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Tumor-associated macrophages (TAMs) regulate tumor immunity. Previous studies have
shown that the programmed cell death protein 1 (PD-1)-positive TAMs have an M2
macrophage phenotype. CD68 is a biomarker of TAMs and is considered to be a poor
prognostic marker of several malignancies. Our results show that PD-1-positive TAMs can
be a negative survival indicator in patients with muscle-invasive bladder cancer (MIBC),
and that the mechanistic effects could result due to a combination of PD-1 and CD68
activity. We analyzed 22 immune cell types using data from 402 patients with MIBC from
the TCGA database, and found that a high immune score and M2 TAMs were strongly
associated with poor clinical outcomes in patients with MIBC. Further, we analyzed
resected samples from 120 patients with MIBC and found that individuals with PD-1-
positive TAMs showed a reduction in 5-year overall survival and disease-free survival.
Additionally, PD-1-positive TAMs showed a significant association with higher
programmed death-ligand 1 (PD-L1) expression, the Ki67 index, the pT stage and
fewer CD8-positive T cells. Through the co-immunoprecipitation (co-IP) assay of THP-1
derived macrophages, we found that CD68 can bind to PD-1. The binding of CD68 and
PD-1 can induce M2 polarization of THP-1 derived macrophages and promote cancer
growth. The anti-CD68 treatment combined with peripheral blood mononuclear cells
(PBMC) showed obvious synergy effects on inhibiting the proliferation of T24 cells.
Together, these results indicate for the first time that CD68/PD-1 may be a novel target
for the prognosis of patients with MIBC.

Keywords: PD-1, CD68, tumor-associated macrophages, muscle-invasive bladder cancer, prognosis
May 2021 | Volume 11 | Article 6799281

https://www.frontiersin.org/articles/10.3389/fonc.2021.679928/full
https://www.frontiersin.org/articles/10.3389/fonc.2021.679928/full
https://www.frontiersin.org/articles/10.3389/fonc.2021.679928/full
https://www.frontiersin.org/articles/10.3389/fonc.2021.679928/full
https://www.frontiersin.org/articles/10.3389/fonc.2021.679928/full
https://www.frontiersin.org/articles/10.3389/fonc.2021.679928/full
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles
http://creativecommons.org/licenses/by/4.0/
mailto:gaofeng197205@outlook.com
mailto:guohuifu@shsmu.edu.cn
https://doi.org/10.3389/fonc.2021.679928
https://www.frontiersin.org/journals/oncology#editorial-board
https://www.frontiersin.org/journals/oncology#editorial-board
https://doi.org/10.3389/fonc.2021.679928
https://www.frontiersin.org/journals/oncology
http://crossmark.crossref.org/dialog/?doi=10.3389/fonc.2021.679928&domain=pdf&date_stamp=2021-05-17


Jiang et al. CD68/PD-1 Interaction in Bladder Cancer
INTRODUCTION

Bladder cancer is the most common cancer of the urinary
system that results in malignancies, and the resulting tumor
types can be classified into non-muscle invasive bladder cancer
(NMIBC) and muscle-invasive bladder cancer (MIBC) (1–3).
Cisplatin is a first-line drug for the treatment of metastatic
MIBC (4, 5). At present, there are no approved second-line
drugs for patients with MIBC who show a relapse after cisplatin
treatment; however, immunotherapy-related drugs can fill this
gap (6).

In recent years, the use of PD-1/PD-L1 inhibitors has set a
new paradigm for the treatment of patients with metastatic
bladder cancer, and who are ineligible and resistant for
cisplatin-based therapy (7). Nevertheless, the overall response
rates are still improvable (5, 7). Further, ~10% of patients with
bladder cancer treated with PD-1/PD-L1 inhibitors show rapid
progression of the disease, known as hyper-progressive disease
(8). Therefore, the mechanisms underlying the effects of these
immunotherapeutic inhibitors are unclear and require
further investigation.

PD-1 is an immunological checkpoint receptor which is
upregulated in activated T cells and is important for inducing
immune tolerance (9, 10). PD-L1 promotes the escape of tumor
cells from the immune system (9, 10). Under normal conditions,
PD-1 and PD-L1 are necessary for the maintenance of self-
tolerance and for preventing T-cell-mediated immune
stimulation (11, 12). However, cancer cells can acquire the
property of immune escape through the expression of PD-
L1 (13).

Tumor-associated macrophages (TAMs) show phenotypic
plasticity and can be classified based on the M1 and M2
phenotypes (14, 15). The M1 macrophages are responsible for
the removal of senescent/apoptotic cells and of foreign/
pathogenic substances through phagocytosis, and are involved
in the process of wound healing and tissue repair (16). The M2
macrophages are mainly involved in angiogenesis, wound
healing, chronic infection, and in promoting the genesis of
tumors and metastasis (17, 18). Recent studies have found that
TAMs also express PD-1. These PD-1-positive TAMs exhibit M2
phenotypic characteristics and can promote tumor proliferation
by suppressing tumor immunity (19).

CD68 is considered to be a valuable immunochemical marker
which is used to identify monocytes/macrophages (20). Human
CD68 belongs to the lysosomal-associated membrane protein
(LAMP) family and is located in the lysosomal membrane
though it can rapidly shuttle to the cell surface (20, 21).
Additionally, CD68 is a receptor for the malaria sporozoite
during liver infection (20, 22). However, the role of CD68 in
tumor-induced immune suppression remains unclear (20). The
expression of CD68 in both TAMs and tumor cells is related to
poor clinical outcomes in various types of cancers (23).

In this study, we aimed to identify the association betweenM2
and PD-1-positive TAMs and clinical outcomes in patients with
MIBC. Further, we hypothesized that PD-1-positive TAMs may
potentially be regulated by the CD68 and PD-1 complex.
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MATERIALS AND METHODS

Patient Samples and Ethics Statement
The experimental protocol was designed according to the ethical
guidelines of the Helsinki Declaration and was approved by the
Human Ethics Committee of Shanghai General Hospital.
Written informed consent was obtained from the individual or
the guardians of the participants, as applicable.

A total of 339 patients with bladder cancer who were resected
during 2007-2016 at the Shanghai General Hospital were
enrolled in this study. Tissue samples were formalin-fixed and
paraffin-embedded (FFPE). A total of 219 patients with bladder
cancer were excluded from the study because of incomplete
follow-up information, or because they were diagnosed as having
NMIBC and non-urothelial carcinoma. Patients were excluded if
they concurrently had HIV, other cancers, or autoimmune
diseases. Further, the data from a total of 402 patients with
MIBC from the Cancer Genome Atlas (TCGA) dataset was used
in the study.

Estimation of Immune Cell-Type Fractions
The RNA-Seq data and related clinical parameters were
downloaded from the TCGA database, including gender, age,
tumor grade, tumor stage, overall survival (OS) time, and
disease-free survival (DFS) time. Next, we used CIBERSORT
(https://cibersort.stanford.edu) to analyze the distribution of 22
tumor-infiltrating immune cell types using transcriptomic data
from the TCGA database. All 22 immune cell types were
analyzed by performing the least absolute shrinkage and
selection operator (LASSO) method, and 8 immune cell types,
including macrophage M0, macrophage M2, neutrophils,
memory B cells, CD8+ T-cells, CD4+ T-cells, follicular T helper
cells, and activated NK cells, were found to be significantly
associated with the OS of patients with MIBC (Figures 1A, B).
The immune score was calculated as follows: Macrophage
M0 * 0.5958946 + macrophage M2 * 0.5450975 + neutrophils *
0.7150930 – memory B cells * 0.1278038 – CD8+ T-cells *
1.1224256 – CD4+ T-cells * 1.3433484 – follicular T helper
cells * 0.6268039 – activated NK cells * 0.2084490.

Immunohistochemistry (IHC)
FFPE samples were recovered from paraffin and incubated in a
pressure oven for 30 min in EDTA (pH 9.0). Primary antibodies,
mainly anti-PD-1 (Affinity; 1:100), anti-CD68 (Affinity; 1:100),
anti-CD163 (Affinity; 1:100), anti-CD8 (Affinity; 1:100) and anti-
PD-L1 (Dako; 1:50), were incubated with the samples overnight
at 4°C. Next, the secondary antibodies were incubated with the
samples for 60 min at room temperature. The sections on the
slides were stained with 3, 3-diaminobenzidine and hematoxylin
and visualized.

Immunofluorescence Staining
FFPE samples were recovered from paraffin and incubated with
EDTA (pH 9.0), followed by incubation with the mouse anti-
PD-1 (Affinity; 1:100) or rabbit anti-CD68 (Abcam; 1:100)
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https://cibersort.stanford.edu
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Jiang et al. CD68/PD-1 Interaction in Bladder Cancer
antibodies overnight at 4°C. Fluorescent secondary antibodies
were labeled, and the nuclei were detected using DAPI staining.
The slides were observed using an Olympus BX600 microscope
and SPOT Flex camera.

Cell Culture
THP-1 cell lines were cultured in RPMI 1640 medium (Gibco)
supplemented with 10% fetal bovine serum (FBS, Gibco) and 1%
penicillin-streptomycin (Gibco) at 37°C. The THP-1 cells were
treated with propylene glycol methyl ether acetate (PMA, Sigma)
at 37°C for 48 hours. The THP-1 derived macrophages and T24
bladder cancer cell lines were then cultured in RPMI 1640
Frontiers in Oncology | www.frontiersin.org 3
medium (Gibco) supplemented with 10% FBS (Gibco) and 1%
penicillin-streptomycin (Gibco) at 37°C. THP-1 derived
macrophages were treated with 5µg/ml CD68 fusion protein
(Abcam) and 10 µg/ml anti-CD68 antibody (Affinity) for 12
hours at 37°C, separately. PBMC were obtained from healthy
donors and cultured in RPMI 1640 medium (Gibco)
supplemented with 10% FBS (Gibco) and 1% penicillin-
streptomycin (Gibco) at 37°C.

Western Blot
THP-1 derived macrophages and T24 were lysed for 30 min at
44°C and centrifuged for 15 min at 4°C. The supernatant from
A B
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E

C

FIGURE 1 | (A) Illustration of LASSO coefficient profiles of 22 immune cell types. (B) Cross-validation for the LASSO regression model. (C) Kaplan-Meier analysis of
OS in high and low immune score patients with MIBC in the TCGA cohort. (D) Kaplan-Meier analysis of DFS in patients with high and low immune scores with MIBC
in the TCGA cohort. (E) Heatmap of the related immune cells with high and low immune scores.
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the samples was collected and the total cell lysate protein
concentrations were determined using the Bradford protein
assay kit (Thermo Scientific). Next, equal amounts of protein
were loaded, separated, and transferred to membranes, and these
membrane-bound proteins were incubated overnight at 4°C with
anti-PD-1 (Affinity; 1:500), anti-CD68 (Abcam; 1:1000), anti-
PD-L1 (Dako; 1:500) and CD163 (Affinity; 1:1000) antibodies.
The membrane was incubated with secondary antibodies for
40 min at room temperature. The protein bands were detected
using an ECL kit (Merck Millipore).

Co-Immunoprecipitation (co-IP)
THP-1 derived macrophages were lysed in RIPA buffer for
30 min at 4°C and then centrifuged at 12,000 rpm at 4°C for
another 30 min. The lysates were incubated with protein A/G-
agarose (Pierce) for 4 h at 4°C in a pre-clearing step. Specific
antibodies were incubated overnight at 4°C, followed by an
incubation of the antibody-treated lysate with protein-A/G
agarose beads at 4°C for another 4 h. The beads were washed 6
times, mixed with loading buffer, and the eluted proteins were
further examined by immunoblotting.

Cell Viability Assay
The viability of co-culture of THP-1 derived macrophages, T24
cells and PBMCs after 12-hour treatment were assessed by the
Cell Counting Kit-8 (CCK-8, MedChemExpress) assay. THP-1
derived macrophages, T24 cells and PBMCs were well mixed and
seeded onto 96-well plates. Cells were treated with 5µg/ml CD68
fusion protein (Abcam), 10 µg/ml anti-CD68 antibody (Affinity)
and 5µg/ml nivolumab (Bristol-Myers Squibb) for 12 hours at
37°C, separately. Afterwards, each well was added CCK-8 with a
final concentration of 10% and incubated for 2 h at 37°C. The
absorbance was measured at 450 nm by the microplate
reader (Reagen).

Molecular Docking
The X-ray structures of the IgV domain of PD-1 and the
conserved LAMP-like domain of DC-LAMP of CD68 were
downloaded from the protein data bank website (www.rcsb.
orb). The X-ray structure of the LAMP-like domain of CD68
was modeled based on the X-ray structure from DC-LAMP by
using the (PS) 2v2 program (24). Based on the X-ray structure of
PD-1 and the predicted X-ray structure of the LAMP-like
domain of CD68, we used the ClusPro web server to perform
protein docking simulations.

Statistical Analysis
Statistical analysis was performed using SPSS 20.0. The OS and
DFS were analyzed via Kaplan–Meier analysis and the log-rank
test. The prognostic significance of the clinicopathological
parameters was analyzed using the chi-square test. The
Spearman correlation analysis was used to analyze the
correlation between CD68, PD-1, and PD-L1. The relationship
of PD-1-positive TAMs CD8-positive T cells was analyzed by
Student’s t-test. A p-value of <0.05 was considered to indicate a
statistically significant difference in all the tests performed.
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RESULTS

The Presence of M2 TAMs Indicated Poor
Clinical Outcomes in MIBC Patients
We analyzed the presence of 22 immune cell types in patients
with MIBC using data from the TCGA database via a LASSO
analysis, and identified 8 survival-associated immune cell types.
Further, we derived an immune score for predicting the
prognosis of patients with MIBC (Figures 1A, B). According
to the Kaplan-Meier analysis of the TCGA cohort, patients with
MIBC having high immune scores were associated with a
significantly reduced 5-year OS and DFS outcomes (p < 0.0001
and p < 0.0001, respectively; Figures 1C, D). The heatmap of the
survival, tumor stage, tumor grade, immune score, and the
profiles of different immune cells is shown in Figure 1E.
Interestingly, M2 TAMs showed a correlation with high
immune scores in the heatmap (Figure 1E). Therefore, we
further analyzed the clinical outcomes for patients with MIBC
showing the presence of M2 TAMs in the TCGA cohort. Patients
with M2 TAMs showed significantly worse 5-year OS and DFS
outcomes (p=0.015 and p=0.022, respectively; Figures 2A, B).
Furthermore, high M2 TAMs were also associated with
significantly worse 5-year OS and DFS outcomes in the
Shanghai General Hospital cohort (p < 0.0001 and p < 0.0001,
respectively; Figures 2C, D). The hazard ratio with a 95%
confidence interval is shown in the forest plots (Figures 2E–H).
PD-1-Positive TAMs Were Correlated With
Reduced Survival in Patients With MIBC
As PD-1-positive TAMs exhibit M2 characteristics, we analyzed
the clinicopathological features of PD-1-positive TAMs among
patients with MIBC that were resected at the Shanghai General
Hospital. Representative PD-1-positive TAMs and PD-L1
expression levels are shown in Figure 3A, and the patient
characteristics are listed in Table 1. PD-1-positive TAMs were
found in 47.5% of the 120 patients with MIBC. The median
follow-up duration among patients with PD-1-positive and -
negative TAM was 35 months and 60 months, respectively.
Patients with MIBC having PD-1-positive TAMs were
significantly associated with a decreased 5-year OS and DFS
(p < 0.001 and p < 0.001, respectively; Figures 3B, C). The 5-year
OS rate was estimated to be ~33.3% in patients with
PD-1-positive TAMs, and ~77.78% in patients with PD-1-
negative TAMs (Figure 3B). Additionally, the 5-year DFS rate
was ~21.1% in patients with PD-1-positive TAM compared with
~66.7% in patients with PD-1-negative TAM (Figure 3C).

Moreover, PD-1-positive TAMs were significantly correlated
with pT stage clinicopathological features (p = 0.027, Table 1).
Patients with PD-1-positive TAMs were found to exhibit higher
pT stages than those without. PD-1-positive TAMs also showed
significantly stronger PD-L1 expression (p < 0.001), a higher
Ki67 index (p = 0.003), and worse pathological patterns (p <
0.001; Table 1). Interestingly, higher PD-L1 expression levels
also resulted in poor prognosis of patients with MIBC (data
not shown).
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We investigated the response to cisplatin-based neoadjuvant
chemotherapy in patients with PD-1-positive and -negative
TAM phenotypes. Patients with MIBC who were administered
neoadjuvant chemotherapy in the pT2 stage showed a better
Frontiers in Oncology | www.frontiersin.org 5
prognosis. However, the presence of PD-1-positive and -negative
TAM did not improve the response to neoadjuvant
chemotherapy (p > 0.05, data not shown). Patients with a PD-
1-positive TAM phenotype showed a comparatively inferior
A B

D E

C

FIGURE 3 | (A) Immunohistochemical staining of PD-1-positive TAMs (red arrow), PD-1-negative TAMs (purple arrow), strong PD-L1 and weak PD-L1 expression.
(B) Kaplan-Meier analysis of OS in patients with MIBC with PD-1-positive TAMs in the Shanghai General Hospital cohort. (C) Kaplan-Meier analysis of DFS in patients
with MIBC with PD-1-positive TAMs in the Shanghai General Hospital cohort. (D) PD-1-positive TAMs showed less CD8-postive T cells nearby. ***p < 0.001 (Student’s
t-test). (E) The number of PD-1-positive TAMs showed a correlation with PD-L1 expression in the Shanghai General Hospital cohort.
A B
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FIGURE 2 | (A) Kaplan–Meier analysis of OS in patients with MIBC with M2 TAMs in the TCGA cohort. (B) Kaplan–Meier analysis of DFS in patients with MIBC with
M2 TAMs in the TCGA cohort. (C) Kaplan–Meier analysis of OS in patients with MIBC with M2 TAMs in the Shanghai General Hospital cohort. (D) Kaplan–Meier
analysis of DFS in patients with MIBC with M2 TAMs in the Shanghai General Hospital cohort. (E) Forest plot showing the hazard ratios with a 95% confidence
interval for OS in the TCGA cohort. (F) Forest plot showing the hazard ratios with a 95% confidence interval for DFS in the TCGA cohort. (G) Forest plot showing the
hazard ratios with a 95% confidence interval for OS in the Shanghai General Hospital cohort. (H) Forest plot showing the hazard ratios with a 95% confidence
interval for DFS in the Shanghai General Hospital cohort.
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response to neoadjuvant chemotherapy, which was similar to the
5-year OS and DFS outcomes in patients with PD-1-
positive TAMs.

Intriguingly, PD-1-positive TAMs showed relevance to
bladder cancer related immune response. Based on 120 MIBC
patients from Shanghai General Hospital, we found that CD8-
positve T cells were comparatively fewer around PD-1-positive
TAMs (p < 0.001; Figure 3D), indicating PD-1-positive TAMs
could be involved in bladder cancer immune response. In
addition, the number of PD-1-positive TAMs showed positive
relevance to the PD-L1 expression of bladder cancer cells (R =
0.48, p < 0.001; Figure 3E).

The Interaction of CD68 and PD-1 Induced
TAMs to M2 Polarization
Interestingly, when we further analyzed the existence of
PD-1-positive TAMs using immunofluorescence staining
on FFPE samples, CD68 and PD-1 tended to be expressed
synchronously in TAMs (Figure 4A). Hence, we conducted an
analysis for the correlation of CD68 mRNA expression levels
with the PD-1 and PD-L1 mRNA expression levels in the TCGA
cohort and found that the expression of CD68 and that of PD-1
and PD-L1 was correlated (R = 0.58 and R = 0.41, respectively;
p < 0.001 and p < 0.001, respectively; Figures 4B, C). Towards
this, we conducted a co-immunoprecipitation assay in THP-1
derived macrophages, which expressed both CD68 and PD-1,
to test for a possible interaction between the two proteins
(Figure 5A). Our results showed that the anti-CD68 antibody
could precipitate both CD68 and PD-1, indicating that CD68
could bind to PD-1 in vitro (Figure 5B).

Based on the results of the co-immunoprecipitation assay,
we next explored the function of CD68/PD-1 interaction.
TABLE 1 | Association of PD-1 positive and negative TAMs with
clinicopathological parameters.

PD1+TAM PD1-TAM p-value

Number of patients 57 63

Age 0.338
Median 67 66

Gender 0.806
Male 48 52
Female 9 11

pT stage 0.027
pT2 26 44
pT3 16 10
pT4 15 9

Histology <0.001
Micropillar 7 1

Nest 32 47
Trabecular 5 0

Papillar 6 15
Undifferentiated 7 0

PDL1 <0.001
3+ 16 1
2+ 13 2
1+ 17 27
- 11 33

Ki67 0.003
>=50%+ 28 10
<50%+ 29 53

Events
Death 38 14
Recurrence 45 21
A B

C

FIGURE 4 | (A) Immunofluorescence staining confirmation for the appearance of PD-1-positive TAMs. (B) mRNA expression of CD68 showed a correlation with
PD-1 expression in the TCGA cohort. (C) mRNA expression of CD68 showed a correlation with PD-L1 expression in the TCGA cohort.
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After 12-hour treatment of CD68 and anti-CD68 on the THP-1
derived macrophages, we found that the interaction of CD68 and
PD-1 can increase the CD163 levels, indicating the M2
polarization of THP-1 derived macrophages (Figure 5C). In
addition, the block of CD68 to PD-1 can reverse the M2
polarization (Figure 5C).

Furthermore, the potential binding of CD68 and PD-1 were
estimated in silico. We identified the functionally conserved
LAMP-like domain of CD68 and the IgV domain of PD-1, and
analyzed the potential binding between these two domains
through molecular docking (Figure 5D).

Anti-CD68 With PD-1-Positive TAMs
Existence Can Mediate Antitumor Effects
To determine whether CD68/PD-1 interaction can interfere the
bladder cancer growth, T24 cells, expressing PD-L1, were co-
cultured with THP-1 derived macrophages and treated with 5µg/
ml CD68, 10µg/ml anti-CD68 and 5µg/ml Nivolumab, separately
(Figures 5A, E). After 12-hour treatment, 5µg/ml CD68 and
10µg/ml anti-CD68 alone did not show obvious changes in T24
cell growth (Figure 5E). When together with THP-1 derived
macrophages, 5µg/ml CD68 promoted T24 cell proliferation and
10µg/ml anti-CD68 inhibited T24 cell growth (Figure 5E).
5µg/ml Nivolumab also showed its inhibition on T24 cell
growth but the synergy effects of anti-CD68 and Nivolumab
were not obvious (Figure 5E). Moreover, the co-culture of
PBMCs, THP-1 derived macrophages and T24 cells suggested
that the anti-CD68 treatment combined with PBMCs showed
obvious synergy effects on inhibiting the proliferation of T24
cells, indicating anti-CD68- mediated antitumor effect was T-cell
dependent (Figure 5E).
Frontiers in Oncology | www.frontiersin.org 7
DISCUSSION

The clinical application of PD-1/PD-L1 related immunotherapies
implies the potential immunogenicity of bladder cancer (5, 25).
However, PD-1/PD-L1 related immunotherapy for bladder
cancer, especially for patients with MIBC, is still improvable (5),
as these are effective in only a certain proportion of patients with
bladder cancer (26). Some patients with MIBC undergoing PD-1
related therapies have progressed to develop hyper-progressive
disease (8). Therefore, we aimed to identify alternate immune
therapy targets in patients with MIBC. This study is the first to
demonstrate that CD68 can bind to PD-1, which may provide a
new target for future immunotherapeutic strategies.

Further, the expression of CD68 and PD-1, which indicates
the existence of PD-1-positive TAMs, may be used as a predictive
biomarker for individuals with MIBC. Studies have shown that
PD-1-positive TAMs show characteristics of the M2 phenotype,
and are correlated with tumor progression in vitro, and in vivo
(19, 27). In this study, we showed that M2 TAMs were a negative
survival indicator for patients with MIBC in the TCGA cohort.
Next, we reported that the presence of PD-1-positive TAMs
in patients with MIBC indicated a reduced 5-year OS and
DFS. PD-1-positive TAMs were also correlated with higher
undifferentiated histological patterns, which indicate worse
clinical outcomes (5). Further, PD-1-positive TAMs were also
linked to deeper invasion of MIBC, indicating a higher pT stage.
With a higher Ki67 expression in the surrounding bladder cancer
cells, the presence of PD-1-positive TAMs also suggested greater
tumor proliferation. Together, these findings suggest that PD-1
and CD68 can be regarded as negative survival indicators for
patients with MIBC.
A B

D
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FIGURE 5 | (A) Both THP-1 cells and THP-1 derived macrophages expressed PD-1 and CD68. T24 cells expressed PD-L1. (B) A co-IP assay showing the binding
between CD68 and PD-1, hinting at the possibility of a CD68 and PD-1 interaction. (C) The binding of CD68 and PD-1 promoted THP-1 derived macrophages to
M2 polarization whereas the blockage can reverse the process. (D) Molecular docking showing the interactions of CD68 and PD-1 through possible LAMP-like and
IgV domains. SP indicates signal peptide and TM indicates transmembrane domain. (E) The cell viability assays of T24, THP-1 derived macrophages and PBMC co-
culture experiments. T24 cell group and THP-1 derived macrophage group were the control groups. ***p < 0.001 (Student’s t-test).
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Although CD68 has found use in clinical settings as the
biomarker for macrophages for decades, the true function of
CD68 in tumor immune regulation remains unclear (20). The
focus on the role of PD-1/PD-L1 in tumor immunity has involved
T cells for a long time (19). However, as PD-1-positive TAMs can
directly affect tumor cell proliferation, we explored the
mechanisms underlying the upstream regulation of PD-1/PD-
L1 in TAMs (19). Using bioinformatics analysis, we found that
upon binding to PD-1, CD68 was expected to reduce the van der
Waals interaction energy and electrostatic energy. This implied
that the CD68 and PD-1 complex might be stabilized through the
binding of LAMP-like and IgV domains, enhancing the tumor
immune inhibition function of PD-1. Moreover, CD68 is a
lysosomal membrane protein that can rapidly shuttle to the cell
surface (20, 21). Therefore, we hypothesized that CD68 receives
signals from upstream factors and transfers to the cell surface and
binds to PD-1, which initiates the regulation of the PD-1/PD-L1
pathway in TAMs. We also estimated the relationship of CD68
and PD-1/PD-L1 complex by using the (PS)2v2 program. The X-
ray structure of the PD-1/PD-L1 complex was downloaded from
the protein data bank website. Although the results from the
molecular docking analysis indicate that CD68 may not directly
affect the PD-1/PD-L1 complex, CD68, PD-1, and PD-L1 may
form a complex. In additon, through in vitro experiments, we
found that CD68/PD-1 interaction can induce THP-1 derived
macrophages to M2 polarization and the block of CD68/PD-1
interaction can inhibit T24 cell growth. The anti-CD68-mediated
antitumor effect was T-cell dependent and anti-CD68-induced
antitumor T-cell immunity was macrophage dependent.

Anti-PD-1 immunotherapy is a promising future therapy for
patients with MIBC (5). The resection of the whole bladder is an
agonizing process for patients with MIBC, and in practice, it
remains an obstacle for future anti-PD-1 based immunotherapy
(5). Therefore, the potential binding of CD68/PD-1 could provide
a new therapeutic target. However, a detailed functional analysis
of CD68 and PD-1 in the context of bladder cancer requires
further investigation. The results from our study showing the
formation of a CD68/PD-1 complex may prove to be valuable in
the field of MIBC tumor immunity research.

To conclude, M2 and PD-1-positive TAMs are associated
with poor clinical outcomes in MIBC patients. We found that
PD-1-positive TAMs can be potentially regulated by the CD68
and PD-1 complex, and that the interaction of CD68 and PD-1
indicated poor clinical outcomes in patients with MIBC.
Frontiers in Oncology | www.frontiersin.org 8
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