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ABSTRACT

Background. Tumor human leukocyte antigen class I

(HLA-I) expression plays an important role in T cell-me-

diated tumor rejection. Loss of HLA-I is associated with

cancer progression and resistance to immunotherapy,

including antibodies blocking programmed death-1/pro-

grammed death-ligand 1 (PD-1/PD-L1) signaling. Our

objective was to analyze a correlation between HLA-I,

tumor immune infiltration, and PD-L1/PD-1 axis in bladder

cancer in association with the clinicopathologic features of

patients.

Methods. We analyzed 85 cryopreserved bladder tumors

by immunohistochemistry to investigate the expression of

HLA-I, PD-L1, PD-1, CD3, CD8, and CXC chemokine

receptor 4 (CXCR4). The results were correlated with

tumor stage and other clinicopathologic variables of

patients.

Results. We found a strong positive correlation between

tumor HLA-I expression and infiltration with CD3? and

CD8 ? T cells. PD-L1 expression was positive in 15.5% of

tumors and heterogeneous in 40.5%, and was linked to a

more advanced tumor stage. The majority of HLA-I-

positive/heterogeneous tumors also expressed PD-L1 and

PD-1, which were significantly correlated with each other

and with lymphocyte infiltration. Interestingly, the analysis

of the simultaneous expression of both markers revealed

that 85.2% of tumors with a positive/heterogeneous HLA-I

phenotype and negative for PD-L1 were mostly non-inva-

sive, representing a ‘tumor rejection’ immune phenotype.

Conclusions. High tumor HLA-I expression with absence

of PD-L1 provides bladder cancer with an immune rejec-

tion mechanism. Evaluation of PD-L1 and HLA-I together

should be considered in bladder cancer and may provide a

new predictive biomarker of tumor invasiveness and of the

response to ‘immune checkpoint’ therapy.

Bladder cancer is currently the eleventh most diagnosed

tumor worldwide, with an age-adjusted incidence rate

(100,000 habitants/year) of 8.9 for men and 2.2 for women.

In the EU, this incidence rate is 27 for men and 6 for

women, with the highest frequency reported in Spain (41.5

for men and 4.8 for women), and the lowest incidence

reported in Finland (18.1 for men and 4.3 for women).1–3

Approximately 75% of patients with bladder cancer have

non-muscle-invasive disease, i.e. tumors confined to the

mucosa (stage Ta, CIS) or submucosal areas (stage T1).

These tumors have a high occurrence due to a longer sur-

vival period and reduced risk of mortality compared with

muscle-invasive tumors (stages T2–T4).2
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Despite advances in the prevention of the disease and its

progression, it is difficult to predict a benign or more

aggressive course of the disease. A better understanding of

the mechanisms of the immune control over tumor pro-

gression and the routes of cancer immune escape may help

to predict tumor behavior and develop new biomarkers of

cancer evolution.4

The cells of the immune system infiltrate into the tumor

mass and tumor microenvironment, leading to the activa-

tion of complex interactions with the tumor cells and

modulating the ability of the tumor to grow and dissemi-

nate.5 The antitumor immune response usually requires

activation of CD8 ? T lymphocytes with tumor antigenic

peptides presented by the cell surface human leukocyte

antigen class I (HLA-I) complex. At the same time,

CD4 ? T cells can stimulate the function of CD8 ? T

lymphocytes or negatively regulate the infiltration of these

cells into the tumor via upregulation of co-inhibitory

molecules, including cytotoxic T-lymphocyte-associated

protein 4 (CTLA-4), PD-L1 and PD-1, and by production

of immunosuppressive cytokines (transforming growth

factor-b, interleukin-10).6–9

Frequently, tumor cells lose normal cell surface

expression of HLA-I molecules by different molecular

mechanisms. It is one of the key routes of immune escape

allowing cancer cells to proliferate and develop tumor

nodes with high metastatic capacity and low immuno-

genicity.10 These HLA-I alterations have been described in

different types of cancer, including bladder cancer, with

different frequency, ranging from 15% in renal cancer to

80% in colorectal cancer.11,12 These alterations can pro-

duce a total or partial HLA-I loss (HLA-I haplotype or loss

of a specific allele) and can be classified into genetic/ir-

reversible and regulatory/reversible defects.13 HLA-I

downregulation produced by regulatory alterations can be

corrected by cytokines, but genetic aberrations in HLA-I

genes can cause a resistance to cancer immunotherapy.

Along with mutations/deletions in the b2-microglobulin

(B2M; a light chain of the HLA-I complex), loss of genetic

material (or loss of heterozygosity [LOH]) in chromosomes

6 and 15 (HLA-I heavy chain and B2M gene areas,

respectively) represents the main molecular mechanisms

leading to irreversible or ‘hard’ HLA-I aberrations.14,15 In

bladder cancer, we have previously reported a coordinated

downregulation of tumor expression of HLA-I heavy chain,

B2M, and antigen-processing machinery (APM) compo-

nents as a mechanism of low HLA-I expression.16 In

addition, we detected a high incidence of LOH at chro-

mosomes 6 and 15, which was even greater in recurrent

tumors after Bacillus Calmette-Guerin (BCG)

immunotherapy.17 Therefore, although urothelial

carcinoma is immunotherapy responsive, the outcome can

be compromised by immune escape of structural alterations

causing HLA-I altered expression.

In the tumor microenvironment, there are important

mechanisms of the negative control of T-cell activation,

including the PD-L1/PD-1 axis of immunosuppression.7–9

New strategies of immunotherapy against cancer are based

on blocking these ‘immune checkpoints’, leading to T-cell

activation and promoting more potent antitumor immune

responses.6 Since T cells play a key role in elimination of

malignant cells, tumor HLA-I expression may predeter-

mine a successful anti-PD-1/PD-L1 therapy.

However, there are no reports analyzing the role of the

co-expression of tumor HLA-I and PD-L1/PD-1 molecules

in the search for biomarkers linked to cancer progression

and response to checkpoint blockade in bladder cancer.

In this study, we analyzed the expression of HLA-I and

PDL-1 in non-metastatic bladder cancer, both alone and

together, in correlation with tumor immune infiltration and

in association with the clinicopathologic features of

patients.

MATERIALS AND METHODS

Patients and Tumor Samples

Overall, 85 bladder tumor samples were collected (be-

tween 1999 and 2014) from patients after transurethral

resection of the bladder in the Urology Department of the

University Hospital Virgen de las Nieves, Granada, Spain.

Median follow-up time was more than 5 years. Demo-

graphic, clinical, and histological characteristics of the

studied subjects and tissue samples are summarized in

Table 1. Prior to the study, all medical records and tumor

sections were reviewed by a uro-oncologist and a surgical

pathologist. Signed informed consent, approved by the

TABLE 1 Summary of the clinicopathologic characteristics of

patients

Age, years (average) 69 (27–88)

Sex 68 males

17 females

Tumor type 54 primary tumors

30 recurrent tumors

Grade 1:36

2:7

3:41

Stage Ta:22

T1:32

T2:30
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Ethics Committee of our institution, was obtained from all

the patients. Tumor samples were stored in liquid nitrogen

until immunohistological analysis was performed.

TNM stage was defined according to the classification of

the Union for International Cancer Control (UICC),18 and

tumor stage was determined according to the classification

of the World Health Organization (WHO) and the Inter-

national Society of Urological Pathology consensus.19

Immunohistological Analysis of Bladder Tumor

Samples

Cryopreserved tumor tissue sections 4–8 lm-thick were

allowed to dry at room temperature for 4–18 h, fixed in

acetone at 4 �C for 10 min, and stored at - 40 �C until

immunohistological analysis using the Biotin-Streptavidin

System (supersensitive Multilink HRP/DAB kit; Bio-

Genex, The Hague, The Netherlands).

Using specific mouse monoclonal antibodies, we ana-

lyzed tumor expression of the following molecules: HLA-I

heavy chain/B2M cell surface complex (85 tumors; w6/32

antibody, a gift from Dr. Bodmer, Imperial Cancer

Research Fund Laboratories, London, UK), lymphocyte

infiltration (71 tumors; anti-CD3, clone F7.2.38 and anti-

CD8, clone C8/144B, both from Dako, Glostrup, Den-

mark), PD-L1 (84 tumors; anti-human B7-H1, 29E.2A3

[AbD Serotec] and clone 22C3 [Merck]), PD-1 (60 tumors;

BioSciences, and CXCR4 (59 tumors; Abcam). Immuno-

labeled tissue sections were further scanned and analyzed

using a ‘Panoramic Scanner MIDI II’ and ‘Panoramic

Viewer’ (3DHISTECH Ltd). Expression of the tumor-in-

filtrating lymphocyte markers was analyzed within the

tumor mass. Total HLA-I loss was considered when\ 25%

of tumor cells were stained, heterogeneous when 25–75%

of tumor cells were positive, and positive when[ 75% of

tumor cells were labeled with W6/32 mAbs, according to

the criteria established by the HLA and cancer component

of the 1996 International Histocompatibility Workshop.20

PD-L1 expression was defined as positive in tumor cells

showing a membranous staining of any intensity in[ 25%

of tumor cells, heterogeneous when between 5 and 25% of

tumor cells were labeled positively, and negative when

\ 5% of tumor cells were positive.21

Statistical Analysis

The relationship between qualitative variables was

analyzed using Pearson’s Chi square test with correction

for continuity, or Fisher’s exact test in cases when the

validity criteria were not reached ([ 20% of the expected

frequencies\ 5).

Differences were considered statistically significant at

p\ 0.05. The data were analyzed using the statistical

software IBM SPSS Statistics 19 (IBM Corporation,

Armonk, NY, USA).

RESULTS

We analyzed bladder tumor samples by immunohisto-

chemistry in order to establish the association between

different characteristics of tumor immunogenicity, immune

infiltration, and microenvironment (Table 2).

Depending on the pattern of immunolabeling of tumor

tissues using antibodies against HLA-I, PD-1, PD-L1, and

CXCR4 proteins, we were able to distinguish three types of

immunolabeling patterns for each of the molecules—pos-

itive, negative, and heterogeneous (Fig. 1a, b). For the

statistical analysis, in some cases we combined HLA-I and

PD-L1 positive and heterogeneous tumors and compared

them with negative tumors. Statistically significant differ-

ences were mostly found when we compared negative

tumors with a group of tumors with positive and hetero-

geneous patterns.

In this study, the presence of tumor-infiltrating CD3 ?

and CD8 ? T lymphocytes is important in the context of

tumor HLA-I and PD-L1 expression. We therefore focused

mostly on the analysis of intra-tumor infiltration, which has

high prognostic and immunological value in cancer. In all

of the studied tissue samples, high HLA-I expression cor-

related with strong T-cell infiltration within the tumor mass

with insignificant presence of T cells on the invasive tumor

margin, which is similar to our previous observations in

other types of cancer.22

The percentage of tumors with negative HLA-I expres-

sion was 17.6%. A similar frequency was noted in tumors

with heterogeneous HLA-I expression, while the majority

of tumors were positive (64.7%). However, the anti-HLA-I

antibody that we used in this study only recognizes the cell

TABLE 2 Summary of the immunohistological analysis of bladder

tumors using different antibodies

HLA-

I

PD-

L1

PD-1 CD3 CD8 CXCR4

Positive 64.7%

(55)

15.5%

(13)

28.3%

(17)

52.1%

(37)

52.1%

(37)

23.7%

(14)

Negative 17.6%

(15)

44%

(37)

66.7%

(40)

47.9%

(34)

47.9%

(34)

67.8%

(40)

Heterogeneous 17.6%

(15)

40.5%

(34)

5%

(3)

8.5%

(5)

Total 85 84 60 71 71 59

HLA-I human leukocyte antigen class I, PD-L1 programmed death-

ligand 1, PD-1 programmed death-1 CDx cluster of differentiation x,

CXCR4 CXC chemokine receptor 4
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surface complex of the HLA-I heavy chain associated with

the B2M light chain. Most likely, many of the analyzed

tumors have additional HLA-I locus and/or allelic losses,

which cannot be detected with this antibody.

We found a significant correlation between tumor HLA-

I expression and infiltration with CD3 ? and CD8 ? T

cells. Overall, 59.3% of tumors with positive/heteroge-

neous HLA-I expression had a high degree of lymphocyte

infiltration, compared with 16.3% of HLA-I-negative

tumors (p = 0.007) (Table 3).

Tumor infiltration also had a positive correlation with

PD-L1 and PD-1 expression. The highest incidence of PD-

L1 expression was detected in tumors with greater lym-

phocyte infiltration, while most of the PD-L1-negative

tumors were not infiltrated with CD3 ?/CD8 ? T cells

(p = 0.038) (Table 4). Even higher statistical significance

was found between tumor T-cell infiltration and PD-1

expression, indicating that most of the tumor-infiltrating

CD3 ? and CD8 ? T lymphocytes express these co-in-

hibitory molecules (p\ 0.001) (Table 5).

Interestingly, 79.3% of stage T2 tumors had positive or

heterogeneous PD-L1 expression compared with Ta and T1

tumors, where this expression pattern was found in only

44.4% of cases (p = 0.002) (Table 6). These data suggest

that more aggressive tumors use PD-L1 expression as an

immune escape mechanism to advance to muscle-invasive

stage T2.

When we analyzed co-expression of HLA-I and PD-L1,

we found that almost half of the studied tumors were

positive/heterogeneous for both HLA-I and PD-L1, and

approximately one-third were HLA-I-positive/PD-L1-

VR-152

)-( 8DC)+( 1L-DP)-( I-ALH

VR-136

HLA-I (+)

PD-L1
(Heterogeneous)

PD-1 (-)

CD8 (+)

CXCR-4 (+)

(A)

(B)

FIG. 1 a Representative

images of bladder cancer tissue

immunostaining with antibodies

directed against HLA-I (w6/32

mAb), PD-L1, and CD8.

b Representative images of

bladder cancer tissue

immunolabeling with antibodies

directed against HLA-I (w6/32

mAb), PD-L1, PD-1, CD8, and

CXCR4. HLA-I human

leukocyte antigen class I, PD-L1

programmed death-ligand 1,

PD-1 programmed death-1,

CD8 cluster of differentiation 8,

CXCR4 CXC chemokine

receptor 4

TABLE 3 Correlation between HLA class I expression and tumor

infiltration with CD3 ? and CD8 ? T lymphocytes

CD3/CD8

[positive]

CD3/CD8

[negative]

Total

HLA-I [positive/

heterogeneous]

35 (59.3) 24 (40.3) 59

HLA-I [negative] 2 (16.7) 10 (83.3) 12

p = 0.007

Data are expressed as n (%)

HLA-I human leukocyte antigen class I

2634 J. F. Flores-Martı́n et al.



negative. The double-negative and HLA-I-negative/PD-

L1-positive/heterogeneous groups together represented

approximately 20% of tumors (Fig. 2).

Tumors positive/heterogeneous for both HLA-I and PD-

L1 demonstrated a significantly higher degree of tumor

lymphocyte infiltration (68.5%, p = 0.004) (Table 7) and

increased expression of PD-1 (51.5%, p = 0.001) (Table 8)

compared with the remaining cases. None of the double-

negative tumors showed any presence of infiltrating lym-

phocytes (p\ 0.01) (Table 9).

In double-positive tumors, we observed an almost even

number of muscle non-invasive tumors at stage Ta/T1

(51.2%) and muscle-invasive tumors at stage T2 (48.8%),

compared with the remaining cases (p = 0.009) (Table 10).

Notably, among tumors with the HLA-I-positive/PD-L1-

negative phenotype, there were more superficial tumors at

stage Ta/T1 (85.2%) and fewer tumors at the more

advanced T2 stage (14.8%; p = 0.004) (Table 11). In

addition, we did not find any significant correlation

between the immunohistological data and tumor grade or

recurrence.

DISCUSSION

The role of altered tumor antigen presentation and HLA-

I expression has recently attracted a lot of attention in light

of cancer resistance to immunotherapy, especially to

immune checkpoint inhibitors. Emerging data suggest that

alterations in tumor antigen presentation can be a mecha-

nism to evade antitumor immunity after immune

checkpoint blockade.

In this study, using tumor immunohistology, we char-

acterized HLA-I and PD-L1/PD-1 molecule expression, as

well as lymphocyte infiltrate, in 85 bladder tumors, in

correlation with the clinicopathologic features of patients.

Although the majority of the tumors were positive for cell

TABLE 4 Correlation between tumor immune infiltration and PD-

L1 expression

PD-L1 [positive/

heterogeneous]

PD-L1

[negative]

Total

CD3/CD8

[positive]

26 (72.2) 10 (27.8) 36

CD3/CD8

[negative]

15 (44.1) 19 (55.9) 34

p = 0.038

Data are expressed as n (%)

PD-L1 programmed death-ligand 1, CDx cluster of differentiation x

TABLE 5 Correlation between tumor immune infiltration and PD-1

expression

PD1 [positive/

heterogeneous]

PD1

[negative]

Total

CD3/CD8

[positive]

16 (55.2) 16 (44.8) 29

CD3/CD8

[negative]

2 (7.1) 26 (92.9) 28

p\0.001

Data are expressed as n (%)

PD-1 programmed death-1, CDx cluster of differentiation x

TABLE 6 Correlation between tumor PD-L1 expression and tumor

stage

PD-L1 [positive/

heterogeneous]

PD-L1

[negative]

Total

Ta

and T1

24 (44.4) 30 (55.5) 54

T2 23 (79.3) 6 (21.7) 29

p = 0.002

Data are expressed as n (%)

PD-L1 programmed death-ligand 1

60%
HLA-I (Positive/
Heterogeneous
PD-L1 (Positive/
Heterogeneous)

HLA-I (Positive/
Heterogeneous)/
PD-L1 (Negative)

HLA-I (Negative)/
PD-L1 (Positive/
Heterogeneous) HLA-I (Negative)/

PD-L1 (Negative)

50%

40%

30%

20%

10%

0%

Incidence of tumors with different HLA-I/
PD-L1 co-expression phenotypes (%)

(N=84)

FIG. 2 Incidence of tumors with different HLA-I/PD-L1 co-

expression phenotypes. HLA-I human leukocyte antigen class I, PD-

L1 programmed death-ligand 1

TABLE 7 Correlation between positive/heterogeneous HLA-I and

PD-L1 and lymphocyte infiltration

CD3/CD8

[positive]

CD3/CD8

[negative]

Total

HLA-I [positive/heterogeneous]/

PD-L1 [positive/heterogeneous]

24 (68.6) 11 (31.4) 35

Remaining cases 12 (34.3) 23 (65.7) 35

p = 0.004

Data are expressed as n (%)

HLA-I human leukocyte antigen class I, PD-L1 programmed death-

ligand 1
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surface HLA-I, approximately 17.6% of the tumors

demonstrated total loss of HLA-I expression. This number

is similar to the previously reported percentage of total

HLA-I in bladder tumors (25%).12 In this study, we did not

analyze partial locus or allelic HLA-I alterations since we

used only one antibody that recognizes a complex of HLA-

I heavy chain and B2M on the surface of the tumor cells

(W6/32).14

An important observation of this study is the strong

correlation between HLA-I expression and tumor infiltra-

tion with CD3 ? and CD8 ? lymphocytes. In a recent

publication, we described a similar correlation in lung

cancer.21

Regarding the expression of PD-L1 in bladder cancer,

there are different reports describing both positive and

negative immunolabeling patterns. In our study, the

majority of the tumors were positive or heterogeneous for

PD-L1 expression, most of which had more advanced

stage, suggesting that more aggressive tumors use PD-L1

expression as an immune escape mechanism to advance to

a muscle-invasive stage. Based on published literature, the

prognostic value of tumor PD-L1 expression is controver-

sial and there is a lack of consensus on the utility of testing

for PD-L1 as a predictive biomarker. According to some

authors, PD-L1 expression appears to increase in higher-

grade, more advanced disease, and patients with no PD-L1

expression derive some clinical benefit. On the other hand,

high tumor PD-L1 expression may also be associated with

an increased chance of response to immunotherapy with

anti-PD-L1 antibodies, although some phase III trials have

not shown PD-L1 to be a reliable predictive marker.23,24

Based on knowledge regarding the role of HLA-I

expression in tumor rejection, and of the PD-L1/PD-1 axis

in negative regulation of T-cell activation, one could

hypothesize that the HLA-I-positive/PD-L1-negative tumor

immunophenotype may promote cancer immune rejection

at the early stages of bladder cancer development. Perhaps,

at later stages, the emergence of another tumor phenotype

(HLA-I-negative/PD-L1-positive) could facilitate tumor

immune escape and progression,21 as well as metastatic

dissemination. The accumulation of HLA-altered tumor

TABLE 8 Correlation between positive/heterogeneous HLA-I and

PD-L1 and expression of PD-1

PD-1

[positive/

heterogeneous]

PD-1

[negative]

Total

HLA-I [positive/

heterogeneous)/PD-L1

[positive/heterogeneous]

17 (51.5) 16 (48.5) 33

Remaining cases 3 (11.1) 24 (88.9) 27

p = 0.001

Data are expressed as n (%)

HLA-I human leukocyte antigen class I, PD-L1 programmed death-

ligand 1, PD-1 programmed death-1

TABLE 9 Correlation between negative HLA-I and PD-L1

expression and lymphocyte infiltration

CD3/CD8

[positive]

CD3/CD8

[negative]

Total

HLA-I [negative]/PD-L1

[negative]

0 (0) 6 (100) 6

Remaining cases 36 (56.3) 28 (43.8) 64

p = 0.01

Data are expressed as n (%)

HLA-I human leukocyte antigen class I, PD-L1 programmed death-

ligand 1, CDx cluster of differentiation x

TABLE 10 Correlation between positive/heterogeneous HLA-I/PD-

L1 expression and tumor stage

Ta,

T1

T2 Total

HLA-I [positive/heterogeneous]/PD-L1

[positive/heterogeneous]

21

(51.2) 20

(48.8) 44

Remaining cases 33

(78.6) 9

(21.4) 36

p = 0.009

Data are expressed as n (%)

HLA-I human leukocyte antigen class I, PD-L1 programmed death-

ligand 1

TABLE 11 Correlation between positive/heterogeneous HLA-I and

negative PD-L1 expression and tumor stage

Ta, T1 T2 Total

HLA-I [positive/heterogeneous]/PD-L1

[negative]

23

(85.2) 4

(14.8) 27

Remaining cases 31

(55.4) 25

(44.6) 56

p = 0.004

Data are expressed as n (%)

HLA-I human leukocyte antigen class I, PD-L1 programmed death-

ligand 1
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phenotypes during metastatic progression, and resistance to

immunotherapy, has been described in other types of

cancer, including lung cancer and melanoma.25–31

We did not find any statistically significant correlation

between HLA-I and PD-L1 analyzed separately. However,

many tumors showed a heterogeneous pattern of HLA-I

and PD-L1 expression and different co-expression pheno-

types. Based on this, we classified tumors into four groups:

HLA-I-positive/PD-L1-negative, HLA-I-negative/PD-L1-

positive, double-positive, and double-negative. Statistical

analysis revealed that double-positive tumors demonstrated

a significantly higher degree of tumor lymphocyte infil-

tration, and increased expression of PD-1. This indicates

that these tumors are ‘inflamed’ with a coordinated

upregulation of various proinflammatory molecules. In this

study, we discovered that a high percentage of tumor-in-

filtrating T cells express inhibitory PD-1 molecules, which

represents a phenotype of an ‘exhausted lymphocyte’. The

incidence of tumor PD-1/PD-L1 expression in this study is

similar to a previous report.32 The expression of PD-L1 has

a significant correlation with clinical response to anti-PD-

1/PD-L1 antibody treatment in patients with melanoma and

advanced renal cell carcinoma.33,34

Patients with HLA-I-positive/PD-L1-negative tumors

demonstrated better prognosis; this immunophenotype was

more frequent among muscle non-invasive tumors. Similar

observations were reported in other types of malignancies,

including an association with a lower incidence of tumor

recurrence.35–37 This could suggest that the absence of PD-

L1 expression is an important factor of cancer rejection,

which can also serve as a predictive biomarker of less-

invasive tumors and more favorable disease course. These

data confirm the results demonstrating a positive correla-

tion between tumor PD-L1 expression alone and more

advanced tumor stage. In a small percentage of the studied

tumors (7.15%), we detected an opposite co-expression

pattern (HLA-I-negative/PD-L1-positive), which has pre-

viously been reported to be associated with more advanced

lung cancer.21

At the same time, HLA-I expression seems to be an

important factor of tumor rejection associated with

increased lymphocyte infiltration, which changes during

tumor evolution as a result of T-cell-mediated selection and

elimination of HLA-I-positive tumor cells and immune

escape of HLA-I-negative cells.17,22 The tumor HLA-I-

positive/PD-L1-positive immunophenotype may represent

an intermediate stage in this natural tumor evolution, as we

have previously described in melanoma and lung can-

cer.21,25,26 In the early stages, positive HLA-I expression

may coincide with low expression of PD-L1 (immune

rejection phenotype) and progress to an escape variant with

an HLA-I-negative/PD-L1-positive pattern in distant

metastases (Fig. 3a, b). In addition, immunotherapy seems

to induce an immune escape of tumor cells with structural

genetic HLA-I alterations, which cannot be corrected by

cytokines induced by immunotherapy. Previously, our

group reported that recurrent bladder tumors after BCG

therapy accumulate more genetic alterations in HLA-I

genes (LOH-6) than tumors prior to therapy, as a result of

T-cell-mediated immune selection.17

The new generation of cancer immunotherapy aimed at

eliminating the inhibitory axis of T-cell activation is cur-

rently being used in metastatic bladder cancer,38 but, in the

early stages of ongoing clinical trials, it has not yet

demonstrated its effectiveness.24 Our data suggest that

Immune escape phenotype (HLA-/PD-L1+)

Immune rejection phenotype (HLA-/PD-L1-)

PD-1

TCR

TCR HLA-I

T-Cell

T-Cell

Tumor Cell

Tumor Cell

PD-L1

HLA-/PD-L1+

HLA+/PD-L1+

HLA+/PD-L1-

Ta T1 T2

(A)

(B)

FIG. 3 a Schematic representation of the role of tumor HLA-I and

PD-L1 expression in cancer immune rejection and/or escape.

b Correlation between HLA-I and PD-L1 co-expression

immunophenotype and stage progression of bladder cancer. HLA-

I human leukocyte antigen class I, PD-L1 programmed death-ligand

1, TCR T-cell receptor
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simultaneous analysis of tumor HLA-I/PD-L1 expression

might help to predict bladder cancer progression and select

patients for anti-‘immune checkpoint’ immunotherapy.

CONCLUSIONS

The PD-L1/PD-1 pathway is important in cancer

immunosurveillance and can potentially serve as a pre-

dictive marker for immunotherapy. HLA-I expression on

tumor cells may also influence the success of anti-PD-1/

PD-L1 therapy since altered tumor HLA-I expression has a

high incidence in human tumors and represents a cancer

immune escape mechanism. Our results show that PD-L1 is

an independent factor of bladder cancer progression, sug-

gesting that PD-L1 may be a factor promoting localized

stage progression.

In addition, the majority of HLA-I-positive/PD-L1-

negative tumors are at a less-advanced stage. High HLA-I

is associated with greater tumor lymphocyte infiltration,

and, together with low expression of PD-L1 in bladder

cancer cells, represents a tumor rejection phenotype.

Based on the obtained results, we believe that the loss of

HLA-I, together with upregulation of PD-L1 in bladder

tumors, may be associated with poor prognosis and possi-

bly metastatic dissemination. In case of PD-L1-positive/

HLA-I-negative, more aggressive, muscle-invasive tumors,

anti-PD-L1/PD-1 antibody therapy, together with upregu-

lation of the normal expression of HLA-I (immune or gene

therapy) could improve the existing protocols of bladder

cancer treatment and for patient selection for

immunotherapy. Additional studies and clinical trials are

necessary to determine the interrelationship of HLA-I and

PD-L1 in the progression of bladder cancer.
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