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1 |  INTRODUCTION

Bladder cancer (BC) is the ninth most common cancer and 
the thirteenth deadliest worldwide with 81190 newly di-
agnosed cases and 17240 deaths estimated in USA, 2018.1 

Most of bladder cancers are derived from urothelial cells, 
and roughly 75% of patients are nonmuscle invasive bladder 
cancer (NMIBC) and 25% have muscle invasive (MIBC) or 
metastatic disease.2 Despite the continuous development of 
medical techniques, the diagnostics, treatments, and surviv-
als for bladder cancer have been largely unchanged since the 
1990s.3 Although NMIBC patients with a better prognosis 
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Abstract
CD164 was found to play a role in many malignant diseases. But the roles of CD164 
in human bladder cancer have not yet been studied. The object of our study was to 
investigate the functions of CD164 in urothelial bladder carcinoma. The immunohis-
tochemistry (IHC) was performed to evaluate the associations between the expres-
sion level of CD164 and clinical- pathological features of patients, and IHC was used 
to analyze the relationship between CD164 and CXCR4 in tumor tissues. Real- time 
qPCR and Western blot were used to measure the expression of relevant genes. The 
roles of CD164 in tumor cells and tissues were investigated by in vitro and in vivo 
experiments. The results of immunohistochemistry found that CD164 was associated 
with clinical and pathological features of patients. High level of CD164 was related 
to the distant metastasis and vascular invasion of bladder cancer patients. In vitro, by 
silencing of CD164, the proliferation, migration, and invasion of tumor cells were 
inhibited significantly by regulating related proteins such as Ki67, proliferating cell 
nuclear antigen, matrix metalloproteinases- 2, and matrix metalloproteinases- 9. In 
vivo, knocking- down of CD164 could reduce the growth and metastasis of tumors in 
mice. In addition, a co- expression was found between CD164 and CXCR4 in tumor 
tissues. In conclusion, our study demonstrated that CD164 was associated with the 
poor clinical outcomes of BC patients. Silencing of CD164 could inhibit the progres-
sion of tumors in vivo and in vitro, which may become an effective target in the 
treatment of bladder cancer.

K E Y W O R D S
bladder cancer, CD164, CXCR4, prognosis, progression

www.wileyonlinelibrary.com/journal/cam4
http://orcid.org/0000-0002-6850-7583
http://creativecommons.org/licenses/by/4.0/
mailto:xiaoguang_zh@hotmail.com
mailto:szxyycfm@sohu.com


3764 |   ZHANG et Al.

than MIBC, and even through tumors can be successfully 
identified and removed before they become invasive, BC has 
a high rate of recurrence and progression.4 Cystoscopies are 
the gold standard for diagnosis of BC, but they are expensive 
and uncomfortable.5 And they sometimes fail to find types of 
tumor that have not yet become invasive but are aggressive, 
such as carcinoma in situ.6 With the limitations of present 
diagnosis and treatment, researching into cancer genomics, 
risk markers, and targeted therapies could hold the key to 
progress against this malignant disease.

CD164, also known as endolyn or MGC- 24v, is a mem-
ber of sialomucin family, which is conversed and encoded by 
CD164 gene located on human chromosome 6q21.7,8 CD164 
was first identified in primitive CD34+ hemopoietic progeni-
tor cells and bone marrow stromal cells and has been found to 
be involved in proliferation, migration, and adhesion of these 
cells.9-11 By facilitating the adhesion and migration of human 
CD34+ cells to bone marrow stroma, CD164 was proposed 
to regulate hematopoiesis.12 In human cancers, CD164 was 
reported played roles in many different cancers. For instance, 
CD164 has been reported for the maintenance and progres-
sion of human tumors, such as human glioma,13 lung can-
cer,14 ovarian cancer,15 and prostate cancer.16 Besides, some 
microRNAs such as miR- 124 and miR- 219 were found that 
could suppress the proliferation, migration, and invasion of 
tumor cells by targeting CD164.17,18 However, the roles of 
CD164 in BC have not yet been studied and are still unclear.

In this study, we systematically researched the roles of 
CD164 in BC. The immunohistochemistry was used to inves-
tigate the associations between CD164 and clinical outcomes 
of BC patients. Then, the functions of CD164 in tumor prolif-
eration, migration, and invasion were studied in vivo and in 
vitro. According to these, we hoped to find an effective marker 
which may become the potential therapeutic target of BC.

2 |  MATERIALS AND METHODS

2.1 | Patients and samples
One hundred and fifteen patients clinically and pathologi-
cally diagnosed with urothelial carcinoma of bladder in third 
central hospital of Tianjin and provincial hospital affiliated to 
Shandong university were included in our study. Tumor tis-
sues were obtained after the first surgical treatment (TURBt 
or Cystectomy). The clinical and pathological characters 
such as ages, genders, pTMN stage, tumor grade, tumor 
sizes, lymph metastasis, and vascular invasion were record. 
The tumor stage was classified by 2009 UICC TMN stag-
ing and tumor grade was determined according to the 2004 
WHO/ISUP classification.19,20 Written informed consents 
and approval from the institution ethics commission of third 
central hospital of Tianjin and provincial hospital affiliated to 
Shandong university were obtained.

2.2 | Immunohistochemistry and scoring
Bladder tumor specimens were fixed by 10% v/v formalin 
solution, and embedded in paraffin. One hundred and fifteen 
paraffin- embedded tissues collected from the third central 
hospital of Tianjin were sliced into 4- μm sections and baked 
at 65°C for 30 minutes. Then, the sections were performed 
with EDTA (pH = 8.0) and 3% H2O2 in methanol. The tissues 
sections were cultured with: anti- CD164 antibodies (rabbit; 
1:200; sigma), anti- CXCR4 antibodies (rabbit; 1:200; sigma) 
overnight at 4°C in a moist chamber. Then, the second anti-
body was added and incubated at room temperature for 1 hour. 
The sections were counterstained using hematoxylin and incu-
bated with streptavidin- horseradish peroxidase complex. For 
the results, CD164 cytoplasmic staining was scored by using 
4- point scales (0, no staining; 1+, light staining at high magni-
fication; 2+, intermediate staining; 3+, dark staining of linear 
membrane at low magnification). Besides, an immunostain-
ing score (H- score) was measured by the multiplication of 
CD164 and CXCR4 stained cells and the corresponding in-
tensity score.21 According to the distribution of H- scores, the 
CD164 and CXCR4 were divided into high and low expres-
sion groups, respectively.

2.3 | Cell culture
Human urothelial bladder cancer T24 and 5637 cell lines 
were purchased from the Cell Bank of the Chinese Academy 
of Sciences (Shanghai, China). According to the instructions, 
both of T24 and 5637 cells were cultured in RPMI- 1640 me-
dium containing 1% penicillin streptomycin and 10% fetal 
bovine serum with 5% CO2 at 37°C.

2.4 | Plasmid construction and Lentiviral 
transfection
CD164 short hairpin RNA oligonucleotide sequence (shRNA) 
was used to knock down the expression of CD164 gene. The se-
quence of CD164 shRNA was as follows: 5′- TGAGAAAGC 
T C T C C A C T C T G T T C A A G A G A C A G A G T G G A G 
AGCTTTCTCTTTTTTC- 3′. And a scramble shRNA was 
performed as the negative control. The efficacy of knocking- 
down was verified by RT- qPCR and Western blot. Then, 
qualified cells were selected for using in later experiments.

2.5 | RT- PCR
Total RNA was extracted from tumor tissues and cells using 
TRIzol reagent (Thermo, American) according to the in-
structions. RNA was reversely transcripted to cDNA by the 
cDNA Reverse Transcription Kit (Sangon Biotech, China). 
Quantitative PCR was performed on a Smart Cycler using 
SGExcel FastSYBR Mixture (With Low ROX) Plus (Sangon 
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biotech). A comparative threshold cycle (Ct) method, which 
compares differences in CT values between common con-
trol and target RNA, was used to process the real- time PCR 
data.22 The primer sequences of CD164 were as follows: 
(Forward) 5′- TGAGCCCTGAACACCAGAGAG- 3′, and 
(Reverse) 5′- AAAGCCAGATGAGCGCTTCTA- 3′.

2.6 | Western blot
Cells and tissues were lysed in RIPA lysis buffer, and pro-
teins concentrations were measured by using the bicin-
choninic acid (BCA) method. Cell/tissue lysates were 
separated by SDS- PAGE gels and transferred to PVDF 
membranes (Thermo, American). Then, the blots were 
blocked by 5% dry milk and incubated with the primary an-
tibodies: anti- CD164 (rabbit; 1: 1000 dilution; Cambridge, 
UK), anti- β- actin (mouse; 1:1000 dilution; Cambridge, UK), 
anti- Ki67 (rabbit; 1:1000; Cambridge, UK), anti- PCNA 
(mouse; 1:500 dilution; Cambridge, UK), anti- MMP2 
(mouse; 1:1000 dilution; Cambridge, UK), and anti- MMP9 
(mouse; 1:1000 dilution; Cambridge, UK) monoclonal anti-
bodies overnight at 4°C. Then, the samples were incubated 
with the secondary antibody (polyclonal goat anti- rabbit/
mouse, 1:10 000 dilutions, Rockland Immunochemicals 
Inc, PA) for 1 hour at room temperature and detected by 
chemiluminescence.

2.7 | Colony formation array
Four hundred cells per well of T24 and 5637 cells were 
seeded into 60 mm dishes and cultured at 37°C in 5% CO2. 

After 10 days, cells were fixated with 10% formaldehyde for 
5 minutes and stained 10- 30 minutes with Giemsa. Finally, 
the colonies were counted using an optional microscope and 
the colonies with diameters >2 mm were counted. The arrays 
were performed in triplicate.

2.8 | MTT array
T24 and 5637 cells were seeded into 24- well plates with a 
density of 2 × 103 cells/well and 10 μL of 5 mg/mL MTT 
reagent was added into each well for 4 hours at 37°C. Then, 
the media were removed, and dimethyl sulfoxide (DMSO, 
Sigma) was added. The absorbance was measured at 570 nm. 
The arrays were repeated in triplicate.

2.9 | Wound and healing assay
2 ×  104/well of T24 and 5637 cells were seeded in 12- 
well plates and grown to a confluence. Then a scratch was 
created using a sterile 200 μL pipette tip and cells were 
calculated at 37°C in 5% CO2. The distance between the 
edges of both sides was measured, which represented the 
ability of cell migration. Three repeated arrays were car-
ried out.

2.10 | Transwell array
The transwell membrane with Matrigel Substrate (BD, USA) 
was used to investigate the invasion of tumor cells. 2 × 105 
cells were added into the upper chambers, and the low cham-
bers were filled with the RPMI- 1640 supplemented with 10% 

F I G U R E  1  Immunohistochemistry 
of the expression level of CD164 in bladder 
tumor tissues and association between 
CD164 and survivals of patients. A, The 
typical strong and weak staining of CD164 
in tumor tissues by immunohistochemistry. 
B and C, The associations between CD164 
and prognosis of patients were performed by 
Kaplan- Meier method, high level of CD164 
was associated with short OS and RFS 
(P < .05)
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FBS. The cells were calculated for 24 hours at 37°C in 5% 
CO2. The cells under the surface of the lower chamber were 
fixed and stained with 0.1% crystal violet. The number of 
cells was observed from 5 randomly selected photographs 
under a microscope (magnification, ×200). The arrays were 
performed in triplicate.

2.11 | Animal study
All animal experiments in our study were approved by the 
Animal Care and Use Committee of the third central hospi-
tal of Tianjin. BALB/c nude mice (5- weeks old) were pur-
chased from Slac Laboratory Animal Co. Ltd. (Shanghai, 
China). 1 × 107 T24 cells transfected with CD164 shRNA 
and controls were subcutaneously injected into the right 
armpits of mice. The growth of tumors was monitored over 
a 7- week period, and the tumor volumes were measured. 
After 49 days, tumors were harvested and mice were eu-
thanized. Besides, to investigated the association between 
CD164 and metastasis of bladder tumor cells. T24 cells 
transfected with CD164 shRNA and controls were injected 
into mice tail vein. The metastatic tumors of lung were de-
tected, after 4 weeks, the mice were euthanized, and tumors 
were harvested.

2.12 | Statistic analysis
The data in this study were analyzed by SPSS.22.0. 
Quantitative dates were assessed by mean ± SD. 
According to the variance homogeneity or not, parametric 
test and nonparametric test were used respectively. Chi- 
square tests were used to analyze the associations between 
the expression of CD164 and the clinicopathological fea-
tures. Chi- square tests and correlation analysis (Pearson 
and Spearman) were performed to analyze the associations 
between CD164 and CXCR4. Kaplan- Meier method was 
performed to estimate the prognosis of patients. For the 
results, P < .05 for the difference was considered to be 
significant.

3 |  RESULTS

3.1 | Association between CD164 and 
clinical- pathological features of patients with 
BC
Immunohistochemistry of tumor tissues from 115 patients 
diagnosed with BC in third central hospital of Tianjin and 
provincial hospital affiliated to Shandong university was per-
formed to investigated the association between the expression 
of CD164 and clinical- pathological characters of patients. Both 
of the nucleuses and cytoplasm (mainly) of tumor cells were 
dyed and the typical strong and weak staining of CD164 was 

shown, while CD164 was negative in the normal bladder tis-
sues (Figure 1A,B). The results showed that CD164 was signif-
icantly associated with distant metastasis and vascular invasion 
(P < .05). A high level of CD164 was related to the distant me-
tastasis and vascular invasion of BC. However, no associations 
were found between CD164 and ages, genders, tumor grade, 
pTMN stage, and lymph node metastasis (Table 1).

3.2 | Association between CD164 and 
prognosis of BC patients
Kaplan- Meier method was performed to estimate the associa-
tion between CD164 and the prognosis of patients. Overall 
survival (OS) and relapse- free survivals (RFS) were fol-
lowed up by cystoscopy in our center with every 3 months 
during the first year, then every 6 months during the follow-
ing years. The results found that CD164 was significantly as-
sociated with the survivals of patients (Figure 1C). As was 

T A B L E  1  Relationships of CD164 and clinicopathological 
characteristics in 115 patients with BC

Feature
All  
n = 115

CD164 expression

χ2 P
Low 
n = 36

High 
n = 79

Age (year) 2.184 .139

<65 46 18 28

≥65 69 18 51

Gender 0.332 .565

Male 99 30 69

Female 16 6 10

Tumor stage 0.208 .648

T2 35 12 23

T3/T4 80 24 56

Tumor grade 1.408 .235

Low 33 13 20

High 82 23 59

Lymph node metastasis 1.669 .196

Yes 35 8 27

No 80 28 52

Recurrence 1.948 .163

Yes 59 15 44

No 56 21 35

Distant metastasis 5.830 .016

Yes 51 10 41

No 64 26 38

Vascular invasion 5.967 .015

Yes 64 14 50

No 51 22 29
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shown, high level of CD164 was suggested to be related to 
the short PFS and OS (P < .05).

3.3 | Stably knocking down CD164 in both 
T24 and 5637 cell lines
CD164 shRNA was used to knock down the expression of 
CD164 gene in both T24 and 5637 cell lines. The expression 
of CD164 in shRNA and control groups was detected in RT- 
qPCR and Western blot. The results found that the expression 
of CD164 was dramatically decreased in shRNA group com-
pared to controls (P < .05), which indicated that we have ef-
fectively knocked down the expression of CD164 in both cell 
lines (Figure 2).

3.4 | Silencing of CD164 inhibited the 
proliferation of tumor cells by regulating 
Ki67 and PCNA
Colony formation and MTT arrays were performed to in-
vestigate the impact of CD164 on the proliferation of tumor 
cells. The results exhibited that comparing to controls, si-
lencing of CD164 could inhibit the proliferation of both T24 
and 5637 cells (P < .05; Figure 3A,B). Then, to further ex-
plore the mechanism of CD164 in tumor proliferation, some 
proliferation- related proteins were identified and detected. The 
result found that the expressions of Ki67 and proliferating cell 
nuclear antigen (PCNA) were decreased when we silenced the 
expression of CD164 (P < .05; Figure 3C,D). In conclusion, 
the results revealed that silencing of CD164 could inhibit the 
proliferation of tumor cells by regulating the expression of 
proliferation- related proteins such as Ki67 and PCNA.

3.5 | Silencing of CD164 inhibited the 
migration and invasion of tumor cells by 
regulating MMP2 and MMP9
Wound and healing assay and transwell array were used to 
investigate the associations of CD164 with migration and 
invasion of tumor cells. The data showed that by knocking 
down CD164, the abilities of migration and invasion of tumor 
cells were decreased (P < .05; Figure 4A,B). Regarding the 
mechanism, we examined the expression of proteins that 
reflected the invasion and migration of tumor cells. By si-
lencing of CD164, the expressions of matrix metalloprotein-
ases- 2 (MMP2) and matrix metalloproteinases- 9 (MMP9) 
protein were inhibited in our study (P < .05; Figure 4C,D). 
Taken together, we suspected that CD164 could promote the 
migration and invasion of bladder tumor cells through regu-
lating relevant proteins including MMP2 and MMP9.

3.6 | Knocking down CD164 restrict the 
growth and metastasis of tumors in mice
To further demonstrate the roles of CD164 in tumor pro-
gression, we researched the influence of CD164 on tumor 
growth and metastasis in mice. Transfected T24 cells in 
CD164 shRNA and control groups were injected subcu-
taneously into the right armpits of mice separately. After 
2 weeks, tumor volumes were measured every 7 days. From 
the growth curve, tumors in CD164 shRNA group were grow 
slower than controls. After 49 days, tumors were harvested 
and measured. The results demonstrated that by knocking 
down CD164, the growth of tumors were restricted obvi-
ously in mice (P < .05; Figure 5A). Besides, T24 cells in 

F I G U R E  2  Stably knocking down 
CD164 by shRNA in both cell lines. The 
expression of CD164 in T24 and 5637 
cell lines transfected by shRNA lentivirus 
was detected (A) in RT- qPCR and (B) in 
Western blot. The expression of CD164 in 
shRNA group was significantly decreased 
compared to controls (P < .05)
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2 groups were injected into mice tail vein to observe the 
difference of lung metastasis. The results suggested that the 
metastatic tumors in CD164 shRNA group were obviously 
smaller than controls (P < .05; Figure 5B). Western blot and 
immunohistochemistry were preformed to detect the expres-
sion of CD164 in mice tumors. We found CD164 was dra-
matically decreased in CD164 shRNA group (Figure 5C,D), 
which confirmed that an effective and stable knocking- down 
of CD164 was built in mice tumors. In summary, our find-
ings demonstrated that silencing of CD164 could restrict the 
growth and metastasis of tumors in mice.

3.7 | Co- expression existed between 
CD164 and CXCR4 in bladder cancer tissues
As CD164 acted as a CXCR4- associated sialomucin, the re-
lationship between CD164 and CXCR4 has been researched 
in many different cancers.15,23 In our study, we used the 
immunohistochemistry to observe the association between 
the expression of CD164 and CXCR4 in tumor tissues 
by uninterrupted slicing. The typical staining was shown 
(Figure 6A). The results found that an obvious positive cor-
relation was existed (Figure 6B). Therefore, we speculated 

F I G U R E  3  Silencing of CD164 
inhibited the proliferation of tumor cells 
by regulating Ki67 and PCNA. A, The 
results of colony formation array found 
that colonies in shRNA group were less 
than controls (P < .05). B, MTT array 
showed that OD values in shRNA group 
were decreased (P < .05). C and D, The 
expression of proliferation related proteins 
Ki167 and PCNA was down- regulated by 
silencing of CD164 (P < .05)
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that CD164 possibly played roles in bladder cancer through 
regulating the expression of CXCR4 and relevant pathways.

4 |  DISCUSSION

As far as we know, there are no reports mentioned about 
the roles of CD164 in BC. Our study is the first experi-
ment which systematically researched the associations be-
tween CD164 and progression of BC. As we know, BC is 
a common human carcinoma, although primary tumors can 

be successfully removed, the tumors recur easily and may 
progress to muscle- invasive ones.24 The traditional stand-
ard therapies could restrict the growth and development of 
tumor. However, they could hardly prevent patients from 
recurrence and drug resistance.25 Therefore, researching on 
novel potential risk markers may provide new directions and 
progress for the treatment of BC.

CD164, a member of the sialomucin family, was a mucin 
that contained sialic acid.26,27 As a multifunctional protein, 
CD164 acted as a surface marker of hematopoietic stem cells, 
a CXCR4 promoter activity- enhancing transcription factor, 

F I G U R E  4  Silencing of CD164 
inhibited the migration and invasion of 
tumor cells by regulating MMP2 and 
MMP9. A, Wound and healing assay was 
used to investigate the influence of CD164 
on tumor migration. The distance between 
edges in shRNA group were wider than 
controls (P < .05). B, Transwell array 
showed that the ability of invasion in 
shRNA group was decreased significantly 
(P < .05). C and D, The expression of 
migration and invasion- related proteins 
MMP2 and MMP9 was reduced in shRNA 
group (P < .05)



3770 |   ZHANG et Al.

and a stem cell- specific marker inducer.9-11 High expres-
sion of CD164 was found in several malignant diseases and 
was associated with clinical outcomes of patients.13,23,28-31 

In lung cancer, the positive associations were significantly 
existed between CD164 expression and tumor size, tumor 
cell grading, and lymph node involvement.14 Besides, a high 

F I G U R E  5  The influence of CD164 
on tumor growth and lung metastasis of 
BC in mice. A, From growth curve, tumors 
in shRNA group grew more slowly than 
controls and tumor volumes were smaller in 
shRNA group (P < .05). B, To investigate 
the influence of CD164 on tumor metastasis 
of mice, the T24 cells were injected into 
mice tail vein. The pulmonary metastatic 
tumors in shRNA group were smaller than 
controls (P < .05). C and D, The expression 
of CD164 in mice tumors was dramatically 
decreased by immunohistochemistry and 
Western blot (P < .05), which suggested a 
successful construction of CD164 knocked 
down model in mice

F I G U R E  6  Co- expression between 
CD164 and CXCR4 in tumor tissues 
by immunohistochemistry. A, The 
immunohistochemistry of CD164 and 
CXCR4 in 115 samples were performed. 
The typical strong and weak staining was 
shown. B, Chi- square tests, and correlation 
analysis (Pearson and Spearman) were 
performed to analyze the associations 
between CD164 and CXCR4. The results 
found that an obvious positive correlation 
was existed (P < .001)
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abundance of CD164 protein was significantly correlated 
with high- grade of ovarian tumors.15 In our study, the re-
sults of immunohistochemistry from 115 patients showed 
that high expression of CD164 was associated with clinical- 
pathological characters such as distant metastasis and vas-
cular invasion. And high level of CG164 was related to the 
short OS and RFS of BC patients. All these results implied 
that CD164 may be a risk marker, which played a role in 
tumor progression.

Previous studies have revealed that CD164 was involved 
in tumor progression via the regulation of cell proliferation 
and apoptosis in several cancers.13-15,23,32 In addition, CD164 
was implicated in regulating the migration and invasion of 
lung cancer and medulloblastoma cells.17,18 In vivo, knock-
ing down CD164 could significantly inhibit the tumor growth 
and metastasis of colon and ovarian cancer in nude mice.23 
Similarly, in our study, silencing of CD164 could signifi-
cantly inhibit the proliferation, migration, and invasion of 
tumor cells in vitro. By knocking down CD164, the growth of 
tumors subcutaneously injected into mice was dramatically 
restricted. Besides, the lung metastasis of mice in CD164 
shRNA group was decreased compared to controls. In sum-
mary, the results in our study were consisted with most of 
previous studies, which revealed that CD164 functioned as a 
tumor promoter and could promote the progression of tumors 
in vivo and in vitro.

CXCR4, an upstream molecule of the PI3 kinase/Akt 
pathway, has been shown to play critical roles in several 
aspects of tumor progression, such as angiogenesis, me-
tastasis, and survival.33-37 An earlier study suggested that 
CD164 acted as a component of a CXCR4 complex and 
regulated the migration of CD133+ cells. 38 In recent years, 
many studies have indicated that CD164 played a role in 
tumor progression by interacting with CXCR4 and regu-
lating the downstream of CXCR4 pathway.23 Knocking- 
down of CD164 could up- regulate PTEN and inhibit the 
activities of PI3K/AKT pathway.13 Besides, CD164 pro-
moted lung tumor- initiating cells with stem cell activity 
and determined tumor growth and drug resistance through 
Akt/mTOR signaling pathway.14 Therefore, we suspected 
that CD164 may also play roles in tumor progression of 
BC through CXCR4/AKT signaling pathway. More studies 
in the future were needed to confirm the mechanism of 
CD164 in BC.

In conclusion, our study was the precedent experiment 
which systematically researched the roles of STK32C in 
tumor progression of BC. From the results, we speculated 
that CD164 was a tumor promoter which could promote the 
progression of several carcinomas possibly by regulating 
CXCR4 relevant proteins and activating CXCR4/AKT sig-
naling pathway. The results were needed to be verified, and 
exact mechanism of the functions of CD164 in BC should be 
researched and confirmed in the future.

The results of our study showed that CD164 was as-
sociated with the poor clinical outcomes of BC patients. 
Silencing of CD164 could inhibit the proliferation, migra-
tion, and invasion of tumor cells. In vivo, knocking down 
CD164 hindered the growth and metastasis of tumors in 
mice. In all, our results revealed that CD164, as a tumor pro-
moter, played an essential role in tumor progression, which 
may become a potential treatment target of BC patients.
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