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Abstract
Background. Avelumab is a  human antibody that targets the programmed cell death ligand-1 
(PD-L1) protein in cancer cells. Novel anticancer therapies for renal cell carcinoma (RCC) consider clus-
ter of differentiation 15 (CD15) and interleukin 17 receptor A (IL-17RA) as potential targets. Notably, the 
expression of PD-L1, CD15 and IL-17RA is dependent on signal transducer and activator of transcription 3 
(STAT3).

Objectives. The aim of the study was to investigate whether targeting PD-L1 with avelumab alters the 
expression levels of CD15 and IL-17RA, and to assess the STAT3-mediated regulation of CD15 and IL-17RA. 

Material and methods. We applied immunocytochemistry (ICC) and confocal laser scanning (CLS) 
microscopy to assess the expression and localization of the immunotherapy targets in 3 renal cancer cell 
lines and 1 healthy renal cell line.

Results. After treatment with 20 ng/mL avelumab, renal cancer cells showed a  reduction in STAT3 
expression. The expression of CD15 increased in cancer cells that exhibited a high level of IL-17RA, and the 
membrane signal of CD15 was reduced. In other renal cancer cell lines, the expression of CD15 decreased. 
Conversely, the level of IL-17RA changed only in healthy renal cells after treatment with avelumab, with no 
impact on renal cancer cells.

Conclusions. Our study suggests that the targeting of PD-L1 with avelumab alters the expression of CD15 
and IL-17RA, which play an important prognostic and therapeutic role in novel anticancer therapy.
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Introduction
Renal cell carcinoma (RCC) is a type of kidney cancer 

that originates in the lining of small tubes within the kid­
ney.1 There are several subtypes of RCC, including clear 
cell RCC, papillary RCC and chromophobe RCC. Clear 
cell RCC is the most common subtype, accounting for 
75% of all RCC cases.1,2 Renal cell carcinoma is among the 
most lethal urological cancers due to its delayed diagno­
sis and poor response to therapies. Surgery is the primary 
treatment for localized RCC, with partial or radical 
nephrectomy being performed depending on the size and 
location of the tumor.1 For advanced RCC, systemic ther­
apy with targeted agents such as sunitinib, pazopanib and 
axitinib is the standard of  care.1,2 Immunotherapy with 
nivolumab, ipilimumab and avelumab is also used in the 
treatment of advanced RCC.1,2 

Avelumab is a human monoclonal immunoglobulin G1 
(IgG1) antibody that targets the programmed cell death 
ligand-1 (PD-L1) protein, which is expressed in cancer 
cells. It has been approved as a monotherapy for the treat­
ment of patients with Merkel cell carcinoma and urothe­
lial carcinoma. Avelumab is used in combination with 
axitinib for the treatment of RCC.

By acting on PD-L1, avelumab interferes with various 
downstream signaling pathways, affecting the expression 
of various proteins. Among the potential membrane anti­
gens which are affected by anti-PD-L1 therapy, cluster 
of differentiation 15 (CD15) and interleukin 17 receptor A 
(IL-17RA) have been identified as novel targets for the 
anticancer therapy of various tumors and diseases.1,3 

The expression of  CD15 and CD15s is linked to lym­
phatic and venous invasion, lymph node metastasis, distant 
metastasis, tumor stage, tumor recurrence, and overall 
survival in cancer.4 These antigens have the potential to 
serve as biomarkers for the diagnosis and prognosis in 
various types of  cancer and may represent therapeutic 
targets.5 However, further research into the complex 
expression of CD15 and CD15s is needed to properly clas­
sify diagnostic parameters. The CD15 has demonstrated 
efficacy as a target for cancer therapy, affecting both can­
cer cells and immune myeloid-derived cells. This leads to 
an improved response to therapy as well as the inhibition 
of  cancer growth and progression in tumor micro­
environments.6 Experimental and clinical studies have dem­
onstrated that targeting CD15 and CD15s is a promising 
treatment approach.7 However, ongoing efforts should 
focus on refining the clinical application of  anti-CD15 
therapy and assessing its safety profile. 

Renal cell carcinoma is closely associated with immune 
mediators such as IL-17, which is an inflammatory cyto­
kine that responds to tissue damage and external patho­
gens. The antigen IL-17RA is an interleukin receptor that 
is expressed in various kidney cells, including podocytes, 
mesangial cells and renal proximal tubular endothelial 
cells.8–10 The relationship between IL-17 and tumors is 

complex and has become an area of interest for numerous 
studies. Interleukin-17 plays a dual role in cancer devel­
opment, as it can be both pro- and anti-tumorigenic.8 The 
interaction between IL-17 and IL-17RA has been shown 
to promote neoplasm metastasis and induce angio­
genesis.11 A study by Dębiński et al. demonstrated the sig­
nificance of  lymphangiogenesis, especially intratumoral 
lymphatics, in aggressive cases of  RCC.12 Additionally, 
IL-17 signaling is thought to similarly affect the tumor 
microenvironment.13 

Escors et al. have previously described the effects of the 
PD-L1 intracellular signalosome in cancer cells.14 The 
cancer cells alter the protein expression via signal trans­
ducer and activator of transcription 3 (STAT3) phosphor­
ylation.14 The effects of IL-17A in kidney epithelial cells 
are exerted via the ERK1/2 and STAT3 pathways.10,15 
The expression of CD15 has been observed to inversely 
correlate with STAT3 levels.16 When the level of  CD15 
increases, the level of  STAT3 decreases. Therefore, the 
expression levels of both CD15 and IL-17RA depend on 
the expression of STAT3 and its phosphorylation level. 

Avelumab, a  PD-L1-targeting antibody, has shown 
efficacy in the treatment of various cancers. However, its 
impact on critical antigens such as CD15 and IL-17RA 
remains unexplored. The CD15, increasingly recognized in 
RCC prognosis, has an influence on invasion, metastasis 
and overall survival. Its potential as a diagnostic and ther­
apeutic marker emphasises the need for comprehensive 
investigation. Concurrently, IL-17RA, which is expressed 
in renal cells, plays a dual role in cancer, influencing both 
metastasis and angiogenesis. The relationship between 
PD-L1, CD15, IL-17RA, and their downstream signaling 
pathways remains understudied. This research aims to 
address this gap in knowledge by investigating the effects 
of  avelumab on the expression of  CD15 and IL-17RA. 
A comprehensive understanding of the manner in which 
avelumab modulates these antigens is pivotal for advanc­
ing personalized therapies, unraveling novel biomarkers 
and enhancing our understanding of  cancer antigen 
modulation by anticancer drugs. This short study focuses 
on the changes in CD15 and IL-17RA expression after 
treatment of  the cells with avelumab, addressing a  cru­
cial knowledge gap and shedding light on the emerging 
role of cancer antigen modulation by anticancer drugs.17 
Moreover, it establishes a  foundation for more refined 
therapeutic strategies and improved patient outcomes.

Material and methods

Primary cell culture 

Renal cancer cells (RC1, RC2, RC3) and healthy renal 
cells (HR) were derived from the renal cancer resections 
obtained from patients at the Department of Minimally 
Invasive and Robotic Urology (University Center of 
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Excellence in Urology, Wroclaw Medical University, Poland). 
The corresponding part of the resected tissues underwent 
pathological examination. The RC1 cells were derived 
from a 68-year-old female patient with G1 clear cell RCC 
(primary tumor subtype 1a (pT1b)). The RC2 cells were 
derived from a 69-year-old male patient with G2 clear cell 
RCC (pT1b). The RC3 cells were derived from a 78-year-
old female patient with G2 clear cell RCC (pT1b). The HR 
cells were derived from a 59-year-old male patient with 
G2 papillary cell RCC (pT1b). The use of patient-derived 
cells from the same individual provides a more clinically 
relevant and representative model for studying RCC and 
allows researchers to better understand the specific char­
acteristics of both cancerous and healthy cells within the 
context of an individual’s unique biological profile. After 
the surgical removal of the tumor, 0.5 cm3 of cancer tis­
sue was inserted into the 2-mL probe with phosphate-
buffered saline (PBS; Sigma-Aldrich, St. Louis, USA). The 
sample was immediately transported to the laboratory 
and further cut into small pieces. The tissue samples were 
incubated in a culture medium, which was replaced daily. 
The cells were cultured in 25-mL polystyrene cell cul­
ture flasks (Falcon®; Corning Life Sciences, Tewksbury, 
USA) with Dulbecco’s Modified Eagle’s Medium (DMEM; 
Sigma-Aldrich) supplemented with 10% fetal bovine 
serum (FBS; Sigma-Aldrich) and antibiotic (streptomycin/
gentamycin) in a humidified incubator (Heracell; Thermo 
Fisher Scientific, Waltham, USA) under standard culture 
conditions at 37°C in an  atmosphere containing 5% 
CO2. When required, the cells were rinsed with PBS and 
removed by trypsinization (0.025% trypsin and 0.02% 
ethylenediaminetetraacetic acid (EDTA); Sigma-Aldrich). 
The cells were resuspended and transferred into new culture 
flasks. The flasks in which the cells exhibited consistent 
morphology were trypsinized, and a small number of cells 
were transported to the new culture flask. 

Avelumab preparation and incubation 

The experimental protocol involved seeding the renal 
cancer cells on glass coverslips and 10-well micros­
copy slides to facilitate subsequent analyses. Avelumab, 
sourced as Bavencio in a  20 mg/mL concentration, was 
prepared by dissolution in DMEM to attain concentra­
tions of 20 ng/mL and 20 µg/mL. Subsequently, the requi­
site quantity of the drug solution was administered to the 
cells, initiating a  24-hour incubation period. Following 
this exposure, the cells were fixed using 4% paraformalde­
hyde. Then, immunocytochemical and fluorescent stain­
ing procedures were employed to visualize and assess the 
expression patterns of  CD15 and IL-17RA for potential 
alterations induced by avelumab at the molecular level. 
This methodological approach aimed to capture and ana­
lyze the responses of RC cells to varying concentrations 
of avelumab, thereby laying a foundation for understand­
ing its impact on CD15 and IL-17RA expression.

MTT assay 

In this study, the assessment of cell viability and metabolic 
activity was conducted using the 3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay. After 
cultivating renal cancer cells (RC1, RC2, RC3) and HR cells 
under specified culture conditions in polystyrene cell cul­
ture flasks, the MTT assay was employed to assess cellu­
lar health. Following the seeding of cells in 96-well plates, 
the cells were treated with the MTT reagent and incubated, 
allowing viable cells to enzymatically convert the dye into 
formazan crystals. Subsequently, the formazan crystals were 
solubilized, and a  spectrophotometric measurement was 
conducted at approx. 570 nm, providing a quantitative read­
out of cell viability. The colorimetric assay served as a cru­
cial tool for evaluating the impact of experimental variables 
on the metabolic activity of the renal cancer cells, offering 
insights into their proliferative and survival capacities. The 
MTT assay, a  standard method in cell biology, facilitated 
a robust assessment of cellular responses and contributed 
valuable data to the characterization of RC and HR cells.

Immunocytochemical staining 

The immunocytochemical staining was employed to 
semi-quantitatively assess the expression and distribution 
of  CD15, IL-17RA and STAT3 in RC1–RC3 and HR cell 
lines following the incubation with avelumab. The cells 
were incubated for 24  h on 10-well microscopy slides, 
washed in PBS, and fixed in 4% formalin. Afterward, they 
were washed in PBS, and a  peroxide block (ab80436 kit; 
Abcam, Waltham, USA) was added for 10 min. Subsequently, 
the cells were washed in PBS with 1% Triton X (Merck Life 
Science Sp. z o.o., Poznań, Poland). The protein block agent 
(Abcam) was incubated with the cells for 10 min. The cells 
were then incubated with the first-order antibodies (1:250, 
STAT3 (124H6); 1:250, IL-17R (49M4D2); 1:250, CD15 
(sc-19648)) for 24 h at 4°C. Afterwards, the cells were washed 
with PBS and 1% Triton X, and the mouse complement agent 
(Abcam) was added. After 10 min, the cells were washed 
with PBS and 1% Triton X. Then, a 3,3’-diaminobenzidine 
(DAB) mixture (1 DAB:50 DAB substrate) was applied for 
10 min in the dark. Next, the cells were washed for 10 min in 
distilled water and stained with hematoxylin for 1 min. The 
excess stain was removed by washing with water for 30 min, 
and the cells were dehydrated by incubation for 5 min in 
each of the ethanol solutions (50%, 60%, 70%, 80%, 90%, and 
96%). In the final stage of sample preparation, xylene I and II 
were used to dehydrate the sample. Finally, the glass was 
mounted on the sample using dibutylphthalate polystyrene 
xylene (DPX) medium (Aqua-Med ZPAM-KOLASA, 
Łódź, Poland). The samples were observed under a  light 
microscope (Olympus BCX43; Olympus, Tokyo, Japan) 
and the images were captured using a  Plan-Apochromat 
20× objective (Olympus). In each sample, the percentage 
of stained cells was recorded.
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The immunoreactive score (IRS), developed by Remmele 
and Stegner, is a  widely utilized method for the semi-
quantitative assessment of immunohistochemical staining 
in histopathology.18 Introduced in 1987, the IRS integrates 
both the intensity and proportion of stained cells to provide 
a  comprehensive score reflecting the overall immuno­
reactivity within a  tissue sample. The IRS system assigns 
a numeric value to the staining intensity (ranging from 0 to 3) 
and another value to the proportion of positively stained 
cells (ranging from 0 to 4). These values are then multiplied, 
resulting in a final IRS ranging from 0 to 12. This scoring 
system allows researchers and pathologists to objectively 
evaluate the expression levels of specific antigens in tissues, 
thereby contributing to the understanding of disease pro­
cesses and aiding in the development of targeted therapeu­
tic approaches. The IRS has been particularly valuable in 

the field of cancer research, where the assessment of  the 
extent and intensity of  protein expression can provide 
insights into tumor biology and prognosis.

Fluorescent staining 

To visualize and assess the expression ratio of  STAT3 
to phospho-STAT3 and IL-17RA to IL-17, confocal laser 
scanning (CLS) microscopy was used. The cells were incu­
bated on covered glass slides within Petri dishes after 24 h 
and washed 3 times with PBS. The fixed cells were labeled 
with the first-order antibodies (1:250, STAT3 (124H6; Cell 
Signaling Technology, Inc., Danvers, USA); 1:250, IL-17R 
(49M4D2; Novus Biologicals, Centennial, USA); 1:250, 
CD15 (sc-19648; Santa Cruz Biotechnology, Dallas, USA)) 
for 1  h at 37°C, in accordance with the manufacturer’s 

Fig. 1. Effects of avelumab on the expression of cluster of differentiation 15 (CD15), interleukin 17 receptor A (IL-17RA) and signal transducer and activator 
of transcription 3 (STAT3) in renal cancer cells (RC1–RC3) and healthy renal cells (HR)

A. Immunocytochemistry (ICC) reaction showing the expression of CD15, IL-17RA and STAT3 in RC1 and HR with control immunohistochemistry (ICH) samples; 
B. Effects of 20 ng/mL avelumab on the expression of CD15, IL-17RA and STAT3 in 3 renal cancer cell lines and HR examined by ICC and assessed using the 
immunoreactive score (IRS) pathology classification; C. 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) viability assay following a 24-h 
incubation period with avelumab at concentrations of 20 ng/mL and 20 µg/mL  
PBS – phosphate-buffered saline; DAB – 3,3’-diaminobenzidine.
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protocol. Next, the cells were washed with PBS and 
stained with the second-order antibodies (Alexa Fluor™ 
594 and Alexa Fluor™ 488 (1:500; A32731 and A32744, 
respectively; Abcam) for 1 h at 37°C. Fluoroshield™ with 
4’,6-diamidino-2-phenylindole dihydrochloride (DAPI) 
(Sigma-Aldrich) was applied for the visualization of nuclei 
and for mounting the cells. The cells were observed using 
the Olympus FluoView FV1000 CLS microscope (Olympus) 
and the images were captured using a  Plan-Apochromat 
(60×) oil immersion objective (Olympus).

Statistical analysis 

The viability and microscopy experiments were per­
formed in at least 3 replicates. The data was expressed as 

mean ± standard deviation (M ±SD) and analyzed using 
one-way analysis of variance (ANOVA) (GraphPad Prism 8; 
GraphPad Software, Boston, USA). A p-value <0.05 was 
considered statistically significant. The immunocytochemical 
reaction was performed for each sample in triplicate.

Results 
The results of  our study demonstrate a  profound 

and selective downregulation of  STAT3 expression in 
renal cancer cells in response to avelumab, as illus­
trated in Fig. 1A. This downregulation was specifically 
associated with both the total STAT3 protein and its 
phosphorylated form, as depicted in Fig. 2A and Fig. 2B. 

Fig. 2. Confocal laser scanning (CLS) microscopy photographs following the incubation with avelumab, and the interactions between STAT3, IL-17RA and CD15

A. CLS microscopy studies of STAT3 and phospho-STAT3 following the incubation with avelumab; B. Fluorescence analysis of the depicted photographs; 
C. CLS microscopy photographs of CD15 expression in RC1 cells following the incubation with 20 ng/mL avelumab. White arrows depict the membrane 
localization of CD15; D. Scheme showing the interactions between STAT3, IL-17RA and CD15. Programmed cell death ligand-1 (PD-L1) expression is 
upregulated by signaling from IL-17RA. Phospho-STAT3 binds directly to the PD-L1 promoter and increases its expression. STAT3 and CD15 are expressed 
in different differentiation stages of the cells and thus, only one of the antigens is expressed on the cancer cell membrane. The antibody regulates the 
expression of CD15, IL-17RA and STAT3 via binding of avelumab to PD-L1 
* statistically significant (p < 0.05, one-way analysis of variance (ANOVA)).
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The HR cells did not exhibit a  similar response to ave­
lumab, indicating that the observed effect was specific to 
cancerous cells. Furthermore, despite the marked changes 
in STAT3 expression, no discernible morphological alter­
ations were observed in the renal cancer cells following 
the incubation with avelumab.

Our investigations using immunocytochemistry (ICC) 
have revealed an intriguing antagonistic relationship be­
tween CD15 and IL-17RA expression, as illustrated in 
Fig.  1B. Specifically, when the expression of  CD15 was 
influenced by avelumab treatment, there was no concomi­
tant change in the expression of IL-17RA. Upon exposure 
to avelumab, the RC1 cell line exhibited a shift of CD15 
from the cell membrane to the membranous organelles 
inside the cells, as depicted with white arrows in Fig. 2C. 
Despite the shift in the localization of CD15, the overall 
expression of CD15, as observed in both ICC and immuno­
fluorescent studies, exhibited an unexpected increase.

Conversely, a decrease in IL-17RA levels in the HR cells 
following avelumab incubation was not accompanied by 
a corresponding change in the expression of the receptor 
in the renal cancer cells. This intriguing finding suggests 
that avelumab may exert distinct and cell-specific effects 
on IL-17RA expression, with HR cells responding differ­
ently than their cancerous counterparts. The differential 
response of  renal cancer cells and healthy cells to ave­
lumab underscores the complexity of  the drug’s impact 
on signaling pathways and highlights the necessity for 
further exploration of its precise mechanisms of action.

The observed alterations do not affect the viability 
of the cells, as evidenced by the absence of statistically sig­
nificant results (Fig. 1C). Noteworthy, avelumab, a drug 
that affects the immune system, is not solely responsible 
for cytotoxicity in the cancer cell culture. These results 
contribute to a more comprehensive understanding of the 
molecular responses induced by avelumab in renal cancer 
cells. The selective downregulation of STAT3, the antago­
nistic relationship between the expression of CD15 and 
IL-17RA, and the differential responses in renal cancer 
cells and healthy cells provide valuable insights that may have 
implications for the development of  targeted therapies 
in renal cancer. The absence of  morphological changes 
in cancer cells following avelumab treatment further 
emphasizes the specificity of  the observed molecular 
alterations. Our findings pave the way for future research 
into the intricate interplay of signaling pathways affected 
by avelumab in renal cancer, offering potential avenues 
for therapeutic interventions and personalized treatment 
strategies.

Discussion
The STAT3 signaling is responsible for the simultane­

ous alterations in CD15 and IL-17RA. Several studies 
have indicated that IL-17RA-mediated signaling leads to 

the phosphorylation of STAT3, which in turn activates the 
transcription of PD-L1.15,19,20 Yang et al. demonstrated that 
the expression of IL-17RA is associated with the promotion 
of cancer stem-like properties in cancer cells via the STAT3 
pathway.21 The findings of the study conducted by Hevehan 
et al. showed that the expression of STAT3 remains strongest 
in CD15− cells and gradually declines upon granulocytic 
differentiation, thereby supporting the negative regulation 
of protein expression.22 Giordano et al. demonstrated that 
STAT1/STAT3-dependent phosphorylation does not cause 
CD15 overexpression, indicating that the shift from STAT3 
to phospho-STAT3 does not independently affect the 
expression of CD15.23

A summary of the interaction between CD15, IL-17RA 
and STAT3 is shown in Fig. 2D. A study by Zerdes et al. 
demonstrated that STAT3 promotes PD-L1 expression24 
and another study showed that phospho-STAT3 increases 
the expression of PD-L1 through direct binding to the PD-L1 
promoter.25 The targeting of  IL-17A has been observed 
to inhibit the expression of  PD-L1 in tumor cells.26,27 
Escors et al. discussed the impact of PD-L1 intracellular 
signalosome in cancer cells, which modifies protein 
expression through STAT3 phosphorylation.14 Meanwhile, 
IL-17A was found to affect kidney epithelial cells through 
the extracellular signal-regulated kinase 1/2 (ERK1/2) and 
STAT3 pathway,10,15 with CD15 expression correlating to 
STAT3 levels.16 Interestingly, the levels of both proteins 
were observed to act in a reverse manner, with STAT3 lev­
els decreasing when CD15 levels increased. Consequently, 
the expression levels of CD15 and IL-17RA were found to 
depend on the expression of STAT3 and its level of phos­
phorylation. There are currently no studies on the impact 
of avelumab on the expression of CD15 and IL-17RA. To 
address this gap in knowledge, we aimed to investigate the 
changes in CD15 and IL-17RA expression following treat­
ment with avelumab, thereby deepening our understand­
ing of the potential role of anticancer drugs in modulating 
cancer antigens.17

The findings of  this study offer valuable insights into 
the effects of avelumab on the expression levels of PD-L1, 
CD15 and IL-17RA in renal cancer cells. However, fur­
ther research is required to fully understand the under­
lying mechanisms and to optimize the use of  avelumab 
and other immunotherapeutic agents in the treatment 
of RCC. Future studies may explore the impact of com­
bination therapies targeting multiple signaling pathways 
and proteins involved in RCC, as well as the use of bio­
markers to identify patients who are most likely to benefit 
from immunotherapy. In addition, the study of the effect 
of avelumab on other cell types, such as tumor-associated 
immune cells and stromal cells, may provide additional 
insights into the complex interactions between different 
cell types within the tumor microenvironment. Ultimately, 
continued research in this area has the potential to 
facilitate the development of more effective and personal­
ized therapies for patients with RCC.
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Limitations 

While our study provides valuable insights into the 
impact of  avelumab on the expression levels of  PD-L1, 
CD15 and IL-17RA in renal cancer cells, it is important 
to acknowledge certain limitations that warrant 
consideration. Firstly, the lack of existing studies regarding 
the influence of avelumab on the expression of CD15 and 
IL-17RA necessitates a  cautious interpretation of  our 
findings. Further investigations are required to validate 
and expand upon our observations. Additionally, the 
inherent complexity of  the tumor microenvironment 
introduces a  degree of  variability, as evidenced by the 
observed differences among patients (RC1–RC3) in 
our study. The high degree of  variability observed in 
the results may also be attributed to inherent biological 
heterogeneity within the patient cohort and potential 
variations in the tumor microenvironment, genetic 
makeup and previous treatment histories. Recognizing 
the significance of  this variability, future studies should 
aim to address and elucidate these patient-specific factors, 
employing larger cohorts and comprehensive patient 
profiling to enhance the generalizability and robustness 
of our findings. Despite these limitations, our study serves 
as a  foundational exploration into the potential effects 
of  avelumab on RCC. It provides a  platform for further 
research and the refinement of  therapeutic strategies in 
the pursuit of more effective and personalized treatment 
approaches.

Conclusions
In targeting renal cells with avelumab, our study 

unveils notable alterations in the expression of CD15 and 
IL-17RA antigens. Significantly, the complex interplay 
between STAT3 and the phospho-STAT3 pathway emerges 
as a  pivotal mechanism orchestrating these molecular 
changes. While our findings underscore the potential 
of these antigens as promising targets in novel anticancer 
therapies, further investigations involving sophisticated 
in vivo studies and an expanded research cohort encom­
passing a  greater number of  patients in study samples 
are required to further corroborate our findings. These 
endeavors will not only serve to fortify the robustness 
of our results and hypotheses but also contribute to the 
development of more precise and personalized therapeutic 
regimens, ultimately advancing the clinical applicability 
of avelumab in RCC.

Ethics approval and consent  
to participate 

The study was approved by the Ethics Committee 
of  Wroclaw Medical University (approval No. 
755/2022).

Data availability 

The datasets generated and/or analyzed during the cur­
rent study are available from the corresponding author on 
reasonable request.

Consent for publication 

Not applicable.

ORCID iDs
Wojciech Kacper Szlasa  https://orcid.org/0000-0002-5477-5771
Natalia Julia Sauer  https://orcid.org/0000-0002-1898-3952
Jakub Karwacki  https://orcid.org/0009-0005-4441-1877
Anna Szewczyk  https://orcid.org/0000-0003-0934-9180
Julita Kulbacka  https://orcid.org/0000-0001-8272-5440
Tomasz Szydełko  https://orcid.org/0000-0002-1360-0422
Jolanta Saczko   https://orcid.org/0000-0001-5273-5293
Bartosz Malkiewicz  https://orcid.org/0000-0002-5933-3753

References
1.	 Sahoo TP, Desai C, Agarwal S,  et  al. ExPert ConsEnsus on the 

management of Advanced clear-cell RenaL celL carcinoma: INDIAn 
Perspective (PEARL-INDIA). BMC Cancer. 2023;23:737. doi:10.1186/
S12885-023-11237-Y/TABLES/4

2.	 Yu EM, Mudireddy M, Patel I, Aragon-Ching JB. Evolving treatment 
options for metastatic renal cell carcinoma (mRCC). 2023;3(2):117–131. 
doi:10.3390/URO3020014

3.	 Powles T, Park SH, Voog E,  et  al. Avelumab maintenance therapy 
for advanced or metastatic urothelial carcinoma. N Engl J Med. 
2020;383(13):1218–1230. doi:10.1056/NEJMOA2002788

4.	 Paganuzzi M, Bobbio B, Marroni P, Filiberti R, Battista Secco G, 
Grossi CE. Prognostic role of serum sialyl Lewisx (CD15s) in colorec-
tal cancer. Oncology. 2003;65(1):52–59. doi:10.1159/000071205

5.	 Pfannschmidt J, Bade S, Hoheisel J, Muley T, Dienemann H, 
Herpel  E. Identification of  immunohistochemical prognostic 
markers for survival after resection of pulmonary metastases from 
colorectal carcinoma. Thorac Cardiovasc Surg. 2009;57(7):403–408. 
doi:10.1055/s-0029-1185820

6.	 Tian X, Wang T, Zheng Q, Tao Y, Dai L, Shen H. Circulating CD15+ 
LOX-1+ PMN-MDSCs are a potential biomarker for the early diagnosis 
of  non-small-cell lung cancer. Int J Clin Pract. 2021;75(8):e14317. 
doi:10.1111/IJCP.14317

7.	 Szlasa W, Wilk K, Knecht-Gurwin K, et al. Prognostic and therapeutic 
role of  CD15 and CD15s in cancer. Cancers. 2022;14(9):2203. 
doi:10.3390/CANCERS14092203

8.	 Jarocki M, Karska J, Kowalski S,  et  al. Interleukin 17 and its 
involvement in renal cell carcinoma. J Clin Med. 2022;11(17):4973. 
doi:10.3390/JCM11174973

9.	 Paquissi FC, Abensur H. The Th17/IL-17 axis and kidney diseases, 
with focus on lupus nephritis. Front Med (Lausanne). 2021;8:654912. 
doi:10.3389/FMED.2021.654912

10.	 Hirai Y, Iyoda M, Shibata T,  et  al. IL-17A stimulates granulocyte 
colony-stimulating factor production via ERK1/2 but not p38 or JNK 
in human renal proximal tubular epithelial cells. Am J Physiol Renal 
Physiol. 2012;302(2):F244–F250. doi:10.1152/AJPRENAL.00113.2011

11.	 Zhao J, Chen X, Herjan T, Li X. The role of  interleukin-17 in tumor 
development and progression. J Exp Med. 2020;217(1):e20190297. 
doi:10.1084/JEM.20190297

12.	 Dębiński P, Dembowski J, Kowal P,  et  al. The clinical significance 
of  lymphangiogenesis in renal cell carcinoma. Med Sci Monit. 
2013;19:606–611. doi:10.12659/MSM.883981

13.	 Gorczynski RM. IL-17 signaling in the tumor microenvironment. Adv 
Exp Med Biol. 2020;1240:47–58. doi:10.1007/978-3-030-38315-2_4

14.	 Escors D, Gato-Cañas M, Zuazo M,  et  al. The intracellular 
signalosome of PD-L1 in cancer cells. Signal Transduct Target Ther. 
2018;3:26. doi:10.1038/s41392-018-0022-9



W. Szlasa et al. Effect of avelumab on IL-17RA and CD15720

15.	 Yuan S, Zhang S, Zhuang Y, Zhang H, Bai J, Hou Q. Interleukin-17 
stimulates STAT3-mediated endothelial cell activation for 
neutrophil recruitment. Cell Physiol Biochem. 2015;36(6):2340–2356. 
doi:10.1159/000430197

16.	 Golus M, Bugajski P, Chorbińska J,  et  al. STAT3 and its pathways’ 
dysregulation – underestimated role in urological tumors. Cells. 
2022;11(19):3024. doi:10.3390/CELLS11193024

17.	 Szlasa W, Janicka N, Sauer N,  et  al. Chemotherapy and physical 
therapeutics modulate antigens on cancer cells. Front Immunol. 
2022;13:889950. doi:10.3389/FIMMU.2022.889950

18.	 Kaemmerer D, Peter L, Lupp A, et al. Comparing of IRS and Her2 as 
immunohistochemical scoring schemes in gastroenteropancreatic 
neuroendocrine tumors. Int J Clin Exp Pathol. 2012;5(3):187–194. 
PMID:22558472. 

19.	 Yu C, Niu X, Du Y, et al. IL-17A promotes fatty acid uptake through 
the IL-17A/IL-17RA/p-STAT3/FABP4 axis to fuel ovarian cancer 
growth in an  adipocyte-rich microenvironment. Cancer Immunol 
Immunother. 2020;69(1):115–126. doi:10.1007/s00262-019-02445-2

20.	 Ganesan R, Rasool M. Interleukin 17 regulates SHP-2 and IL-17RA/
STAT-3 dependent Cyr61, IL-23 and GM-CSF expression and RANKL 
mediated osteoclastogenesis by fibroblast-like synoviocytes in 
rheumatoid arthritis. Mol Immunol. 2017;91:134–144. doi:10.1016/J.
MOLIMM.2017.09.003

21.	 Yang CY, Lin CH, Jiang JK. Expression of  IL-17RA promotes cancer 
stem-like properties of colorectal cancer cells by Stat3 activation. 
Ann Oncol. 2019;30(Suppl 5):v11. doi:10.1093/ANNONC/MDZ238.035

22.	 Hevehan DL, Miller WM, Papoutsakis ET. Differential expression and 
phosphorylation of  distinct STAT3 proteins during granulocytic 
differentiation. Blood. 2002;99(5):1627–1637. doi:10.1182/BLOOD.
V99.5.1627

23.	 Giordano G, Febbraro A, Tomaselli E,  et  al. Cancer-related 
CD15/FUT4 overexpression decreases benefit to agents targeting 
EGFR or VEGF acting as a novel RAF-MEK-ERK kinase downstream 
regulator in metastatic colorectal cancer. J Exp Clin Cancer Res. 
2015;34:108. doi:10.1186/S13046-015-0225-7/FIGURES/4

24.	 Zerdes I, Wallerius M, Sifakis EG,  et  al. STAT3 activity promotes 
programmed-death ligand 1 expression and suppresses immune 
responses in breast cancer. Cancers (Basel). 2019;11(10):1479. 
doi:10.3390/CANCERS11101479

25.	 Luo F, Luo M, Rong QX, et al. Niclosamide, an antihelmintic drug, 
enhances efficacy of  PD-1/PD-L1 immune checkpoint blockade 
in non-small cell lung cancer. J Immunother Cancer. 2019;7(1):245. 
doi:10.1186/S40425-019-0733-7

26.	 Ma YF, Chen C, Li D, et al. Targeting of interleukin (IL)-17A inhibits 
PDL1 expression in tumor cells and induces anticancer immunity 
in an estrogen receptor-negative murine model of breast cancer. 
Oncotarget. 2017;8(5):7614–7624. doi:10.18632/ONCOTARGET.13819

27.	 Wang X, Yang L, Huang F,  et  al. Inflammatory cytokines IL-17 
and TNF-α up-regulate PD-L1 expression in human prostate and 
colon cancer cells. Immunol Lett. 2017;184:7–14. doi:10.1016/J.
IMLET.2017.02.006


	Title page

