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Abstract. Clear cell renal cell carcinoma (ccRCC) is a neoplastic 
disease associated with poor prognosis. Localized disease is 
successfully treated with nephrectomy; however, advanced 
disease often requires the combined use of immunotherapy 
and targeted therapy. To the best of our knowledge, there is 
no validated method to predict immunotherapy response and 
there is a lack of knowledge regarding the expression kinetics 
of exhaustion receptors in the early stages of ccRCC. In the 
present study, immunohistochemistry and flow cytometry were 
performed to evaluate the expression levels of five biomarkers 
associated with immune dysfunction [programmed cell death 
protein‑1 (PD‑1), lymphocyte activation gene 3 (LAG‑3), T‑cell 
immunoglobulin and mucin domain containing‑3 (TIM‑3), 
cytotoxic T lymphocyte‑associated protein‑4 (CTLA‑4) and 
programmed death ligand‑1 (PD‑L1)] in 20 patients diagnosed 
with localized ccRCC. Immunohistochemistry demonstrated 
that ccRCC tissue was highly positive for CD3, with low 
expression of PD‑L1 and CTLA‑4. Based on flow cytometry, 
the infiltrating leukocytes were mostly CD8+ lymphocytes and 
monocytes. In tumors, decreased expression levels of LAG‑3, 
TIM‑3, CTLA‑4 and PD‑L1 were reported; however, expres‑
sion levels of PD‑1 remained unchanged. Sample stratification 
according to the nuclear grade demonstrated no changes in 

the evaluated markers. Finally, the 12‑month follow‑up of 
blood biomarkers revealed no change in the receptors, except 
for CTLA‑4. The results of the present study suggested that 
immune exhaustion, defined as increased expression of exhaus‑
tion receptors in lymphocytes, was not present in tissues from 
patients with ccRCC with localized disease. 

Introduction

Renal cell carcinoma (RCC) is an aggressive neoplastic 
disease of the renal parenchyma that accounts for 2‑3% of all 
diagnosed cancer types (1,2). Among these subtypes, clear‑cell 
RCC (ccRCC) is the most frequent and is characterized by 
intrinsic chemoresistance (3,4). Overall, ccRCC is diagnosed 
late in up to 50% of patients, with a median survival of 
6‑10 months (5,6).

In cancer, lymphocytes develop a hypofunctional state 
known as immune exhaustion, in which cells exhibit increased 
expression of immune checkpoints or exhaustion receptors. 
Immunotherapy reverses this state of exhaustion by blocking 
the interaction between checkpoints and their ligands, leading 
to the activation of antitumor immunity (7,8). The approved 
therapies for advanced RCC include tyrosine kinase inhibitors 
(targeted therapy) and immune checkpoint inhibitors (ICIs). 
Currently, there are five ICIs approved for the treatment of 
advanced RCC: i) Nivolumab and pembrolizumab, which 
target programmed cell death protein‑1 (PD‑1) expressed 
on lymphocytes; ii) ipilimumab, which targets cytotoxic 
T lymphocyte‑associated protein‑4 (CTLA‑4) also expressed 
on lymphocytes; and iii) atezolizumab or avelumab, which 
target the programmed death ligand‑1 (PD‑L1) on cancer and 
stromal cells (9‑12). In cancer, the upregulation of ligands 
such as PD‑L1 on stroma and tumor cells have immunosup‑
pressive effects on lymphocytes via ligation of the inhibitory 
receptors CTLA‑4 and PD‑1. The use of ICIs block these 
inhibitory signals, which restores the cytotoxic function of 
infiltrating lymphocytes (7). However, the lack of consensus 
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on predictive tools for guiding the use of ICIs prevents their 
widespread applicability, which is a notable issue considering 
the cost‑effectiveness and side effects associated with these 
therapies (13,14).

Since localized disease can be successfully treated with 
surgery, there is a lack of studies analyzing the expression of 
markers such as PD‑1, CTLA‑4 and PD‑L1 during the early 
stages of the disease. To address this knowledge gap, the 
present study aimed to evaluate the expression levels of ICI 
targets [PD‑1, PD‑L1, CTLA‑4, lymphocyte activation gene 
3 (LAG‑3) and T‑cell immunoglobulin and mucin domain 
containing‑3 (TIM‑3)] in blood and tumors obtained from a 
small cohort of patients diagnosed with localized ccRCC. The 
expression levels of these markers across three tissues were 
compared: Blood and tumor tissue from patients with ccRCC, 
and blood from a group of healthy controls. Furthermore, the 
expression levels of the markers associated with the nuclear 
grade in tumors and changes in blood after a short‑term 
follow‑up of 12 months were evaluated.

Materials and methods

Patient recruitment. The present study included 20 patients 
diagnosed with ccRCC who underwent elective localized 
nephrectomy (median age, 62 years; range, 44‑71 years) and 
10 control subjects (median age, 62 years; range, 55‑72 years) 
who were considered healthy based on medical history and did 
not have any prior diagnosis of cancer, chronic inflammatory 
diseases, autoimmune disorders or current infections. Patients 
and controls were recruited from the Service of Urology at 
the University Hospital ‘Dr José Eleuterio González’ (Nuevo 
León, Mexico) between January 2022 and January 2024 
(Table  I). Patients were excluded if they were diagnosed 
with metastatic disease or RCC variants other than ccRCC. 
The present study was approved by the Institutional Ethics 
Committee (approval no. IN23‑00002) and all participants 
provided written informed consent before enrollment. 
Peripheral venous blood samples (4 ml) were obtained on 
the day before the scheduled nephrectomy (n=20) and after 
12 months of clinical follow‑up from a subgroup of patients 
who consented to subsequent blood analysis (n=10). The clin‑
ical follow‑up consisted of a complete clinical evaluation by a 
urologist, including radiologic studies to evaluate RCC relapse. 
Healthy controls were sampled only at the beginning of the 
study (n=10). Furthermore, after completing histopathological 
analysis, 2 g of tumor tissue was sampled from the macro‑
scopically defined tumor area in each nephrectomized kidney. 
The histopathological analysis consisted of RCC subtype 
diagnosis, pathological tumor staging (pTNM) according to 
the American Joint Committee on Cancer guidelines (15), 
evaluation of tumor grade according to the International 
Society of Urological Pathology (ISUP) grading system (16), 
presence of tumor necrosis and identification of sarcomatoid 
or rhabdoid differentiation.

Immunohistochemistry. All studied samples underwent a 
comprehensive assessment for multifocality, necrosis and 
sarcomatoid features. Representative sections of formalin‑fixed 
paraffin‑embedded tissues were used for further analyses. 
Briefly, the tissues were fixed with 10% neutral‑buffered 

formalin for 24 h at room temperature. After fixation, tissues 
were embedded in paraffin and sliced to obtain 4‑µm‑thick 
sections. Subsequently, the tissues were rehydrated through 
a series of alcohol solutions, from absolute to 70% ethanol, 
finishing with distilled water. Since standard formalin‑fixed, 
paraffin‑embedded sections do not require permeabilization, 
this step was not performed. Immunostaining was performed 
using the OptiView DAB IHC Detection Kit (cat. no. 760‑700; 
Roche Tissue Diagnostics; Roche Diagnostics, Ltd.) and the 
BenchMark ULTRA stainer module (cat. no. 05342716001; 
Roche Tissue Diagnostics; Roche Diagnostics, Ltd.). The 
OptiView detection kit includes reagents for peroxidase 
inhibition, biotin‑free hapten‑coupled secondary antibody 
and horseradish peroxidase multimer coupled tertiary anti‑
bodies. Chromogenic reaction was performed with the 
3,3'‑diaminobenzidine tetrahydrochloride (DAB) chromogen. 
Antigen retrieval was performed using Discovery CC1 solu‑
tion (cat. no. 950‑500; Roche Diagnostics, Ltd.) for 64 min at 
100˚C. The primary antibodies used were mouse monoclonal 
anti‑CTLA‑4 (cat.  no. BSB 2880; clone BSB‑88; Bio SB, 
Inc.), rabbit monoclonal anti‑PD‑L1 (cat. no. 790‑4905; clone 
SP263; Roche Tissue Diagnostics; Roche Diagnostics, Ltd.) 
and rabbit monoclonal anti‑CD3 (cat. no. 790‑4341; clone 
2GV6; Roche Tissue Diagnostics; Roche Diagnostics, Ltd.) at 
a dilution of 1:50 for 32 min at 37˚C. The secondary reaction 
was performed using the OptiView DAB Detection Kit for 
an additional 12 min at 37˚C. All staining procedures were 
performed according to the manufacturer's protocol to ensure 
consistency and reliability. Clinical analyses of all samples 
were performed by three clinical pathologists using a brightfield 
optical microscope (Olympus CX31; Olympus Corporation).

The DP200 slide scanner (cat. no. 08303916001; Roche 
Tissue Diagnostics; Roche Diagnostics, Ltd.) was used for 
whole‑slide scanning. Subsequently, a set of 8‑10 randomly 
selected images (magnification, x40) were further analyzed 
using the QuPath software for Windows (version 0.5.1) (17). 
Digital analyses were performed by a trained non‑pathologist 
(Fig. S1). The percentage of positive cells was calculated using 
the following formula: Percentage of positive cells=[number 
of positive cells/(number of positive cells + number of negative 
cells)] x100.

Flow cytometry. Cytometric analyses of blood samples were 
performed on the day of nephrectomy (n=7‑12) and after 
a 12‑month clinical follow‑up (n=10). Some of the blood 
samples were lost during the procedure due to a technical 
error, and only samples deemed acceptable after quality 
control were included, defined as properly anticoagulated 
blood and a viability >50% based on trypan blue exclusion 
(n=7‑12). For tissue analysis (n=18), the tumor was mechani‑
cally and enzymatically digested in DMEM supplemented 
with 5% FBS (cat.  no.  F2442; Sigma‑Aldrich; Merck 
KGaA). The enzyme cocktail contained collagenase (cat. 
no. C9891; MilliporeSigma), hyaluronidase (cat. no. H3506; 
MilliporeSigma), DNase (cat.  no.  10104159001; Roche 
Diagnostics, Ltd.) and trypsin (cat. no. 15090‑046; Gibco; 
Thermo Fisher Scientific, Inc.) with EGTA (cat. no. E3889; 
MilliporeSigma). Furthermore, the tissues were incubated 
with the protease dispase (cat. no. 17105041; Gibco; Thermo 
Fisher Scientific, Inc.) and BD FACS™ Lysing Solution (cat. 
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no. 349202; BD Biosciences) for 10 min at room temperature. 
After eliminating the aggregates with a 70 µm cell strainer 
(cat. no. 352350; Falcon; Corning Life Sciences), 1x106 cells 
were stained. Complete blood samples (50 µl) were stained, 
followed by erythrocyte lysis for 20 min. The antibody cock‑
tail for lymphocytes (CD3+, CD4+ and CD8+ lymphocytes) 
contained FITC mouse anti‑human CD8 (20 µl/sample; cat. 
no. 555366; clone RPA‑T8), PE mouse anti‑human CD279 
(PD‑1; 20 µl/sample; cat. no 557946; clone MIH4), BV605 
mouse anti‑human CD4 (5 µl/sample; cat. no. 562658; clone 
RPA‑T4), APC‑Cy™7 mouse anti‑human CD3 (5 µl/sample; 
cat. no.  557832; clone SK7), Alexa Fluor® 647 mouse 
anti‑human CD366 (TIM‑3; 5  µl/sample; cat.  no.  565558; 
clone 7D3), PE‑CF594 mouse anti‑human CD223 (LAG‑3; 
5 µl/sample; cat. no. 565718; clone T47‑530) and BV421 mouse 
anti‑human CD152 (CTLA‑4; 5 µl/sample; cat. no. 562743; 
clone BNI3). The antibody cocktail for myeloid cells (granu‑
locytes and monocytes) contained Alexa Fluor® 488 mouse 
anti‑human CD14 (5 µl/sample; cat. no. 557700; clone M5E2), 
BV421 mouse anti‑human CD274 (PD‑L1; 5  µl/sample; 
cat. no. 563738; clone MIH1), PE mouse anti‑human CD45 
(5 µl/sample; cat. no. 561866; clone HI30) and 7‑AAD viability 
solution (5 µl/sample; cat. no. 559925). All antibodies were 
acquired from BD Biosciences.

For each sample, 1x105 events were acquired using 
an LSRFortessa flow cytometer (Becton, Dickinson and 
Company) and analyzed with DIVA version 8.0 for Windows 
(BD Biosciences). The percentages of CD4+ and CD8+ cells 
were quantified relative to CD3+ cells. Similarly, the percent‑
ages of lymphocytes (CD14‑SSClo), monocytes (CD14+SSClo) 
and granulocytes (CD14‑SSChi) were quantified relative to 
CD45+ cells (Fig. S2). PD‑1, LAG‑3, TIM‑3, CTLA‑4 and 
PD‑L1 fluorescence was analyzed as the mean fluorescence 
intensity (Fig. S3).

Statistical analysis. After confirming the parametric distri‑
bution of the data, an unpaired Student's t‑test or one‑way 
ANOVA followed by Bonferroni's multiple comparisons test 
was used for two‑ and three‑group comparisons, respectively. 
Fisher's exact test was used to compare the sex proportions 
between patients and healthy controls and between tumor grade 
categories (Grade 2 vs. Grade >2). Statistical analyses were 
performed using GraphPad Prism (version 5.0; Dotmatics) 
for Windows and Microsoft Excel. P<0.05 was considered to 
indicate a statistically significant difference.

Results

Clinical description of the participants. Both groups of 
participants had similar ages and comorbidities, such as 
high blood pressure, type 2 diabetes and obesity. The mean 
age ± SD of the participants was 59.4±8 years in the patient 
group and 60.8±6 years in the healthy control group. A total of 
10 patients were classified as T3 on the pTNM staging system 
and 14 patients had an ISUP nuclear grade ≥3. The average 
tumor size was 8.2±3.9 cm (Table I).

Immunohistochemistry reveals increased infiltration of the 
tumor tissue by CD3+ lymphocytes. Serial sections from RCC 
tissue were stained for CD3, CTLA‑4 and PD‑L1 for immu‑
nohistochemical analysis. Positivity was evaluated by both 
clinical pathologists and digital analysis of micrographs using 
QuPath software (see Materials and methods; Fig. S1). Of all 
the tumor samples, >80% were positive for CD3 (Fig. 1A). By 
contrast, CTLA‑4 (Fig. 1B) and PD‑L1 (Fig. 1C) were positive 
in only 50 and 25% of the samples, respectively. These find‑
ings demonstrate that ccRCC tissue is highly infiltrated with 
lymphocytes and has low expression of the exhaustion markers 
CTLA‑4 and PD‑L1.

CD8+ lymphocytes and monocytes dominates the tissue 
cellularity among infiltrating leukocytes. In addition to immu‑
nohistochemistry, flow cytometric analysis of tumor tissue 
and peripheral blood was performed to evaluate the changes 
in leukocyte dynamics (Figs. 2 and S2). The tumor tissue 
exhibited decreased infiltration of granulocytes and increased 
infiltration of monocytes and lymphocytes compared with 
the leukocyte percentages in the blood (Figs. 2A and S2A, 
C and E). Among the lymphocyte subpopulations, CD8+ 
lymphocytes were the dominant subpopulation in the tumor 
tissue; notably, the percentage CD4+ lymphocytes was 
markedly lower (Figs. 2B and S2B, D and F). There was a 
trend for increased percentages of granulocytes and CD4+ 
and CD8+ lymphocytes in blood from patients compared with 
blood from healthy controls; however, the differences were not 
statistically significant.

Tumor‑infiltrating leukocytes demonstrate decreased 
expression levels of the markers LAG‑3, TIM‑3, CTLA‑4 
and PD‑L1. After assessing leukocyte dynamics, the expres‑
sion levels of several receptors associated with lymphocyte 
exhaustion were evaluated, a principal mechanism involved 
in antitumor immunity. Using flow cytometry, the expression 
levels of PD‑1, LAG‑3, TIM‑3 and CTLA‑4 in lymphocytes, 
and PD‑L1 receptors in granulocytes and monocytes were 

Table I. Clinical characteristics of the participants.

	 Control	 Patients
Variable	 (n=10)	 (n=20)	 P‑value

Sex, n (%)			   0.139a

  Male	 4 (40)	 14 (70)	
  Female	 6 (60)	 6 (30)	
Age, years ± SD	 60.8±6.0	 59.4±8.0	 0.610b

Tumor size, cm ± SD	 ‑	 8.2±3.9	 ‑
Necrosis <50%, n (%)	 ‑	 18 (90)	 ‑
Nuclear grade, n (%)			 
  G2	 ‑	 6 (30)	 ‑
  G3	 ‑	 9 (45)	 ‑
  G4	 ‑	 5 (25)	 ‑
T stage, n (%)			 
  T1	 ‑	 6 (30)	 ‑
  T2	 ‑	 2 (10)	 ‑
  T3	 ‑	 10 (50)	 ‑
  T4	 ‑	 2 (10)	 ‑

aFisher's exact test. bUnpaired Student's t‑test.

https://www.spandidos-publications.com/10.3892/ol.2025.15245


GONZÁLEZ-GARZA et al:  EXHAUSTED LYMPHOCYTES IN RENAL CELL CARCINOMA4

evaluated (Figs. 3  and S3). There was no change in PD‑1 
expression (Figs.  3A‑C  and  S3A) but decreased expres‑
sion levels of LAG‑3 (Figs.  3D‑F  and  S3B), TIM‑3 
(Figs.  3H‑I  and  S3C) and CTLA‑4 (Figs.  3J‑L  and  S3D) 
among tumor‑infiltrating lymphocytes were observed 
compared with blood samples. In addition, decreased PD‑L1 
expression levels were reported in granulocytes (Fig. 3M) 
and monocytes (Figs. 3N and S3E) that infiltrated the tumor 
tissue compared with the blood. Only two markers indicated 
expression differences between the patient and healthy control 
blood samples. The patients had increased TIM‑3 levels 
(Fig. 3G) and decreased PD‑L1 levels (Fig. 3N) in lympho‑
cytes and monocytes, respectively. Collectively, the present 
study results demonstrate decreased expression of several 

exhaustion‑associated markers within tumor‑infiltrating 
lymphocytes, with the notable exception of PD‑1.

Patient stratification according to nuclear grade indicates 
no differences in the expression of exhaustion markers. 
To assess the clinical significance of quantifying the 
exhaustion‑associated markers, the differential expression of 
these markers was evaluated according to the tumor nuclear 
grade (Table II). No overall differences in marker expression 
associated with nuclear grade were reported, except for CD3 
positivity based on immunohistochemistry. Furthermore, 
the temporal changes in blood expression levels of the 
tested markers were compared 12 months after therapeutic 
nephrectomy (Table III). The only change observed was an 
increase in CTLA‑4 expression levels in blood lymphocytes 
at 12 months compared with basal levels. Collectively, ccRCC 
tissue exhibited increased proportions of infiltrated CD3+ 
lymphocytes and monocytes compared with the proportions 
in the blood (Figs. 1 and 2). Infiltrated leukocytes showed 
decreased expression levels of the exhaustion markers 
LAG‑3, TIM‑3, CTLA‑4 and PD‑L1, but not PD‑1 (Fig. 3). 
Furthermore, the variables did not change after stratifying 
the patients according to nuclear grade and between baseline 
and clinical follow‑up (Tables II and III).

Discussion

RCC primarily affects patients aged 60 to 70 years old (2). 
Among its variants, up to 80% of the diagnoses are associ‑
ated with ccRCC, a severe disease characterized by intrinsic 
aggressiveness, chemoresistance and poor prognosis (3,6). In 
the early stages, ccRCC may be cured through nephrectomy; 
however, advanced disease often requires systemic and 
combined therapies such as immunotherapy and systemic 
targeted therapy  (5). These treatments present challenges, 
particularly due to the lack of validated tools for selecting 
patients based on their likelihood of clinical response and 
the risk of adverse events  (13,14). The role of infiltrating 
leukocytes in prognosis and response to treatment is not 
completely understood and depends on characteristics such as 
the cell phenotype, tumor infiltration and the cell exhaustion 
status (7). For example, the increased infiltration of CD8+ and 
CD68+ cells and decreased infiltration of CD4+ cells predict a 
positive response to ICI treatment (18). However, in general, 
tumor‑infiltrating lymphocytes are commonly associated with 
poor prognosis (19). Particularly in RCC, highly infiltrated 
tumors (also called hot tumors) are associated with poor 
prognosis  (20). Among exhaustion markers, the increased 
expression of PD‑L1 is found in ~6% of patients with RCC and 
is commonly associated with poor outcomes (21). The rela‑
tionship between systemic inflammation and RCC prognosis 
has also been investigated, revealing a negative association 
between these variables (22). For these reasons, the expres‑
sion levels of exhaustion receptors should be interpreted with 
caution because, while increased levels of PD‑L1 are commonly 
associated with poor overall prognosis, the increased avail‑
ability of these ligands could be predictive of the success of 
ICI treatments (23). There is a lack of information regarding 
the temporal expression of molecular immunotherapy targets 
among tumors and tumor stages, including kidney tumors. 

Figure 1. ccRCC tumors are highly positive for CD3 but mostly negative 
for CTLA and PD‑L1. The tumor tissue from 20 patients was analyzed for 
(A) CD3, (B) CTLA‑4 and (C) PD‑L1 expression using immunohistochem‑
istry. The percentage of positive tissue was quantified using two approaches: 
Clinical analysis by a group of pathologists and digital analysis from scanned 
slides using QuPath software. ccRCC, clear cell renal cell carcinoma; PD‑L1, 
programmed death‑ligand 1; PD‑1, programmed cell death protein‑1; LAG‑3, 
lymphocyte activation gene‑3; TIM‑3, T‑cell immunoglobulin and mucin 
domain‑containing protein‑3; CTLA‑4, cytotoxic T lymphocyte‑associated 
protein‑4.
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To address this issue, the present study aimed to characterize 
the expression of five common immunotherapy targets, PD‑1, 

PD‑L1, LAG‑3, TIM‑3 and CTLA‑4, in tissue and blood 
samples obtained from a cohort of 20 patients with localized 

Figure 2. In tumor tissue, cellularity is dominated by CD8+ lymphocytes and monocytes. The percentage of leukocytes (A) and lymphocytes (B) were evaluated 
in the blood and tumors using flow cytometry. For blood, there were no differences between healthy controls (control) and patients (blood). In tumors, there 
was an increased percentage of monocytes and CD8+ lymphocytes, a decreased percentage of granulocytes and almost no CD4+ lymphocytes, compared with 
blood samples. Mean ± SD n=10 (control); n=14‑21 (blood and tumor). One‑way ANOVA with Bonferroni's post hoc test. *P<0.05; **P<0.01; ***P<0.001. ccRCC, 
clear cell renal cell carcinoma; Gran, granulocytes; Mono, monocytes; Lymph, lymphocytes.

Table II. Analysis of leukocyte markers according to tumor grade G2‑G4.

Variable	 G2 (n=6)	 G3 (n=9)	 G4 (n=5)	 P‑valuea 

Sex, n (%)				    0.354
  Male	 5 (83)	 5 (55)	 3 (60)	
  Female	 1 (17)	 4 (45)	 2 (40)	
Age, years ± SD	 61.5±8.6	 59.7±8.9	 60.2±7.7	 0.919
Tumor size, cm ± SD	 7.2±3.2	 7.8±5.1	 8.6±2.4	 0.851
Necrosis, % ± SD	 16.7±17.2	 15.5±19.8	 22.5±14.7	 0.744
Positive tissue on immunohistochemistry, % ± SD				  
  CD3 	 13.4±7.6	 19.8±14.6	 39.6±22.0	 0.030
  CD3 (clinical)	 14.3±22.6	 25.6±30.7	 54.0±24.1	 0.071
  CTLA‑4	 14.9±25.7	 13.1±14.7	 9.4±10.0	 0.876
  CTLA‑4 (clinical)	 17.0±26.3	 8.6±19.9	 4.2±8.8	 0.566
  PD‑L1	 16.6±31.0	 6.8±5.8	 0.6±0.5	 0.322
  PD‑L1 (clinical)	 0.5±0.5	 5.8±11.2	 4.8±8.5	 0.514
Flow cytometry of blood samples, MFI ± SD				  
  PD‑L1 granulocytes	 6,975±5,007	 6,165±2,272	 8,873±4,598	 0.669
  PD‑L1 monocytes	 5,486±3,618	 9,543±5,709	 9,414±2,200	 0.356
  PD‑1 CD3	 475±158	 925±577	 2,357±2,451	 0.134
  LAG‑3 CD3	 662±238	 1,000±530	 3,093±3,319	 0.122
  TIM‑3 CD3	 552±288	 775±336	 1,309±840	 0.130
  CTLA‑4 CD3	 692±226	 1,166±724	 4,285±5,624	 0.181
Flow cytometry of tumor samples, MFI ± SD				  
  PD‑L1 granulocytes	 6,797±6,332	 6,031±7,207	 2,207±1,010	 0.588
  PD‑L1 monocytes	 3,032±1,059	 7,944±3,871	 29451±48,419	 0.162
  PD‑1 CD3	 2,473±792	 2,248±1,399	 3,128±2,616	 0.729
  LAG‑3 CD3	 1,301±294	 1,488±930	 1,452±768	 0.927
  TIM‑3 CD3	 502±258	 731±501	 1,139±1,015	 0.395
  CTLA‑4 CD3	 444±227	 801±876	 1,052±816	 0.524

aAll variables were compared with one‑way ANOVA, except for sex, which was analyzed with the Fisher's exact test (G2 vs. G>2). PD‑L1, 
programmed death‑ligand 1; PD‑1, programmed cell death protein‑1; LAG‑3, lymphocyte activation gene‑3; TIM‑3, T‑cell immunoglobulin 
and mucin domain‑containing protein‑ 3; CTLA‑4, cytotoxic T lymphocyte‑associated protein‑4; MFI, mean fluorescence intensity.
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Figure 3. Compared with circulating leukocytes, tumor‑infiltrating leukocytes exhibit decreased expression of the exhaustion receptors LAG‑3, TIM‑3, 
CTLA‑4 and PD‑L1 based on flow cytometry. All receptors were evaluated in blood leukocytes from healthy controls (control), blood leukocytes from patients 
(blood) and tumor‑infiltrating leukocytes (tumor). PD‑1 was evaluated in (A) CD3+, (B) CD4+ and (C) CD8+ lymphocytes. LAG‑3 was evaluated in (D) CD3+, 
(E) CD4+ and (F) CD8+ lymphocytes. TIM‑3 was evaluated in (G) CD3+, (H) CD4+ and (I) CD8+ lymphocytes. CTLA‑4 was evaluated in (J) CD3+, (K) CD4+ 
and (L) CD8+ lymphocytes. PD‑L1 was evaluated in (M) granulocytes and (N) monocytes. The tumor‑infiltrating leukocytes exhibited decreased expres‑
sion levels of LAG‑3, TIM‑3, CTLA‑4 and PD‑L1 compared with blood leukocytes, but no changes were observed in PD‑1 expression. Data are expressed 
as MFI ± SD. Control group, n=10; blood group, n=7‑12; tumor group, n=18. Data were analyzed using one‑way ANOVA with Bonferroni's post hoc test 
(except panels B, E, H and K, which were analyzed using an unpaired Student's t‑test). *P<0.05; **P<0.01; ***P<0.001. PD‑L1, programmed death‑ligand 1; PD‑1, 
programmed cell death protein‑1; LAG‑3, lymphocyte activation gene‑3; TIM‑3, T‑cell immunoglobulin and mucin domain‑containing protein‑3; CTLA‑4, 
cytotoxic T lymphocyte‑associated protein‑4; MFI, mean fluorescence intensity.
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ccRCC, an early stage of the disease. According to the litera‑
ture, the 5‑year cancer‑specific survival rates for stage I, II, III 
and IV patients are 97.4, 89.9, 77.9 and 26.7%, respectively, and 
nephrectomy improves the condition‑specific survival, mostly 
in advanced tumors (stages III and IV) (24).

The immunohistochemistry results of the present study 
aligned with those of previous reports that characterize 
ccRCC as a highly immunogenic tumor  (25). The tumor 
tissue indicated increased expression levels of CD3, but 
moderate‑to‑absent expression of CTLA‑4 and PD‑L1. In the 
majority of cancer types, elevated CD3 expression is generally 
associated with a favorable prognosis and response to systemic 
immunotherapy (26‑29); however, previous studies suggest the 
opposite for ccRCC, where high infiltration of lymphocytes 
and increased expression of exhaustion markers have been 
associated with poor overall prognosis and unresponsiveness 
to immunotherapy  (25,30,31). The present study assessed 
the immunohistochemistry data using two approaches: 
Clinical analysis by pathologists and digital analysis using 
the QuPath software. From an objective point of view, digital 
analysis would overcome the possibility of subjective or biased 
analysis, although it is more complex and usually restricted to 
research settings.

Following immunohistochemistry, the present study 
adopted f low cytometry to evaluate the expression of 
biomarkers in the blood and tissue samples. The integration 
of immunohistochemistry and flow cytometry followed the 
rationale that combined methods would enable a broader and 
more accurate assessment of immune exhaustion compared 
with each method alone. Flow cytometry was selected as a 
complementary technique to immunohistochemistry due to 
its capacity for high‑dimensional, single‑cell analysis, which 
allows for the precise quantification of immune subsets and 
co‑expression of exhaustion markers. In the flow cytometry 
analysis, the present study evaluated the expression of a set of 
biomarkers commonly associated with lymphocyte exhaustion 
and targeted by therapeutic monoclonal antibodies in clinical 
oncology. The results demonstrated that the patients had a 
distinct pattern of infiltrating leukocytes, predominantly cyto‑
toxic lymphocytes and monocytes. Evaluation of the tumor 
tissue indicated the absence of CD4+ lymphocytes and a relative 
increase in CD3+CD4‑CD8‑ cells (data not shown). A decrease 
in the number of infiltrating CD4+ cells has been associated 
with poor prognosis in patients with sarcoma and cervical 
carcinoma (32,33). The relative increase in CD3+CD4‑CD8‑ 
cells and the abundance of lipids within the tumor core suggest 

Table III. Changes in leukocyte markers at 12 months follow‑up using flow cytometry.

Variable	 Basal (n=20)	 12 months (n=10)	 P‑valuea

Granulocytes, % ± SD	 34.2±32.9	 45.4±21.4	 0.320
Monocytes, % ± SD	 12.2±11.0	 7.4±2.3	 0.166
Lymphocytes, % ± SD	 48.3±25.7	 42.0±21.4	 0.497
CD4+, % ± SD	 56.3±18.1	 52.8±15.1	 0.604
CD8+, % ± SD	 24.6±13.8	 18.1±9.2	 0.197
PD‑L1, MFI ± SD			 
  Monocytes	 6,135±3,916	 6,807±4,716	 0.674
  Granulocytes	 15,867±27,880	 4,951±3,556	 0.232
PD‑1, MFI ± SD			 
  CD3+	 2,320±1,821	 3,160±1,967	 0.260
  CD4+	 1,973±1,534	 2,993±1,768	 0.118
  CD8+	 2,570±1,499	 3,041±1,779	 0.457
LAG‑3, MFI ± SD			 
  CD3+	 3,043±2,802	 1,771±1,208	 0.185
  CD4+	 2,840±2,321	 1,826±1,192	 0.209
  CD8+	 2,805±2,272	 1,464±968	 0.088
TIM‑3, MFI ± SD			 
  CD3+	 1,358±805	 1,263±817	 0.766
  CD4+	 1,301±772	 1,210±746	 0.762
  CD8+	 1,317±744	 1,193±786	 0.680
CTLA‑4, MFI ± SD			 
  CD3+	 3,672±4,437	 8,416±6,330	 0.026
  CD4+	 3,902±4,297	 8,539±6,102	 0.024
  CD8+	 3,012±4,058	 6,743±5,130	 0.041

aAll variables were analyzed with an unpaired Student's t‑test. PD‑L1, programmed death‑ligand 1; PD‑1, programmed cell death protein‑1; 
LAG‑3, lymphocyte activation gene‑3; TIM‑3, T‑cell immunoglobulin and mucin domain‑containing protein‑ 3; CTLA‑4, cytotoxic 
T lymphocyte‑associated protein‑4; MFI, mean fluorescence intensity.

https://www.spandidos-publications.com/10.3892/ol.2025.15245
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the presence of natural killer T lymphocytes because such cells 
have intrinsic capabilities to recognize lipidic antigens (34,35). 
Furthermore, ccRCC has been associated with the presence 
of circulating double‑positive lymphocytes (CD4+CD8+) and 
dysfunctional lymphocytes in ex vivo assays (36‑38). Other 
previous studies have also proposed the use of the neutro‑
phil‑to‑lymphocyte ratio (39) and C‑reactive protein serum 
levels (40,41) as potential cost‑effective biomarkers for the 
prediction of immunotherapy response in advanced ccRCC.

After assessing lymphocyte kinetics, the present study 
investigated the expression of exhaustion‑associated markers 
using flow cytometry. Among circulating leukocytes, patients 
had increased TIM‑3 expression levels in blood lymphocytes 
and decreased PD‑L1 expression levels in blood monocytes 
compared with that of the control group. In tumors, unchanged 
expression levels of PD‑1 and decreased expression levels of 
LAG‑3, TIM‑3, CTLA‑4 and PD‑L1 were reported compared 
with those in the blood samples. Similarly, PD‑L1 expression 
levels decreased among infiltrating monocytes and granulo‑
cytes. These results suggest that mild leukocyte dysfunction is 
present in the localized stage of ccRCC, but there is uncertainty 
about the implications of these findings in the later response 
to ICIs in advanced disease, mostly because the immune 
exhaustion phenomenon is highly dynamic. It is important to 
highlight that immune exhaustion is a complex mechanism 
involving multiple receptors and cell phenotypes  (42‑44). 
For example, exhausted CD8+ cells promote tumor progres‑
sion, but exhausted T regulatory (Treg) lymphocytes inhibit 
tumor progression (45). Treg lymphocytes mediate immuno‑
suppression in T cells and dendritic cells by producing the 
regulatory cytokines interleukin‑10 and transforming growth 
factor‑β (45). Therefore, detailed and comprehensive studies 
addressing multiple markers are warranted to predict immu‑
notherapy responses. Increased expression levels of TIM‑3 
in lymphocytes and decreased expression levels of PD‑L1 
in monocytes have been associated with worse outcomes in 
patients diagnosed with RCC (46,47). 

To assess the clinical significance of biomarker expression 
in patients with RCC, patients were stratified based on nuclear 
grade, due to the well‑established inverse association between 
nuclear grade and clinical outcomes (31,48). The present study 
results did not indicate changes in tissue leukocyte dynamics 
and biomarker expression compared with nuclear grade, 
except for an increased percentage of CD3 positivity in grade 
4 tumors (Table II). In the same context, when evaluating the 
changes in blood biomarker expression after 12 months of 
clinical follow‑up, the present study demonstrated that most 
markers were stable over time, with the notable exception of 
CTLA‑4 (Table III). These results suggest that the expression of 
exhaustion biomarkers in localized disease was not associated 
with the nuclear grade staging and did not demonstrate 
variation in the short‑term follow‑up of 12‑months.

The overall results of the present study suggest that localized 
ccRCC shows decreased expression levels of the exhaustion 
receptors LAG‑3, TIM‑3, CTLA‑4 and PD‑L1, implying a 
lack of biological support for an immune exhaustion state in 
this stage of the disease. In the future, it will be necessary 
to analyze an expanded set of markers (OX40, 4‑1BB, TOX 
and interleukin‑10) and cell phenotypes (T regulatory lympho‑
cytes, myeloid‑derived suppressor cells and tumor‑associated 

macrophages) in localized and metastatic disease to shed light 
on the progressive expression of such biomarkers in RCC.

The present study had several limitations, including the 
small number of participants, which followed the exclusion of 
samples with insufficient cell counts to ensure reliable results 
and the short‑term follow‑up of patients, which complicates the 
clinical significance of the findings. In addition, tissue samples 
were compared with blood samples because obtaining healthy 
renal tissue is challenging due to ethical and practical reasons. 
However, the findings remain notable due to the clinical nature 
of the present study, the combined use of immunohistochemistry 
and flow cytometry, simultaneous analysis of tumor and blood 
samples and homogeneous inclusion of patients with localized 
disease. In the future, a prospective study is warranted to assess 
an extended panel of biomarkers as prognostic and predictive 
tools to guide the use of immunotherapy in patients with RCC.

ccRCC is highly infiltrated by lymphocytes and patients 
demonstrate decreased expression levels of the exhaustion 
biomarkers LAG‑3, TIM‑3, CTLA‑4 and PD‑L1 within 
infiltrating tumor leukocytes compared with circulating leuko‑
cytes. These biomarkers remain stable in the short term and 
are not associated with nuclear grade staging, which suggest 
they have limited use as a prognostic tool in localized ccRCC.
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