic beads-conjugated
anti-CD8 mAbs kit (Miltenyi Biotec, Germany).
The purity of isolated cells was analyzed by dual
color flow cytometry staining using anti-CD8-FITC
and anti-CD3-PE (eBioscience, USA). As expected
from positive selection, the purity of isolated CD8*
T cells was more than 98%.

Treatment of MACS-isolated CD8" T cells
with anti-PD- 1, anti-TIM-3 and isotype-matched
control antibodies. For the blocking experiments,
5.10° of MACS-isolated CD8* T cells were incubated
with 5 pg ml' of anti-PD-1, anti-TIM-3 and their
isotype-matched control antibody (all from Bioleg-
end, USA) at 37 °C with 5% CO, overnight. Following
incubation with blocking and control antibodies,
CD8* T cells were transferred to 96-well culture
plate pre-coated with anti-CD3 (1 ug ml') (Bioleg-
end, USA) and then co-cultured with non-CD8* cell
fraction of PBMCs from MACS isolation which was
considered as target cells in 500 yl RPMI-1640 me-
dium, supplemented with penicillin (100 IU/ml),
streptomycin (100 ug/ml) and 10% heat-inactivated
fetal bovine serum (Biosera, France) in the pres-
ence of soluble anti-CD28 antibody (0.5 ug ml")
(Biolegend, USA) and recombinant human inter-
leukin-2 (rhIL-2; 10 ng mlI') (Biolegend, USA) for
48 h. Target cells and CD8* T cells were cultured
in 1:1/5 ratio. All cultures were run in duplicate.

Flow cytometric analysis of apoptosis
in CLL leukemic cells. Based on previously re-
ported data [12], the 48 h time point was selected
for the analysis. Apoptosis was determined using
the Annexin-V-FITC apoptosis detection kit, accord-
ing to the manufacturer’s instructions (eBioscience,
USA). Briefly, after 48 h culture, cells were harvested
and resuspended in 100 ul of binding buffer, incu-
bated with 5 ul anti-CD19-PE (eBioscience, USA) for
45 min and then with 5 yl Annexin V-FITC (eBiosci-
ence, USA) for 10 min. For flow cytometry analysis,
CD19* cells were initially gated and the binding
of Annexin-V was determined in the gated cells. Ir-
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relevant isotype-matched PE control antibody was
also applied to subtract the background staining.
Quantitative real-time reverse transcription
polymerase chain reaction (PCR). Total RNA was
extracted from co-culture using an RNA isolation
kit (DenaZist Asia, Iran) according to the manu-
facturer’s instruction and cDNA was synthesized
using RevertAid First Strand cDNA Synthesis kit
(Yekta Tajhiz, Iran). The isolated RNA quality was
confirmed by nano-spectrophotometer (WPA,
England) and electrophoresis. Real-time PCR was
performed using Thermo Scientific Maxima SYBR
Green/ROX gPCR Master Mix (Thermo Scientific,
USA) reagent in StepOnePlus Real-Time PCR sys-
tem (Applied Biosystems, USA) with the following
primers: BAX (forward): TGT TTT CTG ACG GCA
ACT, BAX (reverse): CGG AGG AAG TCC AAT GTC;
CASP3 (forward): GAT TAT CCT GAG ATG GGT TTA
TG, CASP3 (reverse): GTT TCT GAA TGT TTC CCT
GAG; BCL2 (forward): GGG AGA ACA GGG TAC GAT
AA, BCL2 (reverse): GGC TGG GAG GAG AAG ATG;
B-actin (forward): CCT TCC TGG GCA TGG AGT
CCT, B-actin (reverse): TGG GTG CCA GGG CAG
TGA T. PCR was performed as initial denaturation
at 94 °C for 5 min followed by 40 cycles of dena-
turation at 94 °C for 30 s, annealing at 58.5 °'C (BAX
and B-actin), 60 °C (CASP3 and BCL2) for 30 s and
extension at 72 °C for 30 s. Melting curve analysis
was carried out for every run to verify the specific-
ity of the amplification and the lack of the primer
dimers. The expression level of BAX, CASP3 and
BCL2 mRNA was identified with 2-2Ct value using
B-actin as an internal housekeeping gene.
Cytokine measurement by ELISA. After
48 h of co-culture of CLL leukemic target cells with
isolated CD8* T cells, the culture supernatants were
collected for measurement of tumor necrosis fac-
tor alpha (TNF-a) and interferon gamma (IFN-y)
by ELISA according to the manufacturer’s protocol
(Thermo Fisher Scientific, USA). Detection ranges
were 4-500 pg/mL for both IFN-y and TNF-a.
Statistical analysis. Statistical analyses were
performed with GraphPad Prism 6 (GraphPad
Software Inc.). Kolmogorov — Smirnov test was
performed on the obtained data for determination
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Fig. 1. Purity analysis of MACS-isolated CD8* T cells from CLL
patients. Dual color flow cytometry analysis (anti-CD8-FITC and
anti-CD3-PE) was done on MACS-isolated CD8* T cells from CLL
patients. Cells were initially gated based on their forward and
side scatter properties and then the co-expression of CD3 and
CD8 was evaluated. A representative dot-plot obtained from
a CLL patient is represented

of normality distribution. ANOVA test was used for
mean comparison between groups. All data are
expressed as mean * SEM. Statistical significance
was set at p-values less than 0.05.

RESULTS

Purity assessment by flow cytometry for
MACS-isolated CD8" T cells from CLL patients.
Following MACS isolation of CD8* T cells from all
enrolled CLL patients, flow cytometric analysis
with anti-CD8 and anti-CD3 monoclonal antibodies
was performed on positively isolated CD8* T cells.
The purity of isolated cells was always more than
98% as represented in Fig. 1.

Blockade of PD-1 and TIM-3 receptors could
not enhance the apoptosis of leukemic cells
by CD8" T cells in CLL patients. Following MACS
isolation of CD8* T cells from all enrolled CLL pa-
tients, the cells were treated with blocking anti-PD-1,
anti-TIM-3 and isotype-matched control antibodies
overnight and then co-cultured with leukemic CLL
cells astargetin the presence of anti-CD3/CD28 an-
tibodies and rhilL-2. After 48 h, the cells were stained
with anti-CD19-PE and Annexin V-FITC to monitor
the apoptosis pattern of CD19* leukemic cells by flow
cytometry. Although a slight increase in apoptosis
was observed in blocked groups, statistical analysis
showed no significant difference between blocked
and unblocked groups in terms of apoptosis pattern
of leukemic cells (p > 0.05; Fig. 2).

Blocking of CD8" T cells with anti PD-1 and
TIM-3 did not alter the expression of pro- and
anti-apoptotic genes in leukemic CLL cells.
After apoptosis results regarding no improvement
of cell death by TIM-3/PD-1 blocking, we then
measured the mRNA expression of some pro- and
anti-apoptotic genes to confirm the apoptosis
data. MACS-isolated CD8* T cells were treated with
anti-PD-1, anti-TIM-3 and isotype-matched control
antibodies and then co-cultured with leukemic CLL
cells in the presence of anti-CD3/CD28 antibod-
ies and rhilL-2. Following 48 h of culture, total RNA
was extracted from all samples and converted
to cDNA. Real-time PCR was performed for BAX,
CASP3, BCL2 and B-actin genes. As shown in Fig. 3,
no significant difference was found in expression
profile of BAX, CASP3 and BCL2 genes between
blocked and unblocked groups (p >0.05).

Blockade of PD-1 and TIM-3 receptors did
not affect the production of cytokines by CD8"*
T cells in CLL patients. To explore whether
the blockade of TIM-3 and PD-1 receptors might
change the cytokine production profile of CD8*
T cells, MACS-isolated CD8* T cells from all pa-
tients were treated with anti-PD-1, anti-TIM-3 and
isotype-matched control antibodies and then co-
cultured with leukemic CLL cells in the presence
of anti-CD3/CD28 antibodies and rhlL-2 for 48 h.
After that, the culture supernatants were collected
and the concentration of TNF-a and IFN-y was
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Fig. 2. Flow cytometric analysis of apoptosis induction in leukemic CLL cells by CD8* T cells in the presence of anti-TIM-3 and
anti-PD-1 blocking antibodies. MACS-isolated CD8* T cells from 16 CLL patients were treated with anti-PD-1, anti-TIM-3 and
isotype-matched control antibodies overnight and then co-cultured with leukemic CLL cells as target in the presence of anti-CD3/
CD28 antibodies and rhiL-2. After 48 h, cells were stained with anti-CD19-PE and Annexin V-FITC and then analyzed by flow cytom-
etry. CD19* cells were initially gated and the expression of Annexin-V was then measured: a — gating strategy and representative
flow cytometry histograms obtained from a CLL patient are shown; b— percent of apoptotic cells in all CLL patients are shown.
Apoptotic cells were determined as Annexin V* cells out of CD19* cells. No significant difference was found between blocked and
unblocked groups (p > 0.05). Graph represents the mean = SEM

measured by ELISA. Our data showed no significant
difference between blocked and unblocked groups
in terms of TNF-a and IFN-y production profile
(shown in Fig. 4)

DISCUSSION

In the last decade, a novel strategy for immuno-
therapy called immune checkpoint blockade (ICB)
has been introduced as one of the most promising
and powerful treatment options for many types
of cancers. Anti-CTLA-4 antibody (ipilimumab) was
the first approved monoclonal antibody by the Food
and Drug Administration (FDA) for treatment of met-

astatic melanoma in 2011 [13]. After invaluable
clinical success, anti-PD-1 antibody (nivolumab)
has been approved for a variety in cancers including
metastatic melanoma [14], metastatic squamous
non-small-cell lung carcinoma [15], advanced
renal cell carcinoma [16], classical Hodgkin lym-
phoma [17], recurrent or metastatic squamous cell
carcinoma of the head and neck [18], metastatic
urothelial carcinoma [19], metastatic colorectal can-
cer [20] and hepatocellular carcinoma [21] between
2014-2017. Together with nivolumab, another anti-
PD-1 immune checkpointinhibitor, pembrolizumab,
has also obtained FDA approval for some malignan-
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ciesin 2017 [22-25]. Finally, anti-PD-L1 antibodies
(atezolizumab, avelumab and durvalumab) have
also received FDA approval for metastatic urothe-
lial carcinoma [26, 27], metastatic non-small-cell
lung carcinoma [28, 29] and metastatic Merkel cell
carcinoma [30] in 2016-2018. Given the incredible
clinical success of these FDA-approved immune
checkpoint inhibitors in solid tumors, many ongo-
ing researches are focused for application of this
strategy in hematopoietic malignancies.

With this aim, we decided to explore the effects
of immune checkpoint inhibitors on restoration
of CD8* T cells function in CLL patients. Although
blockade of CTLA-4, PD-1 and PD-L1 has revealed
highly impressive results in treatment of many can-
cers, many patients with various kinds of tumors fail
to respond to ICB strategy. One possible reason could
be the compensatory immune escape mechanisms
applied by cancer cells to deviate the host immune
system. Therefore, intense investigations in targeting
other inhibitory receptors, such as the TIM-3, T cell
immunoglobulin and immunoreceptor tyrosine-based
inhibitory motif domain and lymphocyte activation
gene-3 are required [31]. Despite up-regulation
of PD-1 and TIM-3 and their ligands in CLL patients,
which was also indicated in our previous studies [11,
32, 38], our primary in vitro results did not show
effective improvements in function of CD8* T cells
after blocking with anti-PD-1 and/or anti-TIM-3 [34].
In previous studies, anti-TIM-3 blocking antibody
restored T cell proliferation and cytokines produc-
tion in HIV-1-specific T cells [35], antigen-specific
CD8* T cells in gastric cancer [36] and melanoma
patients [37]. Regarding chronic viral infections,
blockade of PD-1/PD-L1 interaction resulted in res-
toration of antigen-specific T cell responses in LCMV-
infected mice [38] and humans infected with HIV [39].
In addition, interference in PD-1-PD-L signaling with
blockade antibody restored T cell function in murine
acute myeloid leukemia model [40], Hodgkin lympho-
ma [41] and chronic myeloid leukemia [42]. Simul-
taneous targeting of the TIM-3 and PD-1 pathways
improved CD8" T cell functional properties in a model
of chronic viral infection [43] and in mice bearing
solid tumors [44]. Combined blockade of PD-1 and
CTLA-4 increased CD8*and CD4* T cells proliferation
and cytokines production in a murine model of colon
carcinoma [45].

In contrast, our current results with cells from
CLL patients are inconsistent with data mentioned
above. This discrepancy may be interpreted in sev-
eral ways. First, T cells from CLL patients express
other inhibitory receptors besides PD-1 and TIM-3,
which could be responsible for their unresponsive-
ness. Riches et al. [46] showed that other inhibitory
receptors such as CD244 and CD 160 are more highly
expressed checkpoint receptors in CLL patients
and they may overcome the effects of PD-1 or TIM-
3 blocking. However, the main reason for no effects
of TIM-3 and PD-1 blocking on function of CD8* may
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Fig. 3. Expression profile of BAX, CASP3 and BCLZ2 genes after
blocking of PD-1 and TIM-3 receptors in leukemic CLL cells.
MACS-isolated CD8* T cells from 16 CLL patients were treated
with anti-PD-1, anti-TIM-3 and isotype-matched control anti-
bodies overnight and then co-cultured with leukemic CLL cells
as targetin the presence of anti-CD3/CD28 antibodies and rhiL-
2. Following 48 h of culture, total RNA was extracted from cells,
cDNA was synthesized and real-time PCR was performed for
BAX, CASP3, BCL2 and B-actin genes. Relative mRNA transcript
level and fold change of BAX (a), CASP3 (b) and BCL2 (c) genes
in blocked and unblocked groups are represented. No significant
difference was found between blocked and unblocked groups (p
> 0.05). Data are represented as the mean + SEM of 2-2¢t after
normalization with B-actin as an internal control
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Fig. 4. Cytokine production pattern of isolated CD8+ T cells from
CLL patients after blocking with anti-PD-1 and anti-TIM-3 anti-
bodies. MACS-isolated CD8+ T cells from 16 CLL patients were
treated with anti-PD-1, anti-TIM-3 and isotype-matched control
antibodies overnight and then co-cultured with leukemic CLL
cells in the presence of anti-CD3/CD28 antibodies and rhlL-2.
After 48 h, the culture supernatants were collected for measure-
ment of TNF-a (a) and IFN-y (b) by ELISA. No significant differ-
ence was observed between blocked and unblocked groups (p
> 0.05). Graph represents the mean = SEM

be related to the clinical stages of CLL patients. Our
previous study showed a higher frequency of ex-
hausted CD8* T cells in CLL patients at advanced
clinical stages compared to those in early stages
of the disease, Rai stage 0-II, who do not require
any therapies unless disease progresses [11]. In our
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current study, most CLL patients were at the early
stages of the disease and did not indicate progres-
sion criteria. Thus, we conclude that in CLL patients
at early clinical stages that show lower expression
of PD-1 and TIM-3 on their CD8" T cells, blockade
of PD-1 and TIM-3 is not efficient and conversely CLL
patients at advanced clinical stages may respond
to this therapy. In this regard, Behdad et al. [47] have
indicated the correlation between clinical severity
and higher expression of PD-1 on leukemic B cells
of patients with Richter syndrome representing
an aggressive transformation form of CLL. Later on,
in a clinical trial on patients with Richter syndrome,
the combination regimen of Ibrutinib and anti-PD-1,
nivolumab, indicated 65% overall response, while
in patients with relapsed/refractory CLL and follicular
lymphoma, only treatment with single-agent Ibruti-
nib was effective [48]. In addition, two other phase
Il clinical trials conducted on patients with Richter
syndrome demonstrated that combination therapy
with Ibrutinib and PD-1 blocking monoclonal antibody
show an acceptable outcome confirming the idea that
clinical stage is animportantissue in response of CLL
patients to immune checkpoint therapy [49, 50].

According to these preclinical and clinical studies
with different approaches, it seems that ICB-based
therapy cannot be considered as a treatment op-
tionin CLL patients at an early stage of the disease.
In conclusion, we investigated the effects of block-
ing antibodies against two important inhibitory
receptors, PD-1 and TIM-3, on restoring the func-
tion of exhausted CD8* T cells. Our data from all
experiments indicated that blocking of PD-1 and
TIM-3 does not restore the function CD8* T cells
in CLL patients. Together with our previous reports
and related clinical studies, we conclude the immune
checkpoint therapy may not be considered for CLL
patients at early clinical stages.
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BJIOKYBAHHS PD-1 1 TIM-3 HE 3BUJIbLUYE
ANMONTO3Y 3/I0AKICHUX KJTITUH XPOHIYHOI
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Merta: 3Baxaoun Ha yCnixy 3aCTOCYBaHHSA iHTiBITOPIB iIMyHHUX
KOHTPOJIbHUX TOYOK AAs iMyHOTepanii B OHKOJOrii, BMBYaNn
edekT 6/10KyBaHHA peLenTopa NporpamMoBaHoi KIiITUHHOI 3a-
rnbeni 1 (programmed cell death 1 — PD-1) ta T-knitmHHOro
imyHorno6yniHy 3 (T cell immunoglobulin-3 — TIM-3) Ha iH-
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OyKUil0O anonTo3y JIeNKeMiYHUX KNiTUH BUCHaxeHumun CD8*
T-kKNiTMHAMK Yy XBOPUX Ha XPOHIYHY niMboumnTapHy nerike-
mito (XJ11). Matepiann Ta metogu: CD8" T-kniTHN BUAins-
nm 3 nepudepnyHoi KpoBi 16 xBopux Ha XJ1J1 cenapyBaHHAM
Ha MarHiTHUx rpavynax. Bugineni CD8* T-knituHn o6pobnsnn
abo 6nokyBanbHUMK aHTUTInammn npotn PD-1T1a TIM-3, abo
aHTUTINaMun i30TUNOBOr0 KOHTPOJO, MICAS 4Oro KynbTUBYBaA-
NN X 3 NernKo3HuUMK knituHamm XJJ1. BigcoTok anonTOTUYHNX
KNiTVH BU3HA4Yann MeToA0M NPOTOYHOT LMTOMETPIi. EKCcnipecito
reHiB, NOB’A3aHMX 3 aNONTO30M, BU3Ha4Yasv METOA0M Monime-
pasHOoi NaHLroBoi peakLii B peanbHOMy 4aci. KoHueHTpauiio
iHTepdepoHy-y Ta dakTopa HEKPO3y MYXJMHU-O BU3HAYANN
METOAOM iIMyHOMDEPMEHTHOro aHanisy. PeayabraTtu: AHanis
anonTo3y MeToA0M NMPOTOYHOT LMTOMETPIi Nokasas, Lo 610Ky-
BaHHSA PD-1 T1a TIM-3 He BnanBano CyTTEBO Ha BiACOTOK anor-
TO3Yy KNiTUH XJ1J1, iHgykoBaHoro CD8' T-kniTmHamu, wo nig-
TBEPAXKEHO 1 BiACYTHICTIO 3MiH ekcrnpecii reHis BAX, BCL2 Ta
CASP3. Pi3Huuj B npoaykKuii iHTepdepoHy-y Ta daktopa He-
KpO3y NyxnuHW-a B pasi 6nokyBaHHs PD-1Ta TIM-3 Takox
He BuW3Ha4vanu. BucHoBku: bnokyBaHHs PD-1T1a TIM-3 He €
edeKTVBHOIO cTpaTerielo Ans BiOHOBNEHHS ¢yHKujii CD8*
T-kNiITUH y xBOpMX Ha XJ1J1 Ha paHHIX KNiHIYHWX CTadigx 3aXBO-
ptoBaHHA. MNoganbLui AOCNiOXEHHS in vitro Ta in vivo HeobxigHi
ons po3pobkn Ginbll afpecHOro 3acTOCYBaHHA ONOKYBaHHS
IMYHHUX KOHTPOJIBHUX TOYOK Y XBOpUX Ha XJ1J1.

Kmoyosi cnosa: XJ11, aHTu-PD-1, aHTn-TIM-3, CD8* T knitu-
HU1, anonTos.



