Introduction: In clear cell renal cell
carcinoma (ccRCC), intravascular ex-
tension often results in neoplastic
thrombus formation, impacting pa-
tient outcomes.

Material and methods: We assessed
P-selectin glycoprotein ligand-1 (PSGL-1)
expression in the primary tumours and
thrombi of 82 ccRCC patients.
Results: Notably, PSGL-1 expression
varied between tumour compart-
ments, with higher prevalence in
thrombus tumour cells (TC) and pri-
mary tumour-associated immune cells
(TAIC). Positive TC PSGL-1 correlated
with high-grade histology, while TAIC
PSGL-1 was associated with tumour
necrosis. Univariate survival analysis
identified PSGL-1 positivity in TC of pri-
mary tumours and TAIC in thrombi as
indicators of poorer overall survival.
These findings suggest a potential role
for PSGL-1 in the mediation of tumour
thrombus formation, highlighting its
relevance in biology of ccRCC.
Conclusions: The increased expression
of PSGL-1 in venous thrombi suggests
its potential role in facilitating TC in-
teractions with platelets and endothe-
lium, potentially contributing to met-
astatic spread and worse outcomes.
Understanding these expression
patterns may aid in the development
of novel therapeutic strategies and
personalised treatment approaches for
ccRCC patients.
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thrombus, P-selectin glycoprotein
ligand-1, biomarker.

Contemp Oncol (Pozn) 2024; 28 (3): 253-259
DOI: https://doi.org/10.5114/w0.2024.144225

Original paper

P-selectin glycoprotein ligand-1

is diversely expressed in the primary
tumour and venous thrombus

of clear cell renal cancer and
correlates with poor overall survival

Rafat Peksa'’, Sumit Sharma?, Michat Kunc!, Marta Popeda?, Le Qu3*,
Mikotaj Frankiewicz®, Marcin Folwarski®’, Piotr Radziszewski?, tukasz Zapata’

*These authors contributed equally to this work.

!Department of Pathomorphology, Medical University of Gdansk, Gdansk, Poland
2Clinic of General, Oncological and Functional Urology, Medical University of Warsaw,
Warsaw, Poland

*Department of Urology Jinling Hospital Affiliated Hospital of Medical School Nanjing
University, Nanjing Jiangsu, China

“Department of Urology Jinling Hospital Jinling School of Clinical Medicine Nanjing
Medical University, Nanjing Jiangsu, China

*Department of Urology, Medical University of Gdansk, Gdanhsk, Poland

°Department of Clinical Nutrition and Dietetics, Medical University of Gdansk, Gdansk,
Poland

"Home Enteral and Parenteral Nutrition Unit, General Surgery Department, Nicolaus
Copernicus Hospital, Gdansk, Poland

Introduction

Clear cell renal cell carcinoma (ccRCC) exhibits a tendency for intravascular
growth, and it occasionally presents with neoplastic thrombus expanding
into the renal vein or even further to vena cava [1]. This phenomenon cor-
relates with a higher risk of metastatic spread and inferior overall surviv-
al (0S), but multiple additional factors influence the final outcomes in this
clinical scenario [2]. The risk stratification is crucial to personalise the pre
— and/or post-surgical management of these patients [3]. Recent advances
in the treatment of renal cancer have initiated changes in the landscape
of the available modalities [4]. As novel immunotherapy has already proven
its place in this setting, there is a growing need for biomarkers to be im-
plemented in the phase of patients’ qualification for systemic treatment or
monitoring during follow-up [5]. Interestingly, the primary tumour and its
thrombus may display distinct biological features and microenvironments.
Arecent multicentre study showed that novel immune markers (PD-L1, VISTA,
TOX) expressed by tumour cells (TC) and tumour-associated immune cells
(TAIC) in the primary renal tumour mass and venous thrombus are asso-
ciated with OS [6, 7]. Moreover, their expression correlates with markers
of systemic inflammation derived from complete blood count, which are po-
tentially useful prognostic factors in RCC with venous thrombus. VISTA [6]
represents the next generation of immune checkpoints inhibitors [8]. Interest-
ingly, up-regulation of VISTA on cancer cells may be attributed to the immu-
notherapy used, being the sign of immune escape mechanism [9]. The abun-
dance of VISTA-positive TAIC in venous tumour thrombus corresponds with
poorer survival in ccRCC [6].

VISTA is thought to be an acidic pH-selective target for P-selectin gly-
coprotein ligand-1 (PSGL-1) [10]. P-selectin glycoprotein ligand-1 major
function is based on the regulative functions of leukocyte trafficking and
adhesive features of the endothelium [11]. As a promising candidate for
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becoming a future biomarker, PSGL-1 is commonly ex-
pressed by myeloid cells and activated lymphocytes T,
and, occasionally, TC [12]. Hence, we hypothesised that its
expression may differ within various compartments, i.e.
the primary tumour and tumour thrombus, and may be
of prognostic significance. In the current study, we inves-
tigated the clinicopathological correlates and prognostic
value of PSGL-1 in ccRCC with venous tumour thrombus.

Material and methods
Patient cohort

Eighty-two patients with primary ccRCC and venous
tumour thrombus treated surgically upfront with nephrec-
tomy with/without cavotomy and subsequent throm-
bectomy in the years 2012-2019 in 2 tertiary urological
departments were enrolled. No additional treatment was
managed prior to the definite surgery. Surgical procedures
were performed in a standardised manner through lapa-
rotomy. We collected the following data from patients: age,
gender, tumour stage based on computed tomography or
magnetic resonance imaging scans of thorax, abdomen,
and pelvis according to 2017 TNM (tumour-node-metas-
tasis) classification system (AJCC version) [13], preopera-
tive haematological data (number of neutrophils, platelets,
lymphocytes, monocytes together with respective ratios:
neutrophil to lymphocyte ratio, lymphocyte to monocyte
ratio, platelet to lymphocyte ratio) retrieved from local cer-
tified laboratories (FACS, Sysmex XM200, Sysmex Poland,
Poland), the results of pathological examination, as well as
the last follow-up and survival outcomes from local insti-
tutional databases. Telemedicine visits were established if
necessary to incorporate any missing data.

The study was performed under local Ethics Committee
approval AKBE/72/2021 of the Medical University of War-
saw. Informed consent was collected from all the patients
involved in the study.

Tissue microarrays and immunohistochemistry

Haematoxylin and eosin-stained ccRCC specimens from
the renal tumour mass and venous tumour thrombus
were reviewed by 2 pathologists (R.P. and M.K.). All cas-
es were examined for the presence of TAIC, i.e. tumoral/
peritumoral lymphocytes and macrophages. Representa-
tive areas containing cancer cells and TAIC were selected.
Tissue microarrays (TMA), containing representative sam-
ples of the primary tumour mass and venous thrombus
of 82 ccRCC cases, were created using 1.5 mm needles,
with 3 cores sampled from both the venous thrombus
(2 peripheral, one central) and the renal tumour. Small-
er thrombi had fewer cores. Control samples from tonsil,
placenta, and liver were included. Tissue microarrays were
sliced into 5 um sections for immunohistochemistry [6, 7].
Subsequently, obtained TMA were stained with anti-PS-
GL-1 antibody (clone KPL-1, mouse monoclonal, dilution
1: 200, Sigma Aldrich), anti-VISTA (clone D5L5T, dilution
1: 300, Cell Signaling), and/or anti-PD-L1 antibody — 22¢3
mouse monoclonal, dilution 1:50 (DAKO, Agilent, CA, USA).
PSGL-1 expression was assessed separately in TC and TAIC
in both tumour compartments. Cores containing tonsil

and placenta tissue served as positive controls, whereas
liver samples served as negative controls [14]. The mem-
branous and cytoplasmatic reaction were considered pos-
itive, and the percentage of positive cells of each type was
scored by 2 pathologists with experience in uropathology
(RPand MK). The differences in scoring between the 2 patho-
logists were noted, and the final consensus scores were
obtained after discussion.

Statistics

Statistical analyses were performed using the Statisti-
ca 13.3 (TIBCO, Palo Alto, CA, USA; licensed to the Medical
University of Gdansk) and R statistical environment [15].
Associations between categorical variables were assessed
with the x? test or Fisher’s exact test when applicable. Con-
tinuous variables were analysed using the Wilcoxon test,
Kruskal-Wallis test, or Spearman correlation, as appro-
priate. Kaplan-Meier curves were plotted using the “sur-
vminer” package and compared with the log-rank test [16].
Hazard ratios were calculated with the Cox proportional
hazard regression. All tests were considered statistically
significant as p < 0.05.

Results
Basic characteristics of the studied cohort

Four cases were excluded from the analysis due to
the loss of cores in TMA, leaving 78 cases for further
analysis. In this group median follow-up was 29 months
(Table 1). The 2-year OS during follow-up reached 74.6%.
The summary of the cohort is presented in Table 1.

The expression of P-selectin glycoprotein ligand-1
on tumour cells and tumour-associated immune
cells in different compartments

Representative examples of PSGL-1 staining in primary
RCC and venous tumor thrombus were presented in Figure
1. In primary tumors, PSGL-1 was expressed on TC and TAIC
in 29 (37.2%) and 61 (78.2%) cases, respectively. In venous
thrombus, any expression of PSGL-1 was observed on TC
and TAIC in 46 (59%) and 38 (48.7%) cases, respectively
(Fig. 2, Table 2). Expression of PSGL-1 on TC was signifi-
cantly more common in venous thrombus (p < 0.0001).
On the other hand, the percentage of PSGL-1 express-
ing TAIC was significantly higher in the primary tumour
(p < 0.0001) (Table 2).

The association between P-selectin glycoprotein
ligand-1 expression and clinicopathological
variables

Several positive correlations were noted between PSGL-1
expression in different compartments/cells and clinico-
pathological findings (Table 3). Cancers expressing PSGL-1
on TCin tumour thrombus more commonly demonstrated,
among others, high-grade histology (p = 0.017), whereas
expression on TAIC correlated with the presence of ne-
crosis (p = 0.014). Recently, we focused on the expression
of VISTA in TC and TAIC in RCC with tumour thrombus [6].
Because no expression of VISTA was found in TC, we con-
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tinued analysis in TAIC and found positive correlation with
the presence of VISTA and PSGL-1 on TAIC (Fig. 3).

Survival analysis

Patients with PSGL-1-positive TAIC in venous throm-
bus (Fig. 4 A) and PSGL-1-positive TC in the primary tu-
mour (Fig. 4 B) had significantly shorter OS (respectively,
HR 2.27,95% Cl: 1.06-4.84, p = 0.032, and HR 3.42, 95% Cl:
1.45-8.05, p = 0.004, univariate Cox) (Table 4). Conversely,
PSGL-1 expression on TC in thrombus and on TAIC in pri-
mary tumours had no significant impact on the oncologi-
cal outcomes (univariate Cox) (Table 4). To further explore
the prognostic impact of PSGL-1, we performed multivari-
ate Cox regression analysis (Table 5), but PSGL-1 did not re-
tain its prognostic value in the model controlled by nodal
status, distant metastases, grade, and necrosis.

Discussion

In this study, we explored the expression of PSGL-1 in
primary tumours and venous thrombi of ccRCC and its cor-
relation with clinicopathological features and OS. We re-
vealed significant differences in the expression of PSGL-1
between tumour compartments, with the higher prev-
alence of PSGL-1-positive TC in venous thrombi, and PS-
GL-1-positive TAIC in primary tumour.

Relatively more common expression of PSGL-1 on TC in
venous thrombi may suggest its role in mediating TC in-
teractions with platelets and the endothelium, which may
facilitate metastatic dissemination [10]. This is consistent
with previous studies indicating that PSGL-1, primarily
known for its role in leukocyte trafficking and endothelial
adhesion, may contribute to the metastatic potential
of cancer cells by enhancing their adhesion properties un-
der shear stress conditions found in the bloodstream [17]. In
contrast, the study by Yamaoka et al. suggests that PSGL-1
plays a role in promoting immune cell infiltration and sup-
pressing primary tumour growth in a murine model [18].
This discrepancy underscores the complex and context-de-
pendent roles of PSGL-1 in tumour biology. Further research
is needed to elucidate the mechanisms by which PSGL-1
influences tumour progression and to understand the dif-
ferences observed between murine models and human can-
cers [18]. Interestingly, our analysis identified that PSGL-1
positivity in primary tumour TC and venous thrombi TAIC
correlated with inferior OS. However, this prognostic signif-
icance did not retain significance in multivariate analysis
controlled for by well-established prognostic factors (nodal
status, distant metastases, tumour grade, necrosis).

The association of PSGL-1 expression with high-grade
histology in both primary tumours and thrombi may fur-
ther support its role in promoting tumour aggressiveness.
Moreover, the presence of PSGL-1-positive TAIC in venous
thrombi correlated with tumour necrosis, another ad-
verse prognostic factor in ccRCC. These findings empha-
sise the complexity of the tumour microenvironment and
the multifaceted role of PSGL-1 in general cancer biology.
Another study supports our hypotheses based on the find-
ings coming from the studies on cervical cancer, i.e. PSGL-1
MRNA expression was strongly related with the higher

Table 1. Basic characteristics of the study group

Feature N (%)
Gender

Male 43 (55.1)
Female 35 (44.9)
Age Median: (IQR years) 66 (60-72)
Grade

G2 25 (32.1)
G3 39 (50)
G4 14 (17.9)
Sarcomatoid features in PT

No 72(92.3)
Yes 6 (7.7)
Rhabdoid features in PT

No 73 (93.6)
Yes 5(6.4)
Sarcomatoid features in VT

No 73 (93.6)
Yes 5 (6.4)
Rhabdoid features in VT

No 65 (83.3)
Yes 13 (16.7)
T

3a 76 (97.4)
3b 1(1.3)
3c =

4 1(1.3)
N

0 64 (82)
1 14 (18)
M

0 56 (71.8)
1 22 (28.2)
Tumour necrosis

Present 36 (46.2)
Absent 42 (53.8)
Death during follow-up

No 50 (64.1)
Yes 28 (35.9)

M —metastasis, N — node, PT — primary tumour, T —tumour, VT — venous

tumour thrombus
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Fig. 1. Representative examples of P-selectin glycoprotein ligand-1 (PSGL-1) staining in immune cells infiltrating clear cell renal cell carcino-
ma. PSGL-1-negative TC and a few (5%) -positive tumour-associated immune cells (TAIC) in thrombus (A), negative TC and 90% positive TAIC
in tumour (B), strongly positive TC and TAIC in thrombus (C), moderately positive TC and negative TAIC in tumour (D)

PSGL-1 - P-selectin glycoprotein ligand-1, TAIC — tumour-associated immune cells, TC — tumour cells

grade in the cervical high-grade squamous lesions. De-
spite this, it was found to be a good prognostic factor in
cervical cancer [19]. It seems that specific tumour and
organ microenvironment context may influence the prog-
nostic significance of immune-related proteins like PSGL-1.
Likewise, expression of PD-L1 shows divergent effects on
outcomes in various tumours and organs.

The differential expression patterns of PSGL-1 also
highlight the need for compartment-specific analysis
when evaluating biomarkers in ccRCC. The distinct biolog-
ical features and microenvironments of primary tumours
and their associated thrombi necessitate a nuanced ap-
proach to biomarker assessment [20]. Our study suggests

that PSGL-1 evaluation in venous thrombi, in addition to
primary tumours, could provide a more comprehensive
prognostic picture and potentially guide therapeutic stra-
tegies.

Lastly, one should consider some of the limitations
of our retrospective study when interpreting the results.
The specific cohort that was analysed comprised predom-
inantly patients with T3a stage with better expected out-
comes when compared to more locally advanced cases.
Additionally, no subanalyses of the populations of TAIC
were available. The study was performed on TMA, and
their assessment may not adequately reflect the whole
tumour microenvironment.
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Fig. 2. Expression of P-selectin glycoprotein ligand-1 on tumour-
associated immune cells in venous tumour thrombus and primary
tumour (renal cell carcinoma)

PSGL-1—- P-selectin glycoprotein ligand-1, TAIC — tumour-associated immune cells
The associations were estimated with paired Wilcoxon test.

Conclusions

In the current study we found that PSGL-1 was more
commonly expressed by TC in the venous thrombus than
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Fig. 3. The correlation between VISTA and P-selectin glycoprotein
ligand-1 expression on tumour-associated immune cells

PSGL-1 - P-selectin glycoprotein ligand-1, TAIC — tumour-associated immune cells

in the main renal mass of ccRCC. It suggests that the ac-
quisition of PSGL-1 expression in the tumour thrombus
enables interactions of TC with platelets and endotheli-
um. Then, PSGL-1 expression on TC was proven to have
prognostic value only in the tumour compartment. Inter-
estingly, the presence of PSGL-1-positive TAIC in venous
thrombus was also associated with worse outcomes. Thus,
the assessment of prognostic biomarkers in ccRCC should
take into consideration the unique environment of various
compartments.

Table 2. The comparison of P-selectin glycoprotein ligand-1 expression between the primary tumour and venous thrombus, concerning

the type of PD-L1 expressing cells

Venous thrombus

PSGL-1 Primary tumour

TC TAIC TC TAIC
Positive, n (%) 29 (37.2) 61(78.2) 46 (59) 38 (48.7)
Negative, n (%) 49 (62.8) 17 (21.8) 31(39.7) 39 (50)
Missing, n (%) 1(1.3) 1(1.3)

PSGL-1- P-selectin glycoprotein ligand-1, TAIC — tumour-associated immune cells, TC — tumour cells
In the TC — 0 = completely negative, 1 — weak expression, 2 — strong expression (score 1-2 = positive expression). In the TAIC — percentage of positive cells —any %

of positive cells = positive expression.

Table 3. The association between P-selectin glycoprotein ligand-1 expression in different compartment/cells and clinicopathological findings

(all 42, positive until stated otherwise)

Feature

PSGL-1TC VT PSGL-1TC PT (+) (p = 0.006)

PSGL-1 TAIC VT Necrosis (p = 0.014)

PSGL-1 TC PT PD-L1+in PT (p = 0.03)

NLR (p = 0.039)

Clinicopathological findings

Rhabdoid features in VT
(p =0.009)

High-grade
(p = 0.017)

LMR (p = 0.01) (negative/ association)

Rhabdoid features in PT (p = 0.04)

Rhabdoid features

PLR (p = 0.009)

in VT (p = 0.008)

PSGL-1TC in VT (p = 0.006)

PSGL-1 TAIC PT PD-L1+in PT (p = 0.028)

LMR — lymphocyte to monocyte ratio, NLR — neutrophil to lymphocyte ratio, PLR — platelet to lymphocyte ratio, PSGL-1 — P-selectin glycoprotein ligand-1,
PT — primary tumour, TC — tumour cells, TAIC — tumour-associated immune cells, VT — tumour venous thrombus
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Fig. 4. Kaplan-Meier curves for overall survival according to P-selectin glycoprotein ligand-1 expression on tumour-associated immune cells
in venous tumour thrombus (A) and tumour cells in primary tumour (B)

neg — negative expression, pos — positive expression, PSGL-1 — P-selectin glycoprotein ligand-1, TAIC — tumour-associated immune cells, TC — tumour cells

p-values were calculated with the log-rank test

Table 4. Univariate Cox proportional hazard regression analysis
of the association between — selectin glycoprotein ligand-1 expression
in the primary tumour and venous tumour thrombus, concerning tu-
mour-associated immune cells and tumour cells, and overall survival

Feature HR p-value
PSGL1TC PT (+) 3.42 (1.45-8.05) 0.004
PSGL1 TAIC PT (+) 0.73 (0.31-1.74) ns
PSGL1 TC VT (+) 1.12 (0.53-2.41) ns
PSGL1 TAIC VT (+) 2.27 (1.06-4.84) 0.032

ns — non-significant, PSGL-1 — P-selectin glycoprotein ligand-1, TAIC — tumour-
associated immune cells, TC — tumour cells
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