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PD1 EXPRESSION IN IMMUNE CELLS WITHIN THE TUMOR MICROENVIRONMENT OF PATIENTS
WITH NON-SMALL CELL AND SMALL CELL LUNG CANCER

Kalinchuk AYu, Tsarenkova EA, Loos DM, Mokh AA, Rodionov EO, Miller SV, Grigoryeva ES®, Tashireva LA
The Laboratory of Molecular Therapy of Cancer, Cancer Research Institute, Tomsk National Research Medical Center, Russian Academy of Sciences, Tomsk, Russia

The clinical significance of programmed cell death protein 1 (PD-1) expression in the tumor microenvironment (TME) of lung cancer, particularly in the context
of immunotherapy, remains poorly understood. This study aimed to evaluate PD-1 expression in tumor-infiltrating immune cells and its association with clinical
outcomes in lung cancer patients. In a study of 20 patients (17 men and three women, average age 56 + 6.9 years) with lung cancer, four key immune cell
populations involved in the immunotherapy response were analyzed using multiplexed in situ immunofluorescence. The focus was on PD-1 expression patterns
and their correlation with progression-free survival (PFS). Our findings revealed that PD-1 expression was predominantly observed on CD8* lymphocytes, albeit
at low levels (~5%), suggesting a state of T-cell exhaustion. Notably, PD-1-expressing immune cells were rare in both non-small-cell and small-cell lung cancer
microenvironments, indicating that most immune cells remain functionally active. This deficit of PD-1+ cells may explain the limited therapeutic efficacy of anti-
PD-1 antibodies. Furthermore, we identified CD20* B-cell infiltration as an independent predictor of poorer PFS (HR = 0.17, 95% Cl: 0.02-0.65, p = 0.0454),
highlighting a previously underappreciated role of B cells in lung cancer progression. Additionally, the presence of distant metastases (stage M1), a high proportion of
PD-1+*CD163* macrophages, and a low proportion of PD-1*FoxP3* lymphocytes were associated with shorter PFS, underscoring the complex interplay between
immunosuppressive and immunostimulatory cell populations in the TME. These findings suggest that PD-1-expressing immune subsets, particularly cytotoxic
lymphocytes and regulatory T cells, may serve as prognostic markers and potential therapeutic targets.
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OKCMNPECCUA PD-1 B UMMYHHbIX KIETKAX MUKPOOKPY>XEHWSA OMyXonn 'y NALUMEHTOB
C HEMEJNIKOKJIETOYHbIM U MENTKOKJIETOYHbIM PAKOM JIETKOIO

A. 1O. KanmHuyk, E. A. Llaperkosa, [. M. Jlooc, A. A. Mox, E. O. Pogunoros, C. B. Munnep, E. C. MNpuropeesa ™, J1. A.Talwvpesa
Hay4Ho-1cenenoBaTensCKni UHCTUTYT OHKONOMN, TOMCKUIA HALMOHaUTbHBIA MCCNER0BaTeNbCKUN MEAULIMHCKIN LIeHTP Poccuitckon akagemmm Hayk, Tomck, Poccurs

KnnHmyeckoe 3HadeHre akcnpeccum 6enka PD-1 B MUKPOOKPY>KEHMM OMy X0 paka Nerkvx, OCOBEHHO B KOHTEKCTE MMMYHOTEpanumM, OCTaeTCS MIOX0 U3Y4eHHbBIM.
Llenbto ncecnepoBaHms 66110 oLeHUTb akenpeccuto PD-1 B MHUABTPMPYHOLLMX OMYyXOsb MMMYHHbBIX KIETKax U ee CBS3b C KIIMHNHYECKMI NCXOAaMM Y MNaLMeHTOB
C pakom nerkmnx. Y 20 naupeHToB (17 MyXXHYUH 1 TP XKEHLLWHDBI, CpedHun Bo3pacT cocTaBun 56 + 6,9 neT) ¢ pakoM Nerkoro C MOMOLLBIO MySIBTUMIEKCHOM
VIMMYHOyopecLEeHLN in Situ Bbin NPOBEeAEH aHaIN3 YETbIPEX KIKOHEBbIX MOMYMALWN MMYHHbIX KIETOK, BOBMEYEHHbIX B OTBET Ha MMMYHOTEpanuto, ¢ hokycom
BH/MaHVSA Ha narTepHax akcnpeccun PD-1 1 nx Koppenaumm ¢ BbbK1BaemMocTbio 6e3 nporpeccrpoBaHuns (progression-free survival, PFS). Okcnpeccuio PD-1
npenMyLLLecTBeHHO Habntofanm Ha CD8*-nmdoLmTax, XoTs U Ha HU3KOM YPOBHE (~5%), YTO NpefnonaraeT COCTOSIHNE UCTOLLEHMS T-KNETOK. VIMMYyHHbIe KNETKW,
aKcnpeccupytole PD-1, BCTpedanuCe pefKo B MUKPOOKPYXKEHUM Kak HEMENKOKNETOYHOO, Tak ¥ MENKOKNETOYHOMO paka flerkix, BO3MOXXHO B CBSA3U C TeM,
YTO BONBLUMHCTBO MMMYHHbIX KIIETOK OCTaOTCA (DYHKLIMOHANBHO akTBHbIMU. dedmumtom Knetok PD-1* MOXHO OOBACHUTb OrPaHUYEHHYI TepaneBTUHECKYHO
athheKTMBHOCTL aHTUTeN Npotne PD-1. BbiseneHo, 4to nHhunstpaumns CD20* B-kneTkamm SBNSeTCs He3aBCUMbIM NMPeankTopoM Huskon PFS (HR = 0,17;
95% Cl: 0,02-0,65; p = 0,0454), 1 310 NOAYEPKMBAET PaHee HeAOOLIEHEHHYIO POSb B-KNETOK B MPOrpeccnpoBaHnn paka nerkux. [lokasaHo takxke, YTo Hanmyme
OoTAaneHHbIX MeTacTasos (ctaana M1), Beicokas gons makpodaros PD-1*CD163* 1 Hnskas gonsa nmdoumtos PD-1+FoxP3* ceasaHbl ¢ 6onee kopotkon PFS,
YTO MOOYEPKMBAET CNOXHOE B3aUMOAEVICTBME MEXY MOMYNALMSMY KNETOK B OMyXONEBOM MUKPOOKPY>KXEHUN. DT pesynbTaThbl CBUAETENbCTBYIOT O TOM, YTO
VIMMYHHblE cybnonynaumm, skenpeccupytoLme PD-1, B YaCTHOCTY LITOTOKCUYECKIE IMMAOLMTBI U PEMYASTOPHBIE T-KNETKM, MOTYT CY>KUTb MPOrHOCTUYECKV MM
MapKkepamu 1 NoTeHLManbHbIMIU TepaneBTUHECKMU MALLEHAMU.

KntoueBble cnoBa: akcnpeccust PD-1, MUKPOOKPY>KEHWE OMyXomnu, UMMYHHbIE KOHTPOSbHbBIE TOHKM, PaK fIerkoro
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The immune microenvironment within tumors actively participates
in the processes of cancer development and progression.
This role is underscored by the rapid expansion of therapeutic
approaches that aim to modulate the immune microenvironment,
including those for lung cancer. A series of fundamental studies
in model systems have revealed pathogenetic mechanisms
of progression and microenvironment factors associated with
resistance to immunotherapy in lung cancer [1]. For example,
a high percentage of PD-1-expressing cells among CD8+
lymphocytes have been correlated with a limited response
to PD-1 blockade during polyclonal T-cell stimulation [2].
During the study of the relationship between immunological
parameters and the clinical course of the disease in patients,
patterns were identified that indicate the significance of the
immune microenvironment [3]. Thus, the classification of the
tumor immune microenvironment (TIMT) based on PD-1/PD-L1 and
CD8* tumor-infiltrating lymphocytes (TIL) effectively stratifies
lung adenocarcinoma patients into groups with varying survival
rates. Notably, the group with low CD8* lymphocyte counts
and high PD-1/PD-L1 expression demonstrates the poorest
outcomes [4]. The microenvironment demonstrates equally
importance in studies examining its association with responses
to immunotherapy. For instance, the IKCscore (Immune-
Keratin-lImmune Checkpoint score), which is derived from the
expression ratios of various genes encoding immune markers
and cytokeratins, is a promising indicator for predicting
the efficacy of immunotherapy and immunotherapy-based
combination therapies in non-small cell lung cancer (NSCLC).
Furthermore, the infiltration levels of CD8* lymphocytes, resting
memory CD4+ T cells, and resting dendritic cells are significantly
higher in the high IKCscore group than in the low IKCscore
group [5]. Expression of programmed death ligand 1 (PD-L1)
on tumor cells and tumor mutational burden (TMB) have been
identified as predictors of response to immunotherapy. However,
the actual clinical scenario shows that these biomarkers alone
are insufficient for effectively selecting patients for such type
of therapy. Interestingly, despite extensive research into the
characteristics of the tumor microenvironment in lung cancer,
certain aspects relevant to immunotherapy remain unexplored.

One class of immunotherapeutic agents includes anti-
PD1 antibodies, which target the receptor rather than the
ligand. Nonetheless, the expression of PD1 within the lung
cancer microenvironment is poorly understood. Given the
wide availability of therapeutic options that incorporate
immune checkpoint inhibitors, understanding the specificities
of the tumor microenvironment becomes crucial. This could
enhance the identification of associations with the efficacy of
immunotherapy. The aim of this study was to evaluate PD-1
expression in tumor-infiltrating immune cells and its association
with clinical outcomes in patients with lung cancer.

METHODS
Patients

The study involved 20 patients (3 women and 17 men) with
a morphologically verified diagnosis of lung cancer. Among
them, 12 patients had non-small cell lung cancer and 8 had
small cell lung cancer. All patients were at disease stage IlI-IV
(10 patients were stage Ill, 10 — stage V), with a mean age of
56 + 6.9 years. Exclusion criteria were stage -l lung cancer,
concomitant autoimmune and inflammatory diseases. The
patients completed the full course of treatment in accordance
with clinical guidelines recommendations (combination therapy;,
including first-line and subsequent-line chemotherapy according

to the following regimens: Carboplatin/Paclitaxel, Pemetrexed/
Carboplatin, Carboplatin/Etoposide, monochemotherapy with
taxanes, Denosumab, chemoimmunotherapy; if indicated,
patients underwent external beam radiation therapy). The median
follow-up period was 12 months.

Tumor microenvironment immunophenotyping

Tumor tissue samples were collected from all patients prior to
any treatment, fixed in formalin, and embedded in paraffin using
standard techniques. Subsequently, multicolor staining of the
lung cancer tissue was carried out employing TSA (tyramide
signal amplification) modification in immunohistochemical
analysis. The following primary antibodies were used: human
anti-CD8 (Ventana, Switzerland, clone SP57, dilution 1 : 10),
anti-PD-1 (ABclonal, China, clone AMCO0439, dilution 1:500),
anti-CD20 (Leica Biosystems, Germany, clone L26, dilution
1:600), anti-CD163 (Diagnostic Biosystems, USA, clone 10D6,
dilution 1 : 150) and anti-FoxP3 monoclonal antibody (Invitrogen,
USA, clone 236A/E7, dilution 1 : 800). The EnVision FLEX/
HRP system (Dako, Denmark) and Opal 7-color Fluorophore
Kit (Akoya Biosciences, USA), which includes tyramide
conjugated with fluorophores, were utilized for detection. The
staining procedure was executed on a BOND RXm automated
immunohistostainer (Leica, Germany). The protocol included
antigen retrieval using Epitope Retrieval Solution 2 buffer (Leica
Biosystems, Germany) at 98.5 °C for 20 minutes, followed by
five sequential staining cycles. Each cycle consisted of the
following steps: a 10-minute incubation of EnVision FLEX
Peroxidase-blocking reagent (Dako, Denmark), a 10-minute
incubation with Novocastra Protein Block (Leica Biosystems,
Germany), a 30-minute incubation with the primary antibody,
a 30-minute incubation with EnVision FLEX/HRP, and
a 20-minute incubation with Opal dye. After each cycle,
depletion complex of primary and secondary antibodies was
performed using Epitope Retrieval Solution 2 buffer. Cell
nuclei were counterstained manually using Fluoroshield™ with
DAPI (Sigma-Aldrich, USA). Visualization and image acquisition
(Fig. 1) were carried out using the Vectra® 3.0 system (Akoya
Biosciences, USA), and quantitative cell analysis was performed
using inForm® software (Akoya Biosciences, USA) based on data
collected from seven representative tissue regions.

The densities of CD8* cytotoxic lymphocytes, CD20*
B-lymphocytes, CD163* tumor-associated macrophages, and
FoxP3* regulatory T lymphocytes were quantified in tumor
tissues obtained from patients with lung cancer (Fig. 1). The
results were represented as the percentage of each cell type
relative to the total cell count in the tumor stroma. Statistical
analyses of the results were performed using Prism 10 software
(GraphPad, USA). The Friedman test was used to detect
differences in the number of immune cells within the tumor
microenvironment, while the nonparametric Mann-Whitney
test was employed for comparing independent groups. Both
univariate and multivariate Cox regression analyses were
conducted to determine the associations between key clinical
and pathological parameters, as well as tumor microenvironment
parameters, with progression-free survival. All criteria were
two-sided, and differences were deemed significant at p < 0.05.

RESULTS

In the tumor microenvironment of NSCLC, the median
proportion of PD-1-positive cells was 1.04 (0.17-1.70)%, in small
cell lung cancer (SCLC) — 0.27 (0.03-2.93)%. The frequency
of PD-1-positive CD8* cytotoxic lymphocytes was 83.3%
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Fig. 1. Tumor microenvironment of lung cancer. Multiplex image, 400x magnification

(10/12) in patients with NSCLC and 37.5% (3/8) in patients  cancer patients revealed no significant correlations between
with SCLC. While the frequency of PD-1-positive CD20*  the studied cell populations and patient age, smoking status,
B-lymphocytes were 8.3% (1/12) and 12.5% (1/8), PD-1-  or the presence of distant metastases (stage M1). However,
positive FoxP3* T-regulatory lymphocytes were 25% (3/12)  a statistically significant association was observed between
and 12.5% (1/8), and PD-1-positive CD163* macrophages disease stage and the proportion of CD8* lymphocytes
were 25% (3/12) and 20% (2/8), respectively. We studied in patients with SCLC. Specifically, patients with stage
the proportion of PD-1-positive CD8* cytotoxic lymphocytes,  llI-IV disease demonstrated a significantly lower proportion of
CD20* B-lymphocytes, FoxP3* T-regulatory lymphocytes and ~ CD8* lymphocytes in the tumor microenvironment compared
CD163* macrophages, as well as the proportion of other PD-1-  to those with stage Il (3.49% [range: 3.07-1.19%] vs. 4.82%
positive cells (without immunophenotype determination) in the  [range: 3.76-9.88%], p = 0.0286). Furthermore, the relationship
tumor microenvironment of patients with non-small-cell and  between tumor microenvironment characteristics and long-

small-cell lung cancer (Fig. 2). term treatment outcomes was evaluated using Cox regression
When assessing the cell fraction among all cells in the  analysis (Table 2).
immune infiltrate of NSCLC, PD-1-positive CD8* cytotoxic An increased proportion of CD20* lymphocytes in the

lymphocytes and other PD-1-positive immune cells were  tumor microenvironment has been identified as a significant
predominant among lymphocytes, accounting for 0.24% (range:  independent factor associated with poor progression-free
0.08-0.46%) and 0.39% (range: 0.00-1.05%), respectively.  survivalin lung cancer patients (HR = 0.17 [0.02-0.65], p = 0.0454),
No significant differences in the quantity of PD-1-expressing  compared to factors such as stage, histological type, smoking
immune cells were observed in the SCLC microenvironment.  status, presence of regional lymph node metastases, and
The proportions of PD-1-expressing cells among all studied  distant metastases (stage M1). Furthermore, an analysis of the
immunophenotypes were also determined for both NSCLC  prognostic value of PD-1-expressing immune cell populations
and SCLC (Table 1). in relation to clinicopathological parameters revealed that

When comparing the proportions of PD-1-expressing  independent predictors of shorter progression-free survival
cells between patients with NSCLC and SCLC, no significant  in lung cancer include the presence of distant metastases
differences were observed (Fig. 3). (stage M1), a high proportion of PD-1-expressing CD163"

The analysis of immune microenvironment parameters  macrophages, and a low proportion of PD-1-expressing
in conjunction with clinical and pathological factors in lung  FoxP3* lymphocytes (Table 3).
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Fig. 2. The proportion of PD-1-positive CD8* cytotoxic lymphocytes, CD20* B-lymphocytes, FoxP3* T-regulatory lymphocytes and CD163* macrophages, and other
PD-1-positive cells (without immunophenotype determination) in the tumor microenvironment of NSCLC and SCLC patients
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Table 1. Proportion of PD-1-Expressing Cells Among All Cells of the Studied Immunophenotype in Patients with Lung Cancer, Median (Q,-Q,)

Parameter NSCLC SCLC
b, =0.0005 P, =0.0527
5.20 1-2 0.00 -2
1. CD8*PD1* - p.. = 0.0006 ' p.. =0.0547
(1.15-35.33) £ 00010 (0.00-12.02) o 00081
o 0.00 P, , = 0.9465 0.00 p,., = 0.9864
2. Ch20'PD1 (0.00-0.00) P, = 0.8265 (0.00-0.00) P, =0.8784
o 0.00 B 0.00 B
3. CD163PD1 0.0041.05) P, =0.8791 0.005087) p, . = 0.8650
o 0.00 0.00
4. FoxP3'PD1 (0.00-1.07) (0.00-0.00)

DISCUSSION

The clinical significance of PD-1 expression, particularly in the
context of immunotherapy, remains poorly understood. Limited
and controversial data on the prognostic value of determining
PD-1 expression are available in the literature. The study by
Dan A. et al. demonstrated that patients with early-stage non-
small cell lung cancer (NSCLC) who exhibited PD-1 expression
of =10% on tumor-infiltrating lymphocytes experienced
unfavorable 10-year overall survival rates. [6]. Conversely, the
study by Sun C. et al. revealed that positive PD-1 expression,
coupled with high lymphocyte counts (CD3, CD4, CD8, and
FOXP3), was associated with significantly improved survival
rates compared to negative PD-1 expression in conjunction
with lower lymphocyte counts. [7]. In our study, for the first
time, we assessed PD-1 expression while considering the
immunophenotype of cells. We focused on the four most
relevant populations for which there is evidence suggesting
an association with a response to immunotherapy, since the
patients included in our study are potential candidates for anti-
PD-1 antibody therapy in future treatment lines.

When discussing the prognostic significance of PD-1
expression in the context of immunotherapy, it is important
to mention the findings of the study by Mazzaschi G. et al.,
which demonstrated that, a low incidence of PD-1 expression
among CD8* lymphocytes was a distinguishing feature of
patients treated with nivolumab, and this was also associated
with clinical benefits and extended PFS (HR = 4,51; 95% Cl,
1,45-13,94) [8]. In our study, PD-1 expression was found
predominantly on CD8* lymphocytes, although the proportion
of PD-1* cells in the CD8* lymphocyte population was about
5% and was not associated with PFS. It is known that effector
functions are gradually lost during the progressive depletion
of T cells; in a recent study, an inverse correlation between T
cell function and the level of PD-1 expression was noted [9].
Thus, PD-1 expression on cytotoxic lymphocytes indicates a

state of depletion. It is important to note that our study reveals
that PD-1-expressing immune cells are extremely sparse
within both the non-small-cell and small-cell lung cancer
microenvironments. This indicates that the majority of immune
cells in the lung cancer environment are predominantly in an
active functional state. Our findings suggest that the cells
targeted by therapeutic anti-PD-1 antibodies are few within the
lung cancer microenvironment, and mainly consist of PD-1-
expressing cytotoxic lymphocytes. Blocking the checkpoint in
these few cells could potentially restore their depleted function.
At the same time, the low number of these cells may explain
the limited therapeutic effects observed with the use of anti-
PD-1 antibodies.

Currently, we are unable to evaluate the correlation between
specific characteristics of the tumor microenvironment's
cellular composition and treatment outcomes in these
patients, as their therapy is still ongoing. Nevertheless, this
study enabled us to assess the relationship between various
tumor microenvironment parameters and PFS. Our results
underscore the crucial importance of immune cell composition
within the tumor microenvironment in determining PFS in lung
cancer patients. Notably, an increased presence of CD20*
lymphocytes has been identified as a significant independent
predictor of poorer PFS, exhibiting a hazard ratio (HR) of 0.17
(95% CI: 0.02-0.65, p = 0.0454). This association appears
more substantial than conventional prognostic factors,
including tumor stage, histological subtype, smoking status,
and the presence of regional or distant metastases (stage M1).
The results suggest that B-cell infiltration may play a previously
underestimated role in lung cancer progression, possibly due
to its implications in immune suppression or modulation within
the TME. Further studies are required to explore the functional
impact of CD20* lymphocytes in lung cancer, aiming to elucidate
their role in tumor biology and resistance to treatment effectively.

Moreover, our analysis concerning PD-1-expressing
immune cell populations has unveiled new insights about the
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Fig. 3. Comparison of the proportion of PD-1-expressing cells between NSCLC and SCLC patients
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Table 2. Univariate and multivariate regression analysis of the significance of clinicopathological parameters and immune cell populations in the duration of progression-

free survival in patients with lung cancer

Single-factor analysis Multifactor analysis
Parameter

HR 95% CI Pvalue HR 95% CI Pvalue
Smoking status 1.23 0.37-4.75 0.7366 0.4716 0.07-3.12 0.4167
Histological type 0.83 0.24-2.93 0.7659 1.236 0.15-9.33 0.8365
Stage 1.4 0.69-3.16 0.367 0.6977 0.11-4.17 0.6798
Lymph node metastasis 1.29 0.71-2.44 0.4074 1.54 0.69-4.14 0.3158
Distant metastasis (stage M1) 0.79 0.23-3.11 0.7177 0.07 0.001-1.13 0.1158
CD8 1.01 0.86-1.17 0.8213 1.58 0.91-4.00 0.237
CD20 0.42 0.09-0.88 0.1532 0.17 0.02-0.65 0.0454
CD163 1 0.84-1.16 0.9954 1 0.78-1.29 0.9392
FoxP3 0.89 0.69-1.11 0.3567 0.6 0.20-1.25 0.2925

Table 3. Univariate and multivariate regression analysis of the Influence of Clinicopathological Parameters and PD1-Expressing Immune Cell Populations on the Duration

of Progression-Free Survival in Patients with Lung Cancer

Single-factor analysis Multifactor analysis
Parameter

HR 95% ClI Pvalue HR 95% CI Pvalue
Smoking status 1.23 0.37-4.75 0.7366 3.85 0.33-125.70 0.3402
Histological type 0.83 0.24-2.93 0.7659 4 0.06-186.10 0.481
Stage 1.4 0.69-3.16 0.367 2.32 0.30-71.80 0.549
Lymph node metastasis 1.29 0.71-2.44 0.4074 0.8 0.17-2.81 0.7545
Distant metastasis (stage M1) 0.79 0.23-3.11 0.7177 0.004 0.0003-0.26 0.0349
%CD8*PD1* 1.011 0.97-1.04 0.5361 1.019 0.93-1.11 0.6532
%CD20PD1* 0.001 - >0.9999 0.001 - >0.9999
%CD163*PD1* 1.39 0.95-1.97 0.0619 4.78 1.35-33.64 0.041
%FoxP3*PD1* 1.06 0.85-1.22 0.4517 0.44 0.16-0.89 0.0484

links between immune checkpoint expression and clinical
outcomes. The presence of distant metastases (stage M1), a
high proportion of PD-1-positive CD163* macrophages, and a
low proportion of PD-1-positive FoxP3* lymphocytes have been
identified as predictors of shorter PFS. These observations
underscore the complexity of immune regulation within the TME,
where a delicate balance between immunosuppressive and
immunostimulatory cell populations critically influences disease
progression. The association of PD-1*CD163* macrophages
with poor outcomes has predominantly been observed in
animal models [10]. Conversely, the anti-tumor effect observed
in PD-1*FoxP3* lymphocytes suggest a potential regulatory
function, although Tregs are generally associated with poor
outcomes in the existing literature [11].

These findings carry substantial implications for the
development of predictive biomarkers and the formulation of
immunotherapeutic strategies in lung cancer. The identification
of PD-1-expressing immune subsets as prognostic markers
underlines the necessity for an enhanced understanding of
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