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Abstract 

Purpose  the aim of the current study was to molecularly classify high-grade, muscle-invasive, urothelial carcinoma 
of basal, luminal, and p53-like subtypes and to assess their relationship with CTLA-4 and PD-L1 expression.

Methods  fifty-seven samples from transurethral resections were tested immunohistochemically for CK5/6, CD44, 
CK20, p63, p53, and CTLA-4/PD-L1.

Results  about half of the cases presented a basal molecular profile (50.9%), the luminal profile was found in 29.8% 
and the p53-like profile in 15.8%. Positivity for CTLA-4 occurred in 24 samples (42.1%), with cytoplasmic and mem-
brane expression reported only in neoplastic cells. Of these, 11 were of the luminal subtype, ten were of the basal 
subtype, and three were of the p53-like subtype. There was an association between CTLA-4 expression and the lumi-
nal classification, and an absence of CTLA-4 expression in the basal profile (p = 0.047). PD-L1 expression was found 
in 12 samples, ten of them classified as the basal subtype (p = 0.036). CTLA-4 and PD-L1 expression were not identified 
in the same subtypes (p = 0.08), since only one sample was positive for both markers.

Conclusions  A molecular classification into the subtypes was possible in 96.5% of cases of high-grade, muscle-
invasive, urothelial carcinoma using immunohistochemistry. Thus, this type of classification is viable in most surgical 
pathology laboratories, including those in Brazil’s Unified Health System (known as SUS, the acronym for Sistema 
Único de Saúde). The expression of CTLA-4 is related to the luminal molecular subtype, while the expression of PD-L1 
is related to the basal molecular subtype. CTLA-4 and PD-L1 positivity are mutually exclusive.
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Introduction
Worldwide, bladder cancer is the tenth most inci-
dent type of cancer. In men, it ranks seventh, while 
in women, it is the 19th most frequent (INCA, 2022). 
According to Brazil’s National Cancer Institute (INCA, 
Instituto Nacional do Câncer), 11,370 new cases were 
estimated for the year 2023 in Brazil, with about 4,500 
deaths (INCA, 2022). Urothelial carcinoma is the most 
common malignant neoplasm of the urinary tract, 
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corresponding to about 90% of bladder neoplasms. In 
70–80% of cases, the disease is non-invasive or inva-
sive but non-muscle-invasive, corresponding to the Ta 
or T1 stages of anatomic pathological staging accord-
ing to American Joint Committee on Cancer (AJCC). 
The remaining 20–30% of the cases, on the other hand, 
correspond to stage T2 or higher (muscle-invasive dis-
ease). Currently, these cases are treated with neoadju-
vant chemotherapy using cisplatin and gemcitabine, 
when possible, followed by radical or partial cystectomy 
(Aydh et al. 2023; Williamson et al. 2022).

Many studies have been conducted in search of fur-
ther clarification of the molecular changes present in 
these neoplasms, focusing on possible target therapies 
and more accurate prognostic criteria (Williamson et al. 
2022). The study carried out by Lindgren et  al., in 2010 
was the first to describe the association between a worse 
prognosis and gene expression in high-grade urothe-
lial carcinomas with a squamous/keratinized phenotype 
and immunohistochemical expression of cytokeratin 5/6 
(CK5/6). Four years later, Choi et  al. (2014) proposed a 
molecular classification divided into three subtypes, 
namely: basal, luminal, and non-mutant p53 (wild-type 
p53 or p53-like). The basal subtype is characterized by 
frequent squamous differentiation and is associated with 
the immunohistochemical expression of CK5/6 and clus-
ter of differentiation 44 (CD44), proteins related to cell 
anchoring and adhesion, in addition to p63, which is pos-
itive in transitional cells and in squamous differentiation 
while it is negative for CK20, an epithelial marker, nor-
mally expressed only in the superficial cells of the urothe-
lium. These tumors are clinically more aggressive, but 
potentially sensitive to neoadjuvant chemotherapy. The 
luminal subtype is CK20 positive and generally presents a 
papillary configuration. There are reports of positivity for 
HER2, which is a potential target for therapy, with some 
clinical trials in progress (clinicaltrials.gov, 2023). Finally, 
the p53-like subtype is characterized by the strong 
expression of p53, without, however, fitting the profiles 
of the two aforementioned subtypes. In these cases, high 
resistance to chemotherapy is described and this proce-
dure can result in unnecessary toxic exposure and delays 
in surgical procedures for the patient (Choi et  al. 2014; 
Sanli et al. 2017).

Over the past few years, several other studies have 
been published with the aim of examining possible ways 
of molecularly classifying urothelial carcinomas and the 
repercussions this might have in clinical practice. Sev-
eral techniques have been used in these studies, includ-
ing immunohistochemical and genetic testing. Some 
authors advocated a division into only two subtypes: 
basal and luminal. Others reported the possibility of a 
division into as many as six distinct molecular groups, 

with the inclusion of the neuronal, mesenchymal, and 
neuroendocrine subtypes (Hurst et  al., 2014; Cancer 
Genome Atlas Research Network 2014; Sanli et al. 2017; 
Tan et al. 2019). However, in 2022, the latest issue of the 
WHO Classification of Tumors: urinary and male geni-
tal tumors, presented the consensus on molecular clas-
sification of urothelial carcinomas. This classification, 
published by Kamoun et al. in 2020, requires genetic and 
molecular tests and divides urothelial carcinomas into 
six categories: basal/squamous (Ba/Sq), luminal papillary 
(LumP), luminal unstable (LumU), Luminal non-Spec-
ified (LumNS), stroma-rich, and neuroendocrine (NE)-
like (Williamson et al. 2022).

Mutations that occur during carcinogenesis lead to 
new antigenic loci being exposed by tumor cells. These 
antigenic targets are often not recognized by the adap-
tive immune system, which is inhibited because they are 
self-proteins. The pathways through which this inhibi-
tion occurs have been the object of intensive study over 
recent years. Researchers have increasingly been using 
this knowledge to produce potential blockers of specific 
targets, decreasing the immune downregulation in the 
tumor’s environment (Ghasemzadeh et  al. 2016; Cath-
omas et al. 2022). Recent clinical studies have suggested 
that bladder cancer patients are among the best respond-
ers to this category of therapy, especially those present-
ing metastatic disease who are unfit for platinum therapy 
which positions these drugs as new weapons to poten-
tially overcame cancer (Alifrangis et al. 2019; Tang et al. 
2023).

The best studied pathway is the PD-1/PD-L1 path-
way, for which there already exists specific diagnostic 
and therapeutic proposals. Recently, the scientific com-
munity has also started to study the cytotoxic T-lym-
phocyte-associated antigen-4 (CTLA-4) pathway, a 
homodimeric glycoprotein originally described on the 
surface of activated T-cells. This protein has an inhibi-
tory function over the immune response due to its inter-
action with the CD80 (B7.1) and CD86 (B7.2) ligands, 
which are expressed in antigen-presenting cells (Contardi 
et al. 2005). The pioneer neoplasm that was successfully 
treated with anti-CTLA-4 was melanoma (U.S. Food 
and Drug Administration, 2023). Thanks to the prom-
ising results in respect of this neoplasm, this branch of 
immunotherapy has been tested as a neoadjuvant or 
adjuvant option and for treating advanced metastatic dis-
ease in numerous other solid tumors (Keung and Wargo, 
2019). There are currently two drugs being tested in anti-
CTLA-4 clinical trials for urothelial carcinoma: ipili-
mumab and tremelimumab.

The current study aimed to molecularly classify the 
high-grade, muscle-invasive, urothelial carcinoma cases 
of the basal, luminal, and p53-like subtypes diagnosed 
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between 2016 and 2018 in our institution and to describe 
their relationship with CTLA-4 and PD-L1 expression. 
The classification proposed by Choi et al. (2014) was cho-
sen because it uses immunohistochemistry, a technique 
that is widely available in surgical pathology laboratories, 
making it feasible even in the context of Brazil’s public 
health service, the Unified Health System (SUS, Sistema 
Único de Saúde).

Materials and methods
From 01/01/2016 to 12/31/2018, 302 transurethral 
resections (TUR) of the bladder were performed at the 
Hospital Central da Irmandade da Santa Casa de Mis-
ericórdia de São Paulo. For this study, the eligibility cri-
teria was first diagnosis of high-grade, muscle-invasive 
urothelial carcinomas with no prior treatment, totalizing 
60 samples. Recurrent cases were not included. Three 
cases were excluded from the study due to patients hav-
ing sample specimens being withdrawn from the labo-
ratory or a lack of representative samples. Therefore, 
57 TUR specimens were included. In the histological 
slides, two areas of each sample that were the most rep-
resentative were demarcated for making blocks using the 
tissue microarray (TMA) technique. Tumors were sam-
pled in duplicates to minimize the possibility of loss. A 
36-sample silicone mold was used (Tissue Microarray 
Mold, 3 mm mold, 36 cores – TED PELLA®). To include 
all samples, four paraffin blocks were made (Fig. 1). The 
immunohistochemical reactions were then conducted for 
CK5/6 (D5/16 B4 Dako®), CK20 (Ks20.8 Dako®), CD44 
(MRQ-13 Dako®), p53 (Dako® Omnis) and p63 (Dako® 
Omnis), in addition to CTLA-4 (CAL49 Leica®) and 
PD-L1 (Ventana® PD-L1-SP142), for molecular classifica-
tion purposes. The reactions were performed according 

to the manufacturer’s instructions, using EnVision Flex 
target retrieval solution high pH (50x).

The classification into the basal, luminal and p53-like 
subtypes were performed as shown in Table  1. A basal 
subtype was considered in those cases where there was 
positivity for CK5/6 and CD44, but with a negative 
result for CK20. The luminal subtype was characterized 
by CK20 expression, in the absence of CK5/6 and CD44 
expressions. Finally, the p53-like subtype was found in 
cases where there was a strong p53 expression, in the 
absence of a specific pattern for the other reagents.

Due to the absence of a protocol for interpreting the 
CTLA-4 results in urothelial carcinomas, its expression 
in tumor cells and immune cells from the tumor’s micro-
environment were considered, similarly to the criteria 
established at Ventana® PD-L1 (SP142) Assay Interpreta-
tion Guide for Urothelial Carcinoma. Thus, in order for 
the result to be considered positive, there needed to be 
membrane detection of PD-L1 in over 5% of viable tumor 
cells (TPS score) or any expression pattern in over 5% of 
immune cells from the tumor’s microenvironment (IC 
score).

For the statistical analysis, the Pearson´s chi-squared 
test and Fisher´s Exact test were used (Software SPSS 
25.0) A significance level of p < 0.05 was considered. This 
project was submitted to and approved by the institu-
tion’s Research Ethics Committee (CEP, Comitê de Ética 
em Pesquisa), under registration number 3,180,218 in the 
national Plataforma Brasil (“Brazil Platform”).

Results
About half of the cases (29 samples) had a basal molec-
ular profile (50.9%). The luminal profile was found in 
17 specimens (29.8%) and the p53-like profile in nine 
(15.8%) (Figs.  2, 3 and 4). Two samples were negative 
for all reagents, not belonging to any of these groups 
and therefore being classified as an “undefined” profile 
(3.5%). Squamous differentiation was found in 11 sam-
ples, eight of them showing basal molecular profile and 
three belonging to p53-like group. None of the luminal 
samplespresented squamous areas, establishing a statisti-
cally significant relationship between the basal molecular 
profile and the squamous morphology (p = 0,003).

Fig. 1  Paraffin blocks built for tissue microarrays

Table 1  Expression distribution of immunohistochemical 
markers according to molecular subtypes

Legend: CK Cytokeratin 5/6, CD Cluster of differentiation 44, CK20 Cytokeratin 20

CK5/6 CD44 p63 CK20 p53

BASAL + + +  - -/+

LUMINAL  -  - +/- + +/-

p53-like +/- +/- +/- +/- +
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Positivity for CTLA-4 occurred in 24 samples (42.1%). 
Cytoplasmic and membrane expression was observed 
only in neoplastic cells (Fig.  5). There was no signifi-
cant expression of this reagent in immune cells from the 
tumor’s microenvironment in our specimens.

Of the 24 samples expressing CTLA-4, 11 were of 
the luminal subtype, ten were of the basal subtype, 
and three were of the p53-like subtype. No case clas-
sified as an undefined molecular subtype was positive 
for this reagent (Table  2). When comparing the basal 

Fig. 2  Basal molecular profile. Expression of CK5/6 (A) and focal expression of CD44 (B); lack of expression of CK20 (C). Technique: 
immunohistochemistry. Magnification: 200x

Fig. 3  Luminal molecular profile. Lack of expression of CK5/6 (A) and CD44 (B); marked expression of CK20 (C). Technique: immunohistochemistry. 
Magnification: 200x

Fig. 4  p53-like molecular profile. Lack of expression of CK5/6 (A), CD44 and CK20; strong and diffuse expression of p53 (B). Technique: 
immunohistochemistry. Magnification: 200x
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and luminal subgroups, the result was statistically 
significant (p = 0.047), hence an association between 
CTLA-4 expression and luminal classification could 
be established, as well as an association between the 
absence of CTLA-4 expression and the basal profile. 
The association between the CTLA-4 result and the 
p53-like or undefined profiles was not statistically 
significant.

Positivity for PD-L1 occurred in 12 samples (21%). 
Despite the 5% cuttoff, all of them presented more 
than 25% of positivity and 8 of them (66% of positive 
samples) were high expressors with more than 50% of 
membrane detection (Figs. 6, 7 and 8). The 45 patients 
left were completely negative. Ten of them were classi-
fied as basal subtype (83,33%), one was luminal (8,33%) 
and the last was p53-like (8,33%). No case classified as 
an undefined molecular subtype was positive for this 
reagent either (Table 3).

When comparing CTLA-4 and PD-L1 expressions, 
an excluding pattern was observed (Table 4). Only one 
sample was positive for both markers, while 23 were 
positive only for CTLA-4 and 11 were positive only for 
PD-L1 (p = 0,008).

Discussion
To date, there is no consensus on either how the molecu-
lar classification of this neoplasm should be carried out 
or its repercussion for therapy and clinical use. Research 
in recent years has involved gene studies by molecu-
lar methods or by means of immunohistochemical 
expression (Williamson et al. 2022) Despite the recently 

Fig. 5  CTLA-4 expression in neoplastic cells, showing no positive immune cells from the tumor’s microenvironment. Technique: 
immunohistochemistry. Magnification: 200x (A), 400x (B)

Table 2  Distribution of cases according to molecular profile and CTLA-4 expression. p = 0.047

Legend: CTLA Cytotoxic T-lymphocyte-associated antigen-4

Profile Positive CTLA-4 Negative CTLA-4 Total

No. % No. % No. %

Undefined 0 0.0 2 6.06 2 3.51

Basal 10 41.67 19 57.58 29 50.88

Luminal 11 45.83 6 18.18 17 29.82

p53-like 3 12.50 6 18.18 9 15.79

Total 24 100.0 33 100.0 57 100.0

Fig. 6  PD-L1 negative. Technique: immunohistochemistry. 
Magnification: 200x
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published consensus on molecular classification of 
urothelial carcinomas, we have adopted the classifica-
tion by Choi et  al. (2014), i.e. subdividing samples into 
the basal/luminal/p53-like subtypes, because of its repro-
ducibility by immunohistochemistry, which is currently a 

widely available technique in surgical pathology laborato-
ries used by the public health service in Brazil.

Of the 57 cases analyzed, only two (3.5%) could not 
be classified as per Choi et al. (2014), since all reactions 
were negative. This may have occurred either due to poor 
specimen fixation, thereby technically impairing the suc-
cess of the reaction, or because these are distinct, less 
frequent molecular subtypes. Accordingly, we found that 
96.5% of the TUR samples could be classified molecularly 
in the laboratory routine.

Just over half of our samples (50.9%) corresponded to 
the basal subtype. The luminal profile was found in 29.8% 
of the cases, and the p53-like profile in 15.8%. This dis-
tribution pattern was to be expected, since there are 
reports that the luminal subtype is related to non-inva-
sive urothelial carcinoma and, to a lesser extent, to inva-
sive neoplasm. In contrast, the basal subtype is described 
as being more aggressive, usually seen in muscle-invasive 
disease and rarely occurring in samples where the lamina 
propria is not affected (Warrick et  al. 2016; Williamson 
et  al. 2022). Since our samples were limited to muscle-
invasive cases, the predominance of the basal pattern 
corroborates these findings.

There are no guideline or manuals for interpreting 
CTLA-4 expression in urothelial carcinoma, as is the 
case with PD-1 and PD-L1. Studies involving this reagent 
usually address its expression in immune cells from the 
tumor’s microenvironment or in neoplastic cells a hemat-
opoietic origin (Dhariwal et  al. 2019; Signorelli et  al. 

Fig. 7  PD-L1 positive in neoplastic cells. Technique: 
immunohistochemistry. Magnification: 200x

Fig. 8  PD-L1 high expression in neoplastic cells. Technique: 
immunohistochemistry. Magnification: 200x

Table 3  Distribution of cases according to molecular profile and PD-L1 expression. p = 0,036

Legend: PD-L1 Programmed death ligand 1

Profile PD-L1 Positive PD-L1 Negative Total

Nº % Nº % Nº %

Undefined 0 0.0 2 4.44 2 3.51

Basal 10 83.33 19 42.22 29 50.88

Luminal 1 8.33 16 35.56 17 29.82

p53-like 1 8.33 8 17.78 9 15.79

Total 12 100.0 45 100.0 57 100.0

Table 4  Comparison between CTLA-4 and PD-L1 expressions. 
p = 0.008

Legend: CTLA Cytotoxic T-lymphocyte-associated antigen-4, PD-L1 Programmed 
death ligand 1

PD-L1 Positive PD-L1 
Negative

Total

CTLA-4 Positive 1 23 24

CTLA-4 Negative 11 22 33

Total 12 45 57



Page 7 of 8Pereira et al. Surgical and Experimental Pathology            (2023) 6:17 	

2019). Dum et  al. (2022), for example, report urothelial 
carcinoma as being one of the solid tumors with higher 
density of CTLA-4 positive in immune cells. Contardi 
et  al. (2005) reported, however, CTLA-4 expression by 
immunohistochemistry in osteosarcoma and breast car-
cinoma cells, while the non-neoplastic population in 
these same samples was negative. Their study discusses 
the importance of evaluating CTLA-4 expression in solid 
neoplasms, which suggests that these cells can bind to 
CD80 and CD86, culminating in the inhibition of the 
immune system (Contardi et  al. 2005). In our sample 
series, no case was positive for CTLA-4 in at least 5% of 
the immune cells from the tumor’s microenvironment; 
however, 42.1% of the samples had over 5% of their neo-
plastic cells testing positive, from moderate to strong 
intensity. Thus, we emphasize the importance of also 
identifying this protein in tumor cells.

We found a statistically significant relation associating 
CTLA-4 positivity to the luminal subgroup of Choi et al. 
(2014) (p = 0.047). There is a lack of studies in the litera-
ture in respect of this association. The possibility of a 
treatment with anti-CTLA-4 drugs is a recent discovery, 
especially in the context of urothelial carcinoma. Clinical 
trials focusing on this therapy, albeit with partial results, 
usually recruit patients with advanced or metastatic neo-
plasms, without discriminating molecular subgroups 
(Felsenstein and Theodorescu 2018; Andrews et al. 2019). 
More recently studies have been investigating if there is 
room for immunotherapy in the treatment of localized 
muscle-invasive urothelial carcinomas (Peyrottes et  al. 
2021). In a context in which these drugs are released, 
the relation between CTLA-4 expression and molecular 
classification, as herein more specifically associated to 
the luminal subtype, will provide fundamental data for 
establishing more effective diagnostic and therapeutic 
protocols.

PD-L1 expression showed a statistically significant rela-
tionshipwith the basal subtype (p = 0.036). Some authors 
have reported PD-L1 expression in urothelial carcinomas 
with squamous differentiation (Reis et  al. 2019). Since 
this morphology is associated with basal molecular sub-
type, these variables can be linked. In 2020, Kim et  al. 
published an article that, for the first time, analyzed the 
association of immunohistochemically defined basal-
squamous-like and non-basal-squamous-like subtypes 
with PD-L1 expression, for both SP142 and SP263. In his 
study, the expression of PD-L1 was significantly associ-
ated with the basal-squamous-like profile (p < 0,001), as 
is described here. As PD-L1 blockades are used as stand-
ard therapy for patients with advanced stage and both 
squamous differentiation and basal molecular profile are 
related to more aggressive disease, these findings may be 
important for immunotherapy.

There is a lack of information in the literature about 
the expressions of CTLA-4 and PD-L1 simultaneously. 
Our results evidenced that urothelial carcinomas may 
express only one of them (p = 0.008). There are a few 
studies testing the use of both anti-PD-L1 and anti-
CTLA-4 in advanced bladder cancer, with more prom-
ising results than the monotherapy, such as described 
by Stockem et al. 2023. Simultaneous expressions were 
rare in our sample collection and given the many on-
going studies for the clinical use of anti-PD-L1 and 
anti-CTLA-4 drugs, these findings become immedi-
ately relevant.

Conclusions
It was possible to molecularly classify 96.5% of the 
cases of high-grade, muscle-invasive, urothelial carci-
nomas into the subtypes defined by Choi et al. (2014), 
using immunohistochemistry. Thus, this type of clas-
sification is viable in most surgical pathology labo-
ratories, including those used by SUS, Brazil’s public 
health system. The basal subtype is the most prevalent, 
accounting for 50.9% of our samples. The luminal sub-
type ranks second, with 29.8% of the cases, and the 
p53-like subtype, less frequent, corresponding to 15.8%. 
CTLA-4 positivity was related to the luminal molecular 
subtype, while PD-L1 positivity was related to the basal 
molecular subtype. CTLA-4 and PD-L1 positivity seem 
to be mutually exclusive and were not identified in the 
same samples or same subtypes, considering our sam-
ple collection.
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